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CHAPTER 1

INTRDDUCTION,

The production of canned fruits and vegetables inm the Republic of South
Africa is an important factor in the country's export trade. South
Africa exported goods valued at RZ2 016m in 1972, of which R69m was
accaunted for by canned fruits and vegetables. (Bulletin of Statistics

1974 and Stats 1974).

The major fruit and vegetable growing areas are in the Western Cape and
the canneries are situated in those towns in close proximity to both

the farms and railheads.

The wastewaters generated by the numerous canneries vary greatly in
composition -~ being dependent upon the particular fruit or vegetable

being proecessed. The wastes generally have high BOD or COD concentrations
(mainly due to sugars and starches) and low concentrations of the nutrients,

nitrogen and phosphorus.

In many towns the seasonal ‘pDLLution' load from the canneries can exceed
by several times the municipal load. Usually the municipal waste water
treatment facilities are inadequate to handle the seasonal peak loads..
This, in conjunction with the nutrient deficient nature of the cannery
wastes, results in poor treatment efficiencies being recorded at the

purification works.

The city of Paarl (population 70 000) is situated on the banks of the
Berg River in the Western Cape. This river is the most important river
in the area, used extensively by riparian farmers. Strict control of all

effluent discharges into the river is maintained by the 5tate.

Paarl has separate sewers for industrial and domestic waste waters. At
the sewage works the industrial effluent and domestic sewage undergo
separate grit removal and settlement prior to mixing and treatment on
biological filters. After settlement in humus tanks the total flow is
directed to maturation ponds, the final effluent discharging into the

Berg River.

The main contributors to the industriaL waste flow are two fruit

canneries, H. Jones and Company and Langeberg Ko-operasie, and a textile



factory, Berg River Textiles. The waste flow from Berg River Textiles
is fairly constant throughout the yeary; in contrast, the waste flow
from the two canneries is highly seasonal. January to the end of April
of each yeér constitutes the period of high seasonal activitiés for the
canneries with canned peaches, apricots and pears being produced. The
waste discharged during this period is approximately three-quarters of

their amnual discharge.

The variation in flow of both industrial and domestic wastes during 1973

is shown in Fig. 1.

Fig. 2 shows the variations in strength (measured in terms of Permanganate
Value and Chemical Oxygen Demand (PV and COD)) of the industrial and

domestic wastes over the same period.

Figs. 3 and 4 show the 'pollution load' {as kg COD, daym1 and kg PV, day-1
respectively) of the industrial and domestic wastes after primary settle-
ment during 1973. Fig. 4 shows that the design capacity of the biological
filters was exceeded during the months of February and March, with the
peak loading invFebruary exceeding the capacity by approximately 100 per

cent.

It is of interest to note that the 'population equivalent (based on the
PV} of the industrial wastes, after primary settlement, for the month of

February was 1 200 000 people {c.f., Paarl’s population 70 000).

The canneries' contribution to the total industrial load arriving at the
sewage works during the canning season has been estimated as 89 per cent

based on PV, and 91 per cent based on COD {Abbott,1973).

The performance of the bioclogical filters during 1973 is shown in Figs. 5
and 6 - in terms of PV and COD respectively. The poor COD removals
obteined during the canning season, as opposed to the high PV removals
obtained over the same period, would indicate that the PV is a misLeadingv

parameter with which to monitor the filters' performance.

A record of the performance of the maturation ponds in terms of COD is
not available. However it has been established that with an influent

loading of 3500 kg PV. day”1 the ponds produce an effluent with a PV VETY

close to the 10 mg L-1 standard laid down by the Department of Water Affairs.
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During the 1973 season the loading on the ponds was consistently greater
-1 -

than 500 kg PV.day - with a peak value of 1 600 kg PV. day ! being

recorded in february. This overload of approximately 220 per cent

resulted in a substandard effluent being produced.

In order to deal with the seasonal load it was concluded {Ninham Shand
and Partners report, September, 1973) that instead of providing
additional primary treatment, secondary treatment of the effluent from
the existing works would be the most feasible and economical. Three

alternative forms of secondary treatment were proposed :-

(1) Secondary biological filtration
(11) Activated sludge treatment
(11ii) Biological disc treatment.

This thesis deals with the investigations into (i) the activated sludge,
rotating biological disc and secondary biological filtration as forms
of secondary treatment, and (ii) the biological disc system as a form

of 'roughing! treatment for the industrial waste.




CHAPTER 2

LITERATURE REVIEW,

TREATMENT OF CANNERY WASTES

Cannery wastes have heen treated by screening, chemical precipitation,

lagooning, spray irrigation, biological filtration and activated sludge.

Screening

Screening is an essential part of canmery waste treatment, heing designed
to remove large solids prior to further treatment or discharge to the
municipal sewers. 3creening removes only a small fraction of the waste-

BOD. (Nemoraw, 1971).

Mechanically operated screens (mesh size varying from 12 to 30) of eithber
the rotating or vibrating type are used, with surface area averages of

2
0,1 m per 700 L. of wasies per hour (Koziorowski gt al,61971).

Typical 'screening' production figures are reported as 40 to 50 pounds
' -3
per 1 000 gallons of waste water (i.e. 4 to 5 kg. m = of waste) with

moisture contents of between 70 and 95 per cent (Nemerow, 1971).

The !'screenings’ are disposted of im various ways; ‘spread on the ground,
used for lLand fill, dried and incinerated or used to supplement animal

feed.

Chemi;aL Precipitation

Chemical preceipitation is used to remove colloidal suspended matter, the
largest concentrations of which occur in wastes from the processing of
leguminous vegetables, mainly peas (Koziorowski et al,1971). It has been
applied effectively to treat apple, tomato and cherry wastes (Nemerow,
1971), Ferric salts or aluminate and lime have produced 40 to 50 per
cent BOD reductions, with dosages of 300 to 1 000 mg. L-1 of lime plus
100 to 800 mg. L-1 of ferric sulphate or alum (Nemerow,1971).

The quantity of sludge produced is 10 - 13 per cent of the volume of waste

treated, and is reported to dry easily on drying beds (Koziorowski et al,

1971). Area requirements for the drying beds have been reported as

1 me. m’3 of waste flow (Eldridge, 1942).



Stabilisation Ponds (lagoons)

Only when adequate land is available is stabiiisation pond treatment
practical and economical. Both anaerobic and aerocbic lagoons have
extensive application in the treatment of screened cannery wastes in
Australia (Parker, 1966). Anaerobic lagoons loaded at 600 1b BOD.
acre"1. da\y-—1 (670 kg BOD. hectare-1. day“1) and followed by aerchic
lagoons loaded at 50 b BOD. acre” . day_1 (60 kg BOD. hectare™ . day'1>

are reported to effect 70 - B0 per cent BOD reductions.

Eckenfelder (1971) reported the optimum BOD loading for anaerobic lagoons
-1 -1 - -
as 390 b BOD. acre . day (440 kg BOD. hectare 1. day 1) and for

aerobic/facultative lagoons as 140 lb BOD. acre"1.day’1 (160 kg BOD.

- -1
hectare . day ).

Lagoons aerated by means of surface aerators have been used extensively’
to treat food cannery wastes in America (Eckenfelder,1971). de types -

of aerated lagoons are commonly used (Mohanrao,1973) :

(1) Completely aerobic lagoons requirinmg a power imput of 0,1 hp.

- ‘ -
1 000 gal of basin volume (0,02 kW. m ?), and

~ -1
(2) Facultative lagoons requiring 0,01 - 0,02 hp. 1 000 gal  of

basin volume (0,002 - 0,003 kW. m“3).

The power requirement for completely aerobic lagoons is based on mixing
requirements, whereas that for facultative lagoons is based on the oxygen

requirements.

The lower power input in a facultative lagoon results in mixing velocities
being insufficient to keep the solids in suspension. Solids settle to the
bottom where they undergo anaercbic decomposition. The aerators maintain
an aerohic 'strip! above the amaerobic zone, thus preventing odour

release.

Depths of both types of lagoons are governed by the choice of aerator.
The lagoons should be deep emough to prevent scour of the bottom. Width
and lengths of the lagoons are governed by the aerator spacings required

for the particular applicatiaon.

Eckenfelder(1971), Lisanti and Balakrishnmam (1974) and Mohanrao - (1973)



all repart 90 -~ 95 per cent BOD reductions om screened cannery wastes.

Spray Irrigation

Spray Irrigation is an economical and unobjectionable method of treatment.
The feasibility of employing this method is influenced by several factors

(Luley, 1973)

(1) slope of terrain,

(ii) characteristics and extent of soil surface
cover including vegetation,

(iii) characteristics of the earth Layers in the upper part of the
soil profile,

(iv) depth of the groundwater table,

(v) quantity of the waste efdeent,

(vi) salinity of the waste [LuLey (1963) states that no apparent
adverse effect on crops will be noticed if the total salinity
does not exceed 0,15 per cent].

(vii) pathogenicity of the waste.

Luley states that flat terrain and permeable soils are accepted as ideal
for spray irrigation. High BOD reductions are obtained as the waste
pércoLates through the vegetation and soil. The waste must be applied at
rates which do not result in rum-off or ponding on the land. Good
reductions are obtained by spraying 12 - 48 mm daily, or 75 -~ 100 mm

over an 8 hour period every 7 days. The rate of irrigation may be

increased up to 10 times when spraying woodlands (Koziorowski et al,1971).

Typical spray irrigation application rates employed in America are shown

in Table 1.

A spray run-off system has been developed for sloping terrain and
impermeable soils (Luley, 1963). Extensive tests carried out in America
(Law gt _al,1970) indicated that 61 per cent of the waste applied to the
slopes returned to surface streams as run~off. Thisrrun—off was repoprted
as having undergone 92 ~ 99 per cent reduction in BOD, B3 - 90 per cent
reductinn in total nitrogen and 50 - 60 per cent reduction in total

phosphorus.

N



TABLE 1 : Spray lrrigation performance {(After Eckenfelder 1958)

Average loading
Total Rate Average Wb sus-
Product Pump area Df‘ apPLi- pended
rate, |sprayed,] appli- |cation, b BOD/ solids/
gpm acres | cation, |in./day | acre/day | acre/day
gpm/acre
1000 5.63 178 2.96 413 364
T t
omatoes 500 6.4 B6 0.70 155 139
Lorn 350 2.28 153.5 3.35 864 500
Asparagus
& beans 253 0.9 282 3.3 22.3 356
Tomatoes,
corn and
lima beans 430 9.18 43.8 0.375 40.5 14.7
Lima beans 430 6.65 65 0.379 65 46
Cherries 216 2.24 96.5 3.61 807 654

Biological Filtratian

In all biological treatment processes the cannery wastes are found to be

deficient in the essential nutrients, nitrogen and‘phosphorus; to attain

the correct balance they are usually mixed with domestic sewage.

In biclogical filtration of cannery wastes, the filters are normally of
< . . -3 -
the high rate variety, being loaded at 0,5 to 2,0 1b BOD.Yd . day !

(295 to 1 180 gBDD.m-Bday-1). BOD removal rates of 90 - 95 per cent have

been reported in America (Nemeraw, 1971).

The high rate filters at Paarl sewage works are loaded at rates of up to

-3 - -3 -1 -3 -1
1 000 g PV.m .day 1, 3 500 g BOD.m .day and 6 000 g COD.m .day .

Removal efficiencies of 70 per cent based on PV, 30 per cent based on

BOD and 25 per cent based on COD have been reported (Abbott,1973). The
COD:N:P ratio in the combined flow to filters during the canning season
approximates 100:1,4:0,3. Nutrient deficiency is indicated when compared

with the ratio of 100 COD:5,2 N:0,86 P, accepted by Marais (1975).

Activated Sludge

Investigations into the use of activated sludge to treat cannery wastes
were initiated in the United States around 1930, and since then a few

pilot and full scale plants have been built. (Eckenfelder et al,1969).

Two trends are apparent in this method of treatment :

1



(1) treatment of cannery wastes alone, and

(ii) treatment of a mixture of cannery wastes and domestic sewage.

Irrespective of whether the cannery wastes were treated alone ar mixed
with domestic sewage it was found necessary to add a nitrogen and

phosphorus source.

Nemerow (1971) investigating the conventional activated sludge process

to treat cannery wastes alone abtained 50 to 9% per ent BOD reduction on
an influent BOD of 1 500 mg.L—1. (Hydraulic retention times of between
J and 5 hours and BOD loadings of 1,7 to 2,5 kg BOD.kg ML55—1.day~1);
However, no data is reported on the settleability of the mixed liquar

in the final settling tank.

Eckenfelder and Grich (1969), using pilot plant data, designed a full
scale activated sludge plant to treat cannery wastes. They employed a
high rate 'Contact 5Stabilization Process', This process differs fraom

the conventional activated sludge process in that the sludge drawn off
from the fimal settling tank undergoes a period of aeration in a separate
tank prior to being pumped back to the aeratiun tank. Tahle 2 indicates

the performance of the process.
From Table 2, the fallowing points are of interest :

(1) The biodegradable portion of the waste adsorbs very :éadiLy
onto the sludge. This is indicated by the relatively high
percentage BOD reductions achieved in the very short aeration

retention times.

(ii) Peach canning wastes are apparently not as readily treatable
as other cannery wastes. The percentége BOD reductions for the
peach waste in both the full scale plant and pilot plant are

considerably lower than for the other wastes.

Eckenfelder reported on the settleability cof the mixed liquor. The sludge

from the peach waste plant was dark brown in colour with a sludge volume |
Index (SVI) of 600 - 700 mL.g'1. (A well settling sludge has am SVI of
approximately 190 or less). It would seem therefore that from a practical

point of view the peach waste mixed ligquor wzs completely unsettleable.



TABLE 2 : PERFORMANCE OF HIGH RATE "CONTACT™

ACTIVATED SLUDGE PROCESS

FULL SCALE PLANT

Det. Time B(OE}“L;'%' Q, Utiliz. Suspended
(min) Raw o oop “’l oy (Ib/he/1000gal)|  Solids
Waste Bon |75 sludge)
(ppm) | "°
Aer. & Aer. B

Aer. Stab. Aer. Stab. Aer. Stab. Aer. Stab.
Tomato 48 96 | 412 | 850 | 2.82 | 1.0B | 1.05 | 2.05 | 2250 | 3600
Peach 8 Tomato 39 78 | 740 | 58.0 | 3.82 | 1.44 | 0.96 | 2.56 | 3600 | 5900
Tomato & Apple 60 120 | 492 | 89.7 | 2.42 [ 0.87 | 1.52 | 3.04 | 2500 | 4400
Apple 285 —— { 630 | 81.6 [256 | — | 338 | — | 2500 | —

PILOT PLANT

Tomata 2l 100 | 450 | 84.0 {i2.4 1.29 — | — | 2500 | 4500
Peach 30 140 {2240 | 64.3 |26.0 | 4.00 — | —— | 3000 | 5000
Apple 50 240 {1040 | 77.0 | 14.6 .86 | — | — | 2500 | 3500




Esvelt and Hart (1970) conducted an investigation into the treatment of
screened fruit cannery wastes. An aerated lagoon and an activated sludge

plant were operated in parallel. Table 3 indicates the results obtaiped :-

TABLE 3 : PERFORMANCE DF AERATED LAGOON AND ACTIVATED SLUDGE PROCESS

{after Esvelt and Hart, 1970)

Screened Waste Effluent

F low BOD COD BOD ' COD 55

m .d )(mg.L“1) (mg.L_1) (mg.1l ) (mg.L“1) (mg.1™ )

AERATED LAGOON
Pear processing |6 730 |2 080 2 870 460 1 D50 640

Peach processing|3 180 B6D 1 510 115 710 520

ACTIVATED SLUDGE

Peach processing| 3 180 A60 1 510 20 120 66
Pear processing |8 500 1 600 2 290 9 55 15
Apple processing| 1 950 1 190 1 500 5 28 11

fFrom their paper the following further information is of interest :

(i) The activated sludge process sffected a 50 per cent COD
reduction at loadings of less than 0,4 kg COD. kg MLVSS-1.day—1.

(11) The aerated lagoon system effected a 60 - 70 per cent BOD

reduction with a hydraulic residence time of 4 days.

(iii) The effluent from the aerated lagoon consistently contained

-1 .
high concentrations (400 - 700 mg.l ') of suspended solids.

(iv) The excess activated sludge had a volatile content of 30
per cent and settled very poorly. SVI values ranged from
400 -~ 290 mL.g“‘I as the loading was reduced from 0,26 -~ 0,04
kg (:DD.kg"1 MLVSS.day—1. Filamentous organisms were
responsible for the high SVI values.

In the treatment of a mixture of cannery waste and domestic sewage,

Norgaard, Hicks and Reinsch (1967) performed pilot plant studies

10



at 5an Jose, California. They investigated both anaerobic digestiom and
activated sludge treatment. In the activated sludge studies, several

modifications to the process were investigated :

(i) Aerated lagoon treatmemt with final sedimentation but

without return of sludge.

(ii) Preliminary aeration aof the raw waste prior to treatment

in a "Contact stabilization" plant.

(iii) Primary sedimentation followed by treatment as in (ii)

above.
(iv) Canventional activated sludge treatment of the raw waste.
{v) Treatment as in (iv) above with occasional use of sludge

reaeration in an attempt to control bulking and to improve

settleability.

A plot of BOD loadings versus BOD removal efficiency isshown in Fig. 7
for all the modifications. The plots indicate that at the loadings
investigated, conventional activated sludge treatment gave the highest
BOD removals (see the curves mafked "Activated Sludge"). However,
comparing the activated sludge plots, the peach-pear waste again showed
significantly poorer results than the tomato-pear waste, This
corroborates the findings of Eckenfelder that peach waste appears to be

less amenable to treatment than other cannery wastes.

As a result af the studies above, Norgaara et al concentratsd their
efforts on the conventional activated sludge treatment of the cannery

wastes. [rom their paper the following further information is of interest

(1) The effect of load on the efficiency of the process is

illustrated in Fig.B8. The figure shows a plot of

efficiency versus sludge loading rate (1lb BOD.100 1b MLSS“1.day-1.).
Below a loading of 50 1b BDD.*IDDLbMLSS“1.day“1 the efficiency of the
plant was practically steady at 95 per cent. Above this loading the

efficiency reduced progressively.

|
(ii) SVI values ranged from 170 to 670 ml.g . Filamentous

organisms were found to be responsible for the bulking

sludge.
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(iii) Sludge ages employed throughout the investigations varied

from 1 to 4 days.
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It is clear from the results that the sludge in general was of poor
settleability. The sludge ages were very short; unfortumately from
the data it is not possible to ascertain whether poor settleability
was encountered at the shortest or the longest sludge ages. At the
short sludge ages employed, the sludge wasted will be very active and

additional treatment of the sludge would be required.

From the literature survey, the foLLowing conclusions can be made :

(1) The poor BOD and COD removals, as opposed to the high PV
removal, obtained over the filters at the Pa..rl sewage

works indicates that the PV can be very misleading.

(ii) Cannery wastes are amendable to treatment by the activated

sludge process.

(iii) The conventional activated sludge system is preferable to the

'contact' system.



(iv)  Loading rates must be lower than 0,5 kg BOD.kg MLSS-1.daym1
to attain high BOD removals, i.e. sludge ages of more than 3

days.

(v) 5ludge bulking is an ever present problem, probably due
to a deficiency of nitrogen and phosphorus in the waste.

: -1
Generally 5VI values greater than 170 ml.g can be expected.

(vi) Peach wastes have a marked adverse effect on the performance

of the plant.

No Literature'cauLd be found on the use aof the éctivated sludge process
as a form of "secondary" treatment for a mixture cf cannery wastes anrd
dnmestié sewage, It is possible that once the waste has undergone
primary binlogical treatement that the problems encountered in the
treatement of the raw waste may be less in evidence. fong sludge ages
may also reduce the problem of bulking of the sludge as the nutrient

demand is less,

NUTRIENT BALANCE &rD ADDITION

For optimum microbial growth certain nutrient elements, notably nitrogen
and phosphorus are required - nitrogen, to form cell protein and
phosphorus, an important constituent of the enerdy reactions within the
cell, While domestic sewage contains an excess of nitrogen and phosphorus,
many industrial wastes particuarly cannery wastes are deficient in these
nutrients. To attain a nutritional balance, it is éommon practice to mix
industrial wastes and domestic sewage prior to biological treatment., A
deficiency of these elements leads to a reduction in the BOD (or COD)
removal efficiency and gives rise to sludges with poor settling and

filtration characteristics.

There are two comman parameters in terms of which nutrienmt balance or

deficiency is evaluated :

(i) Nitrogen and Phosphorus content of valatile portion of sludge

A healthy activated sludge contains approximately 12 per cent
nitrogen and 2 per cent phosphorus in its volatile fraction.
(Helmers et al, 1952). However, these values can decrease;

Helmers et al found that the percentage nitrogen decreases as

13



the amount of available N’per unit of BOD (COD) decreases.
They suggested that a minimum of 7 per cent nitrogen should
be present in the volatile fraction of the sLudge to maintain
desirable qualities. Thus a check of the nutrient content of
the volatile portion of th & sludge will indicate whether

there is in fact a nutrient deficiency in the system.

(ii)  BOD:N:P ratio

According to Watson (1971), for optimum microbial growth,
the BOD:N:P in the liquid phase of the influent should be
100:5:1. No mention was made of the effect of sludge age
or whether the ratio referred to synthesis requirements

only.

Haltrich (1965) showed that the BOD:;N:P ratic required for
optimum purification was dependent upon the BOD loading,
i.e. the sludge age. Haltrich further showed that the ratio
of 100:5:1 was the optimum for a sludge age of 3 days. The
nitrogen and phosphorus requirements increased as the sludge

age decreased,

Sachs and Sheets (1967), using a Warburg Constant-Volume
Respirometer indicated that the BOD:N:P ratio varied from
100:2,%:0,27 to 100:0,95:0,25 as the sludge 'aged'.

- According to Marais (1975), assuming a yield of 0,43 mg
VSS.mg_1CDD removal, the ratio of COD:N:P for synthesis
only approximates to 100:5,2:0,86 (using'the N and P
contents of the SLudge as 12 and 2 per cent respectively).
Assuming COD », 1,8B0D, the corresponding BOD:N:P: ratio

approximates to 100:9,4:1,5.

Marais further showed that the N and P requirements are
reduced as the sludge age increase, i.e. as the nett sludge

generated decreaseas.

The nutrient requirements for a given sludge age may be calculated from

Eqs.B and 9.

Fig. .9 shows the effect of sludge age on the nutrient requirements. It

14
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is evident that both the N and P requirements are reauced by approximately

65 per cent as the sludge age is increased from 1 to 30 days.

Availability of Nitrogen and Phosphorus

Nitrogen :

Nitrogem inm the inorgamic form (NHZ) is 100 per cent available, whereas

organic nitrogen is only partially available for sludge growth {Watson,1971).

The availability of organic nitrogen varies from 20 per cent with some
industrial wastes up to 77 per cent with domestic sewage (Helmers et al,
1952). Watson found that supplementary nitrogen should preferably be in

the ammonium form, e.g. ammonium sulphate.

Urea, an organic nitrogen compound, is widely used as a nitrogen source.
In the light of Watson's findings, a comparison between urea and ammonium
sulphate should be of considerable practical value especially as the costs

are very similar.

Phosphorus :
Phosphorus in the ortho-phosphate form (PDA) is approximately 100 per cent

available (Watson 1971). Supplementary phasphorus should take this Farm.r

THEORY OF COMPLETELY MIXED ACTIVATED SLUDGE {CMAS) SYSTEMS

A typical layout of a CMAS system is shown in Fig. 10.

Marais (1973) performed material balances on the systems and derived

equations relevant to the activated sludge system.

(a) SLUDGE COMPOSITION s

The mixed ligquor suspended solids (MLSS) in a CMAS resctor

.consists aof a VDLatiLe fraction, known as the Mixed Liquor
Volatile Suspended Solids (MLVSS) and an Inmert Inorganic

Fraction.

The volatile mass in the resctor, Xv, consits of various

fractions, i.e.
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where

where

where

Xv = Xav + Xe + Xio (1)
Xav = active mass, measured as VSS

Xe = endogenous mass, measured as VSS

Xio = inert organic mass, measured as VSS

The MLSS (Xt) is usually expressed as :

Xt
B

Xv/B (2}
Volatile fraction (Xv/Xt)

The equations for the individual fractions are :

(i)  Active Mass, Xav

Xav = Y.(Si-S) = Rs . (3)
1+b.Rs R
Y = Yield constant (mgVS$S/mg COD removed)
b = Endogenous mass loss rate constant (day_1)
Rs = Sludge Age (days) defined by : Mass of slidge in reactor

Mass wasted/day

(The other symbols are explained in Fig. 10).

where

(idi) Endogenous Mass, Xe

Xe = 0,2b.Xav.Rs/R (4)

(iii) Ipert Organic Mass, Xio

Xio = Xioi.Rs/R : {59

Xio is the influent imert organic concentration.

SLUDGE MASS

The waste to be investigated has undergone primary settlement,
biological filtration and secondary settlement. The organic
solids in this waste are assumed to be completely solubilized
and utilised as substrate by the organisms in the activated

sludge.

Eq.{1) then reduces to :

Xv MLVSS = Xav + Xe

Substituting Egs. (3) and (4), this reduces to :

Y.(Si - S).Rs ‘ '
Xv = f _ (6)
v Teb.Rs B¢ +0,2b.Re) |

16



(c)

(d)

-
—_

Assuming that the volatile fraction (i.e. XQ/Xt) = B, the MLSS

is :=-

vt - Y.(5i- S).Rs
B 1+b.Rs R

(140,2bRs) (7

NUTRIENT REQUIREMENTS

The required nitrogen and phosphorus concentrations in the

influent are clearly related to the N and P contents of the

sludge wasted to maintain a certain sludge age.

ie. QAN = fﬂ;éx;l and Q.OP = ,fg.;v.v
S s -

where fn, fp are the fractions of N and P with respect to
the volatile portion of the wasted sludge, and AN, Ap, are the
changes in N and P concentrations (mg.L_1). Substituting Eq.6

for Xv, and simplifying

by _ fn.Y.(Si-85).(1 + 0,2 bRs) : (8)
1 + bRs
Ap . fp.Y.{(5i - 5).(1 + 0,2 bRs)
= (9)
1 + bRs

OXYGEN DEMAND

Oxygen is required by the organisms to synthesise new cell
material and to endogenously respire, The total oxygen

demand is the sum of the "carbonaceous" oxygen demand :

' -1 -1 5i-5 Xv

. . = 222 -1 42 L2 10
Dng 1 day = s o (10)
and the "nitrification" oxygen demand :
0, mg.L_1.day-1 = 4,6 {Lﬂiﬁﬂsl. - 0,12 éﬁ] (11)

where Ni

NH,-N in influent (mg.L—1)
NH,-N in effluent (mg.L—1)

=
@
1l

, Total,mg.l” .day™ | = §§:§.- 1,42 %é N A,s[iﬂiﬁﬂiL - 0,122

i.e. 0

=]
(12)

where nitrification is absent, the total oxygen demand is

represented by Eq. (10).



(®)
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EFFLUENT QUALITY

The Chemical Oxygen Demand (COD) in the effluent from an

activated sludge works consists of three fractions :

(i) Soluble Unbiodegradable, Sub,
A fraction of the influent COD is unbiodegradable, the

magnitude of the fraction depending on the constituents
contributing towards the COD. A Textile waste is approx-
imately 50 per cent unbiodegradable (Marais et _al, 1974)

while domestic sewage is 10 per cent (Marais, 1973).

i.e. Sub = f.Si (13)

(ii) Soluble ummetabolized, S.

This fraction is dependent on the sludge age (Marais, 1973).

i.e. 1 - Y.K.S.-b (14)
Rs

where K = substrate conversion rate (mg.]71.day—1)

(iii) Effluent suspended solids COD.

1 mg VSS is equivalent to 1,42 mg COD (Marais, 1973). The
COD contributed by the suspended solids in the effluent is :

COD = 1,42 Xef (15)
where Xef = VS5 in the effluent.
After filtration or centrifuging, the effluent COD is repre-
sented by Egs. (13) and (14) :

i.e. Eff.COD = S + Sub. (16)

CONSTANTS
The constants, Y, b and K used in the above equations are

(i) VYield Constant, Y, and Endogenous Mass Loss Rate
Constant, b.

The yield constant is defined as

dX1 = Y.dS (17)

where X1 is the massof biological sludge synthesized. The nett
yield of sludge per day is influenced by the synthesis of new

active mass, endogenous mass loss, endogenous residue and inert



materials in the influent, This nett yield is not a constant,

but is dependent on the sludge age.

The endogenous mass loss rate constant,b, indicates the fraction
of the organisms' mass in the reactor that disappears everyday
by endogenous respiration. Twenty per cent of the live

organism mass that disappears per se remains as inert endogenous
residue, Marais (1974) reports values of Y and b as 0,43 mg VSS.
1

- -1 »
mg COD removed and 0,24 day respectively for a settled domestic

. sewage.

(ii) Substrate Conversion Rate, K.

Marais (1975) reports a K value of 0,070 mg.L—“.dayw1 for a -

settled domestic sewage.

The value of K decreases as the industrial waste content of

the total waste flow increases {Marais,1973).
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CHAPTER 3,

THE ACTIVATED SLUDGE SYSTEM AS A FORM OF SECONDARY BIODLOGICAL
TREATMENT - EXPERIMENTAL INVESTIGATION

OBJECTIVES
The specific objectives of the experimental investigation were :

(1) To determine the suitability of the activated sludge

system as a form of secondary biological treatment.

(i1) To evaluate the kinetic constants for the activated

sludge system.

EXPERIMENTAL EQUIPMENT

Four units were operated as completely mixed activated sludge units.
As it was anticipated that problems with sludge bulking may arise due
to filamentous growths, a modified CMAS unit was also put into aper-
ation : an anaerobic reactdr was positioned ahead of the aeration tank
and received the feed and recycled under flow from the settling tank.
Filamentous organisms are obligate aerobes (MecKinney, 1962;3: it was
conjectured that during the residence in the anaerobic reactor the
feed should be preferentially absorbed into the faculative organisms,

thus restricting the growth of the filamentous organisms.

(a) Conventional CMAS units

The units are shown in Figs. 11 and 12. Each unit consists
of :
(i) an aeration tank, constructed out of perspex,

haviﬁg a volume of 2 BAD ml.

(ii) a settling tank for solid-ligquor separastion of the
mixed ligquor from the aeration tank. It was
constructed from an inverted glass cone of 1 000 ml
capacity. The sides of the cone were sweptchean

of adherring sludge by wipers rotating at 1/3 rpm.

The feed rate was controlled by intermittent pumping .
using a Gorman-~Rupp diaphragm pump, the pump cycle

being controlled by an electronic timer. Recycle of

the sludge from the settling tank was also controlled

by the same pump cycle as the feed pumps, the recycle



ratioc being approximately one,

Compressed air was distributed evenly throughout
the mixed liquor by a perspex sparger, the position
of which was varied until optimum mixing in the

aeration tank was obtained.
The daily feed to each unit was pumped from plastic
buckets in an open refrigerator, controlled at ADOC

(see Fig. 13).

(b) CMAS with anaercbic pretreatment

The set up is shown in Figs. 14 and 15. The anaercbic
reactor consisted of a perspex cylinder, 200 mm in diameter
and 600 mm high with air-tight joints. The volume of mixed
liquor in the reactor could be set by raising or lowering
the outlet of the reactor. The aeratign tank, alsoc con-
structed out of perspex, had a volume of 12 400 ml. {See
Fig. 13). vSoLid liquid separation was achieved in an
inclined perspex cylinder of similar dimensions as the

anaercbic reactor.

The feed and settled sludge recycle rates were controlled

by intermittent pumping, as in the CMAS units.

Aeration was by compressed air evenly distributed throughout
the mixed liquor by a perspex sparger. Ailr sparging resulted
in inadequate mixing and was augmented by installing a

mechanical mixer.

EXPERIMENTAL PROCEDURE

Effluent Collection

Effluent from the Paarl sewage works was collected in a 200 gallon
(0,9 m3) tanker, seven batches being collected between the 1st

Fébruary and the 10th April, 1974.

The batches were collected from the same point after settlement of the

humus tanks at the intake to the recirculation sump (see Fig. 16.)
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At the laboratory, the contents were stored in two stainless steel

tanks in a cold room at ADC,
The analyses of the first six batches are listed in Table 4.

TABLE 4 : BATCH ANALYSIS

Date of Batch Tank

Feed No. No. | cop | Tk | MaN | P&PE 4
1/2/1974 1 361 3,5 - 4,8 -
to 15/2/1974 1 2 93 | 12,0 - 5,6 5,8
16/2/ 74
to 20/2/1974 2 1 1040 | 24,5 4,5 7,8 5,6
21/2/1974 1 1446 | 20,4 6,9 9,4 6,0
to 7/3/1974 3 2 1206 | 23,2 3,4 - -
8/3/1974 1 1400 | 51,7 27,4 8,9 5,6
to 25/3/1974 4 2 1360 | 52,3 - 8,0
26/3/1974
to 28/3/1974 S 2 266 - - - 6,0
29/3/1974 1 1202 | 29,7 7,0 5,8 6,6
to 9/4/1974 6 2 1160 | 28,0 - 5,6

With the exception of Batches 1 and 5, the COD of the effluent was
between 1 200 and 1 400 mg.L—1.

The concentration im Batch 1 was low due to dilution water being inadvert-
ently introduced into the tanker. Batch 5 was collected on a Monday when

the canneries had not operated over the weekend.

The storage tanks were tharoughly mixed prior to withdrawing the daily

feed quantity, The daily feed guantity, before being fed teo the units,
was diluted to a COD of {1 000 mg. i

Operating Procedures for the CMAS units

The hydraulic retention times (R) and sludge ages (Rs) in the reactors

were fixed initially as follows :

23
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Hydraulic Sludge
Unit Ret. Time (R) Age (Rs)
hr. days
A 8 5
B 8 5
C #g 10
D 24 20
E (Anaerobic pre-
treatment 8 5

# The value of R in Unit C was changed to 16 hr on March 11th {(Day 39).

In the anaerobic reactor of Unit E (R = 8 hr, Rs = 5 d) the 'mominal'
retention time was varied between 0,5 and 1,0 hr as base flow, an

'actual' retention time of 0,25 to 0,5 hr based on the actual flow.

Sludge ages were set by removing and wasting the specific volume of
reactor mixed liquor per day. For example, if a sludge age of 10 days

is required in a reactor of 2 840 ml capacity. 284 ml of the mixed liquor
must be removed and wasted each day. At the longer sludge ages

(10 to 20 days) this was achieved by removing the required volume once
per day. At the shorter sludge ages, this procedure caused fluctuations
in process behaviour and pumping of mixed liquor from the reactor at

preset intervals of about an hour was used.

No attempt was made to control the sludge concentration in the reactor
directly. The effluent feed rate and sludge age for each unit was set
and the sludge concentration allowed to attain its own steady state

value.,

In order to obtain consistent data, the laboratory scale units have to

be operated under 'steady-state' conditions. Steady state was assumed

to be established after a period of two sludge ages had passed under each
feed rate. For long sludge ages (20 days), steady state was assumed to

be established after one sludge age had passed.

Air flow to the reactors was set to maintain a dissolved oxygen concen-
tration of 2 to 4 mg.L—1. In some units, this air flow rate was

insufficient to keep the reactor contents fully mixed; the air flows
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to these units were increased with a consequent rise in the dissolved

oxygen concentration to about 6 mg.1:1.

The ambjent air temperature in the laboratory was kept constant at 20°c.
Temperatures in the CMAS reactors varied according to the feed rates of
cold sewage and to the air-flow through the reactor but ranged between

17°C and 20°C.

Nutrient baLance and addition

Table 5 shows the COD ¢ TKN : PO
feed,

4-P ratio for the first six batches of

It was shown earlier that at low sludge ages a ratio of 100 COD : 5,2N : 0,86P
should be maintained, Comparimg this ratio with the data in Table 5,
indicates that all the batches had insufficient nitrogen and only one

batch (No.1) showed sufficient phosphorus.

TABLE 5 : COD : TKN : PDA—P RATIOS FOR INFLUENT WASTE

RATIO
Batch Tank
No. No. CoD TKN PO, -P
1 1 100 2,6 1,30
2 100 3,1 -
2 1 100 2,4 0,75
3 1 100 1,4 0,66
2 100 1,9 -
4 1 100 3,7 0,64
2 100 3,8 0,59
5 1 - - -
6 1 100 2,5 0,48
2

To compare the influenceof an increased nitrogen concentration on the
process, a COD : TKN ratioc of 100 : 4 was maintained throughout the
investigation in Unit B (R = hr,Rs = 5 d). Sufficient urea (CD(NHZ)Z)’
an organic nitrogen compound containing approximately 50 per cent w/w
nitrogen, was added to the feed of this unit to maintain the desired

ratio,
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The phosphorus content of the batches was cansidered sufficient, no

supplementary phosphorus being required.

ANALYTICAL PROCEDURE

Feed Batches

The feed batches were analysed as soon as possible after arrival for :

Total chemical oxygen demand (COD) mg.l,-1
Tatal Kjeldahl nitrogen (TKN) mg. 1"
Free and saline ammonia (NH,-N) mg.L—1
pH

At least 10 replicate determinations of COD and TKN were made on each
batch sample. The distribution of each set of data was tested
graphically for normality. If the data were normally distributed the
means were accepted as the best measure of the sample strength. If the
data were not normally distributed, the set was discarded and anather

set tested and analysed.

Total Phosphorus (PD4 ~P) determinations were performed on filtered

samples from each batch.

CMAS Units
The follawing tests were performed twice a week on average :

(a) Aeration Tank Contents

Temperature DC

pH

Mixed liquor suspended solids (MLSS) mg.'ll-1

Mixed liquor volatile suspended solids (MLVSS) mg.L“1
Settling tests

Sludge volume index (SVI) ml,.g-'1

TKN in mixed liquor volatile suspended solids mg.l,-'1
Dissolved oxygen (DO) mg.L_1
Oxygen consumption rate mg.L—1.day—1

(b} Effluents

Analyses were performed on filtered samples using a

Buchner funnel :



-1
Chemical oxygen demand (COD) mg.V
Total Kjeldahl nitrogen (TKN) mg.'l,'-1

Free and saline ammonia (NH. =N) mg.'l,-1

3

Periodically the following tests were performed on the filtered effluent :

Permanganate Value (PV) mt_:j.'l;-1
Total phosphorus (PD4 -P) mg.'l,_1
Nitrite and Nitrate nitrogen (NUZ-N,NDa-N) mg.L“1

The references describing the methods of analysis adopted are listed

in Appendix 1.

The Dxygen consumption rate was measured as follows : a one litre
narrow necked bottle was filled with mixed liquor from the aeration

tank and stirred magnetically. The contents of the bottle were aerated
with pure oxygen up to a dissolved oxygen concentration of approximately

10 mg.L-1.

A Yellow Springs oxygen probe was inserted into the bottle and the

average concentration recorded on a Beckman recorder. When the next

feed cycle took place to the reactor, a volume of feed proportional to the
volume of the bottle was added to give the same rate of feed as for the
reactor. The decrease in dissolved oxygen concentration over the cycle
time constitutes an experimental estimate of the rate of oxygen utiliz-
ation., From the dissolved oxygen time graph drawn by the recorder the
oxygen consumption rate was calculated, expressed as mg.L—1.day-1.

(See Fig. 17 for a typical dissolved oxygen - time plot).
The sludge from each unit was frequently examined under a microscope.
These microscopic examinations enabled a close check to be kept on the

character of the sludge.

EXPERIMENTAL RESULTS

The routine measurements recorded during the peripd of investigation

are represented graphically in Figs. 18 and 19. For convenience, the
plots are so drawn that each variable is easily compared. Trends may be
followed more easily in a“graphicaL display than if the results are

tabulated. Day 1 corresponds to the 1st February, 1974.
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Filtered EffLuent Quality

The effluent qualities from Units A (R = Bhr, Rs = 5d), B (R = Bhr, Rs = 5d);
C (R = 16hr, Rs = 10d) and D (R = 24hr, Rs = 20d) appear to be similar

(see Fig. 18). In Unit E (R = Bhr, Rs = Sd; An) breakdown of the sludge
recycle pump resulted in periodic sludge accumulation in the settling

tank. The sludge turned anaercbic and was the cause of the high

effluent CODs recorded during the first 37 days. When this problem was
rectified, the effluent quality followed much the same trend as from the

other units.

Initially Unit C was operated with a hydraulic retention time of 8 hours
and a.sludge age of 10 days. This resulted in such high sludge concen-
trations in tha‘reactor that the settling tank was inadequate to cope
with the solids~liquid separation. To reduce this problem, the wvalue

of R was increased ta 16 hours, by reducing the feed rate, but the

sludge age was maintained at 10 days.

The effluent COD data from Unit C was divided into two groups - those
collected before and those collected after the value of R was changed.
Statistical anéLysis'of each group,by plotting on cumulative percentage
probability paper, indicated that the data was normally distributed

with mean COD values of 190 .and 125 mg.L"1 respectively.  {See Fig.20).
A statisitical test showed that the difference in the mean values was
‘not significant at the 4 per cemt level. 0One can conclude that the
effluent quality was independent of the hydraulic retention time. This
confirms the predictions of Eq. (14). It is now valid to consolidate
all the data from Unit C and a statistical analysis is shown in Fig. 20.

The data is normally distributed with a mean value of 148 mg.L—1.

Figs. 21 and 22 show the statistical distribution plots of the effluent
COD for Units A, B, D and E. ' '

A summary of the mean effluent qualities from all the units is as follows :

Unit A B c D E
Rs (d) 5 5 10 20 5
- ¥*
COD(mg. 1 ) 151(+30) 140(426) (148(+39) | 128(+26) 145(441)
PV (mg.1"") 14 11 13 10 14
(*96 per cent confidence interval).
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Solids Concentration in the reactors {MLSS and MLVSS)

The variation of the MLSS in the reactors in shown in Fig. 18,

Bulking of the sludge in units A (R = 8hr, Rs = 5d) and B (R = Bhr,
Rs = 5d) occurred on day 35. This resulted in excessive solids carry
over in the fimal effluent. In Unit £ (R = 8hr, Rs = 5d, An) the
dispersed nature of the sludge also resulted in solids carry over in

the final effluent.

In both instances when excessive solids carry over occurred the final
effluents were poured into contaimers and settled for a day. The
supernatants were then decanted and the sludge poured back into the
reactors. However, the settling of the sludge sometimes was so poor
that sufficient separation was not obtained, resulting in a decLihe

in the MLSS concentration in the respective reactor.

Statistical average values of the MLYSS and MLSS for the different units
is shown in Figs. 23A, B, C, D and E.

A summary of the solids concentration data is as follows :

Unit A B C D E
Rs (d) 5 5 10 20 5
MLSS(Xv) (mg.1™ 1) |2900(+340) [3520(4234) | 2540(+367) |2840 (+259) | 2700 (+205)

MLVSS(Xt)(mg.L“1) 2540(+309) [3140(+159)| 2200(+£333) |2386(4240){2380(2116)
xv.xt~! 0,88 0,89 0,87 0,84 0,88

Settling Characteristics

The variation of the sludge volume index (SVI) for the five units is
shown in Fig. 19. The SVI for Unit D (R = 24hr, Rs = 20d) was usually
below 100 mL.g-1. The SVI values for Units A (R = Bhr, Rs = 5d),

B (R = 8hr, Rs = 5d) and C (R = 16hr, Rs = 10d) were generally in the
range 300 to 400 mL.g—1. Units A and B peaked at an VI value of

750 mL.g’1 on day 46, The SVI values for Unit E (R = Bhr, Rs = 5d,An)

. -1
varied erratically,varying from 100 to 600 ml.g .

The high SVI values indicated that the mixed liquors had very poor settling

properties, This was substantiated by the performance of the settling



vV 1lINA NI SNOLLVHINIONOD SaI0S 40 SNOLLNgidisIg AlMigvE0Hd TWWHON Vv €2 3dNold

G=s4'8:=4 ¥ LNN
(;-3'6w) SNOILVHINIONOD SSATA
00GE 000g 00S§2 0002 006!

(-2 Bw) SNOILYHLIN3ONOD SSTW
0062

00s¢

000¢e

o000z

! | I o |

(«~1Bw 0bS2

.

|- Bu 0062

_

NVHL SS37 4O TvnO3 ALIM8vAO¥d 39VLN3IDH3d

006!
|
e 4
-1 01
i O2
—tOF
0%
—-10S
“o09
-—i04
--408
—t06
-1 G6
186

66



@ LINN NI SNOILYMIN3IONOD SAIM0S 40  SNOILNGIMISIQ ALIIGvEOMd 1yWHON . 8 €2 3unoid
€= ‘8 =4 :8 LINN
(1= bw) SNOILVHMINIONOD SSATIN { 1-2°6w) SNOILVYINIONOD SSTW

000% 0OSE 000€ 0082 000 00S€ Q00E 00532

_ T _ | ] | ] _

-7 6w obiE

ot

02

ov

0%

08

oL

08

G6

86

66

NVHL S$S37 HO vND3 AliTiav80dd 3JOVINIDHId



oosg

O LlINN NI

(1-2 - bw) SNOILVHLNIONOD SSATW

00o0¢

oose

SNOILVHLN3ONOD SaI70S 40

0002

(Ol=84"'9l =4)

00s!

SNOILLNEIYLSIa ALITiEavg0dd TVINHON

O 1NN

00se

'd g2 9ld

(;—2 - Bw) SNOILYHIN3IONOD SSTIN
0002

ooog

oose

oosl

|

|

ol

07
oe

ot

09

oL

o8

06

G6

86

66

NVHL SS37 HO vND3 ALIIGVEONd 39VINIONI




Q@ L1INN NI SNOILVHIN3ONOD SAaIN0S 40 SNOILNGI™LSIA ALITiavaodd TYWHON : g €2 34N9id
(02 =su ‘b2 =¥) G LINN

(| <36w) SNOILVHMINIONOD SSATW _ (12 6w) SNOILVHMINIONOD SSTIN

oose 000¢ 00se 0002 oost 000V oose 000¢ 00§22 0002

_ I _ _ _ | _ _ _ _ _

-3 Bw 082

oe

(614

0S

09

0L

08

G6

66

NYHL SS37 40 wND3 ALINgGvEOdd 3JOVLIN3ION3d

86



3 LINN NI SNOILVHMLN3ONOD SAIN0S 40 SNOILNAINLISIA ALINIGYE0Nd WWHON © 3 €2 38n9id

{{~3 6w) SNOILVYINIINOD SSATW

ooge

000% 0o04e

0002

(Nv 'g=sd'8=¥) 3 LNA

{ -7 6w) SNOLIVMLINIONOD SSTW

oose 000¢ 0082 000¢

T

1

|~3 bw osgz |

| _ ] |

j-1 Dw 0042

—dt02d

66

NVHL SSI1 8O WwND3 ALINBYEONd 3OVIN3IOM3d



30

tanks. Whenever the SVI exceeded about 300 m'l,.g—1 the tank was

inadequate in size to cope with the solid-liquid separation.

Frequent microscopic examinations were made of the sludges in the various
reactors over the period of the investigation. These showed certain

characteristic features :

(1) When high SVI values were obtained in Units A, B
and C the cause invariably was the presence of fil-
amentous organisms. A microscopic photograph of a
bulking sludge is shown in Fig 24, indicating the

predominance of filamentous organisms.

(ii) The sludge from Unit D (R = 24 hr, Rs = 20d) was devoid
of filamentous organisms. (See Figs. 25 and 26), and
throughout the period of investigation gave low SVI

values and good settling characteristics.

(1ii) In Unit € (R = 8hr, Rs = 5d,.An) the high initial SVI
values were not due to the filamentous organisms
observed in Umits A, B and C. The sludge particles
appeared to be dispersed having a 'spikey' appearance
(See Fig.27). The organisms also did not show any
tendency towards flocculating into masses. It was
thought that the dispersed mature was due to excessively
long residence times in the anaerobic reactor. In an
attempt to improve the situation the residence time
was reduced from 0,50 to 0,25 hours based on actual
flow. This step did result in a temporary improvement
of the SVI (100 mL.g‘1), but a week later a prolific
growth of filamentous organisms made its appearance.

This growth resulted in the high SVI of 600 ml,.g'1

being recorded on day 67.

It would appear that the installation of an anaerobic
reactor preceeding the main reactor did control the
growth of the filamentous organisms observed in the
conventional CMAS units., However the organisms which
developed were also of a mature which inhibited liquid-

solid separation though the effect was not as marked as
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when filamentous organisms were present.

BR

The variation of the pH in each of the five reactors is shown in Fig.19.
There was no apparent decrease in pH as the sludge age increased from

5 to 20 days. The fact that there was no drop in pH, and zero nitrite
or nitrate nitrogen was measured in the effluent, confirms that nitrif-

ication did mnot occur.

Nitrogen and Phosphorus concentrations

The variations in TKN, NH3—N (both in the effluent) and TKN in the
sludge are shown in Fig. 19. The average values of the TKN and NH3-N
concentrations, together with the average TKN content of the sludges,

are shown in Table 6.

TABLE 6 : NITROGEN BALANCE

Unit A B C D E
Rs (days) 5 5 10 20 5
R (hz.) y 8 8 16 24 8
Xv (mg.l ) 2540 3140 2200 2386 2380
(1) Eff TKN (mg.L‘1) 5,2 6,4 4,8 5,8 9,7
EFf NH3-N(mg.L_1) 0,4 4,7 3,2 1,7 3,7
TKN in sludge (%) 10,8 11,8 9,7 9,7 10,5
(2) (%N) .Xv.R.Rs™1 | 18,3 24,7 14,2 11,6 16,7
TOTAL: (1+42) 23,5 31,1 19,0 17,4 26,4
FEED TKN (mg.1” ) 22,2 40,0 22,2 22,2 22,2
Unaccounted -1,3 8,9 3,2 4,8 4,2

The average TKN concentration in the feed to all the units, with the
exception of Unit B was 22,2 mg.L_1. (The NH =N fraction of this
figure was 7,8 mg.L-1). The TKN in the feed to Unit B to which urea

was added, was constant at 40 mg.L_1.

The sum of the TKN concentration inthe effluents and the TKN concentration
accounted for in the volume of sludge wasted from each unit every day
((%N).XV.R/RS) are shownin Table 6. It can be seen that, considering
the possibility of NH3-N stripping occurring, the balance is generally

good.



It is of interest to note that no nitrification was observed - even
This is a result of the very low

(For Rs = 20 days

at the sludge age of 20 days.
NH3-N concentrations in contact with the organisms.

the NH_~N concentration was 1,7 mg.L-1).

3
Total Phosphorus (PD4-P) concentrations in the effluents from the units
were periodically measured., The concentrations varied from 1,0 to

3,5 mg.L-—1 as the sludge age increased from 5 to 20 days.

A phosphorus balance is shown in Table 7. As PD4-P concentrations in

the sludge were not determined, the literature value of 2 per cent (page13d)
was used for the purpose of completing the phosphorus balance. It can
be seen that, with the literature value of 2 per cent P, the balance is

acceptable.

TABLE 7 : PHOSPHORUS BALANCE

Unit A B C D E
Rs days 5 5 10 20 5
R (hr) 8 8 16 24 8
Xv (mg.L-1) 2540 3140 | 2200 2386 | 2380
(1)Eff.PD4-P(mg.L'1) 1,2 1,3 2,1 3,3 1,2
(2)0,02xV.R.Rs'1 3,4 4,2 2,9 2,4 3,2
TOTAL (1 + 2) 4,6 5,5 5,0 5,7 4,4
FEED PO,-P 5,9 | 5,9 5,9 5,9 5,9

Table 8 compares the COD:N:P ratios observed from the performance of the
units. It is of interest to note'that both the nitrogen and phosphoxrus
requirements decreased as the sludge age increased from 5 to 20 days -

confirming the predictions on page

TABLE B8 : COD:N:P RATIOS

Unit Rs (d) COD Removed ¢ N : P
A 5 100:2,0:0,6

B 5 100:3,9:0,5%

E 5 100:1,5:0, 53

C 10 100:2,0:0,45

D 20 100:1,9:0,30

# Urea added to feed.

32
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Oxvgen Reguirements

The oxygen consumption rate tests were initiated on day 28. The values

obtained are shown in Fig, 28.

The 'steady state' in Units A (R = 8hr, Rs = 5d) and B (R = Bhr, Rs = 5d)
was upset on day 42. -This results in three values only being averaged
to represent an approximate value for the oxygen consumption rate of the

two units,

The oxygen consumption rates in Units C (R = 16hxr, Rs = 10d),
D (R = 24hr, Rs = 20d) and E (R = 8hr, Rs = 5d, An) were approximated

by four, six and three values respectively.

Although more results would have been preferable, the approximate results
for the five units will enable an acceptable comparison to be made with

the theoretical predictions,

A summary of the average oxygen consumption rates from all the units is

as follows :

Unit A B C D E
Rs (d) 5 5 10 20 5
R (hr) 8 8 16 24 8

02 (mg.L_1.d_

)

1580

1691

871

693

1240







Summary of experimental results

A B c D E

Rs (d) 3 5 10 20 5
R (hr) 8 B 16 24 8
Inf.COD(mg.1" 1) [1000 1000 1000 | 1000 1000
Eff.COD(mg.L—1) 131 140 148 128 145
MLSS (mg,L-1) 2900 3520 2540 2840 2700
MLVSS (mg.1™1)  [2540 3140 2200 | 2386 2380
MLVSS/MLSS 0,88 0,89 0,87 | 0,84 0,88
As,xv~ 1R (1) |1,00 0,82 0,58 | 0,37 1,08
sixt~ LR i1y [1,00 0,86 0,59 | 0,35 1,12
5i.R"" (iii) [3,0 3,0 1,5 1,0 3,0

Uz(mg.L_1,day-1) 1580 1691 871 693 1240

NOTE: (i) The parameter AS.XV-1.R-1 is the sludge utilization

1, -

ratey (SUR), measured as kg COD removed.kgMLVSS_ . day

(ii) The parameter Si.Xt—1.R—1 is the 'sludge loading rate'
-1 -1
(SLR), measured as kg COD applied. kg MLSS .day .

This parameter is most commonly uszd.

(iii) The parameter Si.R-1 is the 'Volumetric COD Loading'
measured as kg COD applied. m-3 reactor volume. day_1.
Assuming a COD : BOD ratio of 2,300 :1 the values cf
3,0 and 1,0 kg COD.mua.day—1 correspond to 75 and
25 b BOD.1000 ft-. These values fall in the
range investigated by Norgaard et_al, (1967) -
see Fig.T7. '

34
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Determination of the Yield Comstant, Y.

The 5ludge Utilization Rate (SUR), tabulated abave, is in terms of the
MLVSS. To express the SUR in terms of the tactive volatile solids' (Xav)

the follawing relationship is used (Marais, 1973):

Xv = Xav (1 + 0,2.b.Rs) (18)

It follows that :

S 1+b.Rs
SUR = = Jxb.Rs
v R. Xav Y.Rs.
i.e. 1 - Y.SURav - b
Rs
or 1 = Y.SURv (1+0,2b.Rs)-b (19)
Rs

In order to solve for Y, the assumption that b = 0,24 day'1 at 20°C is

made. This value has been experimentally verified by Marais, (1374),.
Fig. 29 shows the plot of 1/Rs versus SUR (140,2b.Rs)., The slope of
the resulting straight line through the data points approximates the

value of Y, and was calculated as 0,39 mg VSS.mg—1 COD removed.

Determination aof the Reaction Rate Constant, K.

A fundamental steady state equation for the CMAS system is :

S = K5 (20)
Xav.R

i.e. SURav = K5
or SURV (1+0,2b.Rs) = K5 (21

SURv (1+0,2b.Rs) versus 5 is shown plotted im Fig. 30. The slope of the
-1 -
line, defining the value of K, was calculated as 0,043 mg.l .day 1. The

intersection on the sbscissae represents the unbiodegradable (0D preseni in

the effluents.

-1 -1
This value of 120 mg.l , in a feed of 1 03JQ mg.l , indicates that

approximately 12 per cent of the waste from Paarl is unbiodegradable.
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.CDRRELATIDN BETWEEN EXPERIMENTAL RESULTS AND THEORETICAL PREDICTIONS.

The theoretical MLVSS concentrations, oxygen consumption rates and effluent
qualities were calculated from Eqgs. (8, 10 and 16). (The values of

Y, b and K used were 0,39 mg VSS. mg COD™ | -

, 0,24 day~! and 0,45 mg.L'1.day

respectively).

Eq. (8) : Xv = :+§i52 ) gi (1+0,2b.Rs)
5i-5 Xv

Eq.(10) : © = - 4 AN

g.(10) 5 = 1,42 s

Eq.(16) : Eff.COD = Sub + L. (1_ + D)
YK Rs

Figs., 31, 32 and 33 show the correlations between the theoretical pre-
dictions and the experimental results. With the exception of the results
from Unit E (R = Bhr, Rs = 5d, An) good correlation is obtained. It is
possible that the residence time in the anaerobic reactor of Unit E results
in the solids concentration and oxygem requirements being lower than pre-

dicted by theory.

CONCLUSIONS FROM ACTIVATED SLUDGE TREATMENT.

From the investigations into the treatment of the effluent from the sewage
works at Paarl during the 1974 canning season by the activated sludge process,

the following conclusions can be formed :

(i) The effluent is biodegradable. This is evident by noting that
the reduction in COD was approximately 88 per cent from an
influent of 1 200 to 1 400 mg.L‘1 to an effluent of 140 to
170 mg.L—1. The significant improvement in the quality of
the effluent by secondary biological treatment is illustrated
in Fig, 34 which is a photograph of an influent and effluent

sample.

(ii) The kinetic behaviour of the activated sludge process appears
to conform to that normally accepted. The 'Yield Constant, Y
(0,39 mgVSS.mg-1CDD removed) is slightly lewer than that found
for settled municipal sewage (0,43 mgVSS.mg_1removed, Marais 1974)
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(iii)

(iv)

and the Reaction Rate!' Constant K = 0,045 mg.L-1.day_1 as
against 0,07 mg.Lw“.day-1 for settled municipal sewage (Marais,q1973).
These values indicate lower ease of biodegradability. The oxygen

demand conforms reasonably well to the theoretical predictions.

There appears to be no real deficiency in the nutrients, nitrogen
and phosphorus. This is indicated by the experimental results
which all showed that at least 1 mg.'l,_1 of NH3-N was present

in the effluents. The sludges had nitrogen concentrations
between 10 and 12 per cent and phosphorus concentrations of

2 per cent -~ which are normal. Urea addition to one unit did not

result in any perceptible improvement in effluent COD or settling

properties.

Although the waste is biodegradable it is mot treatable by the
activated sludge process except at imordinately long sludge ages.

At sludge ages of 5 and 10 days there was excessive bulking of the
sludges so that it became very difficult toc run the laboratory scale
units, It would certainly be impossible to rum a full scale plant

at sludge ages below 10 days. At 20 days sludge age no bulking
occurred - indeed the settling properties of the sludge were
excellent. However, the provision of a full scale plant operating

at this long sludge age would require a hydraulic retention time

of 24 hours if the sludge concentration is to be kept at 2 BDDmg.L-1
MLVSS. Such long sludge ages are usually necessary where nitrification
is required during winter conditions. 1In this plant the loading

is seasonal, during the summer, and there is no excess nitrogen to
nitrify. The effluent quality will not improve over that from a
system operating at a shorter sludge age. The nett oxygen demand will
increase, The size of the reactors will be about 60 per cent greater
than that required for carbonaceous energy removal only. The
increased size of the plant is solely required to improve the

settling qualities of the mixed liquor. There thus seems little
justification for the imstallation of an activated sludge plant

as the form of secondary treatment.
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CHAPTER 4

ROTATING DISC TREATMENT.

INTRODUCTION

The investigation into the feasibility of employing the rotating disc
system as the form of secondary treatment was initiated towards the end

of the 1974 canning season,

A laboratory scale series disc unit was available and a programme of
testing was inaugurated.

Subsequent to the investigation into secondary treatment application,
wastewater from a fruit and vegetable cannery was obtained and the
feasibility of employing the disc system as a form of 'roughing'! treat-
ment was investigated. A ‘'banked' disc unit was used in this investi-

gation.



PRINCIPLE OF THE ROTATING DISC SYSTEM

The system operates on a principle very similar to that of bioclogical
filtration in that the biomass adheres toand grows on discs - the
fixed media. As the discs rotate the organisms are alternatively in

contact with the air and the waste water (See Fig.33).

The disscolved oxygen concentration in the liquor is controlled by the

speed of rotation of the discs.

The biomass periodically 'sloughs off' the discs and accumulates in
either a compartment under the discs or in a settling tank positiaoned
after the disc units, from where it is periodically pumped to anaercbic

digestors,

The attractive feature of the RDU is that, unlike the systems based
on the activated sludge process, successful operation is nct dependent
on the efficient performance of a settling tank, The problems of sludge

bulking are obviated and less skilled control is demanded.

SUPPORT MEDIUM) COVERED WITH
FILM OF MICRO - ORGANISMS

:2:;;; ‘;ﬁ;’;::l_u CONTACT OF FILM
PASSED RAD WITH WASTE — WATER
THROUGH TANK

MICROBIAL FILM
MATERIAL SHED
FROM ROTATING SURFACE
SUSPENDED WASTE - WATER

HEMi— CYLINDRICAL:
HOLDING TANK

FIG. 35 : PRINCIPLE OF THE OPERATIGON OF A R.E.U.

ROTATING SURFACE (DISC OR OTHER
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LITERATURE REVIEW

The Rotatimg Disc system, or the rotating biological disc contractor
as it is commonly known as, was first investigated in America in 1901

but very little interest was displayed in the findings (Pretorius, 1971).

In 1958 extensive investigations were carried out in Germany (Grieves,

1972) and the more important findings were :

(i) Optimum rotational velocity was 5 -~ 7 rpm for a 1 metre
diameter disc. The peripheral velocity should not exceed
22 m.min-1. since above this speed excessive shearing of

the organisms from the disc occurs.

(ii) The discs should rotate in the direction of the waste

water flow,

(iii) The system is especially suitable to small plants on account
of the low maintemance costs and insensitivity to fldctuations

in biological load.

(iv) The operating costs were "considerably less" than thaose

for equivalent activated sludge or trickling filter plants.

Further investigations ip 1963 indicated thet the nett power requirementis

-1
could be as low as 0,011 to 0,0133 Kwh.lb BOD removed (0,024 to 0,030

Kuh.kg~ | BOD removed, Grieves, 1572).

Welch (196B) successfully applied the system to the treatment of highly

concentrated milk wastes. His conclusions were :

(i) the process was very stable to hydraulic surges or

organic overloads.
(11) optimum results were obtained with disc urnits in series,

(ii1) the dissolved oxygen concentration in the reactor, and
the process efficiency, could be controlled by the disc

rotational velocity.
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Discs are constructed out of either PVC, asbestos cement, pegboard,

steel mesh or expanded polystyrene.

The disc system has been applied for 'roughing' treatment of a wide
variety of industrial wastes (Antomie, 1971). Loadings were reported
in the range of 300 to 1 300 1b BOD. 1 00O 1"1:-.3.day.'1 (approximately

60 to 250 g Bl]D.m-.z.day_1

to 400 1b BOD. 4 00O 1°t-3.day_1 have been employed (approximately 20 to

BO g BOD.m 2.day” ).

). For 'complete' treatment loadings of 100

Antonie states that the sludges produced settled well with settlimg rates
of between 4,3 and 7,5 m.hr—1. Typical sludge yields of 0,4 to 0,6 g dry

sc;'l,ids.gm1 BOD removed were reported.

Steele (1974) found the rotating disc systems particularly suited for
treating widely fluctuating flows. He reports on an experimental disc
system subjected to a fluctuating load of 400 per cent of the design for
a period of 2,5 hours, The shock loadings caused insignificant changes

in the effluent quality.

Steele also concluded that the disc system is effective in biologically
treating effluents which are termed 'unbiodegradable', e.g. coking wastes
with high bhenoL contents, He also states that the disc system appears
to offer ideal living conditions for organisms which treat hydrocarbons.
He reportéd 99 per cent reduction of o0il and petrol wastes at disc
loadings of 10 - 20 g.m-z.day-1. Loadirgs of 1 g.m—z.day-1 resulted in

B2 to 95 per cent removal of machine o0il and tubricants from a waste

stream,

Chittenden et al (1971) reported on the treatment of the effluent from an
anaercbic lagoon by means of the disc system. A meat packing factory

discharged an effluent with a BOD of 1 400 rr.g.'l,'-1 into the lagoons. The

lagoons effected a 73 to 85 per cent BOD reduction. Results obtained from

the 38 k'l,.da\y--1 three stage pilot disc plant indicated that the first stage
effected an 80 per cent BOD reduction with a disc loading of 30 g BDD.m_Z.day_1.
The overall (three stage} BOD reduction was 83 per cent. Dissolved oxygen

limitations prevented higher loadings being applied to the first stage

discs,

Birks and Hynek (1971) reported on the imstallation and performance of a



bio-disc system to upgrade the effluent from a cheese factory. Septic tanks
were positioned ahead of the disc unit and effected a 50 per cent COD
reduction on the wastes, The spetic tank effluent fed to the disc system
had a COD of 4 500 mg.L-1. The four stage disc unit effected an overall
COD removal of 85 per cent. The COD removal rate over the first stage was

reported as 55 g CDD.m—Z.day_1 for a disc loading of 90 g CDD.m-Z.day-1.

Antonie et al (1974) drew the following conclusions from a 1,9 M'l,.dr:-ly.-1

pilot plant treating domestic sewage :=-

(i) The percentage BOD (or COD) removal was dependent on the

hydraulic loading rate (L.day-1.m-2). A BOD removal aof

B5 per cent was obtained at a loading of 110 L.day-1.m-2,

=2

whereas at a loading of 20 L.day_1.m the BOD removal was

95 per cent,

(ii) The optimum hydraulic retention time required for the disc

units ranges from 1 to 1,5 hours.

(1ii) The 'start-up time', i.e. the time elapsed before the unit

produces an acceptable effluent,was always 1 to 1,3 weeks.

(iv) The mixed liquor solids settled very rapidly, producing a

sludge of 4 -~ 3 per cent solids.

Cochrane et al (1973) conducted pileot plant scale investigations into
the treatment of cannery wastes with a disc unit. Their results indicated
that 90 per cent of the organic matter was removed, but the effluent

required further treatment before discharge.

Welch (1971) reportedly used the process for in line treatment of waste

waters in sewers.

Pretorius (1971) reported an the application of disc units to treat septic
tank effluent emanating from small communities. He reported a COD removal
rate of 22 g CDD.m—Z.day - effecting an overall COD reduction of 75 per
cent. Complete nitrification was obtained with nitrate formation rates

of between 1,5 to 2, 5 g ND;-N.m_Z.day—1.

From the literature survey the following conclusions can be made :

42



(1)

(ii)

(iii)

(iv)

(v)
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The rotating disc system has been employed in both 'roughing'

and 'complete treatment' systems,

The loading rate for secondary biological treatment applic-
ations appears to be 100 g CDD.m-Z,day, whereas that for

'roughing' ranges up to 300 g CDD.m-Z.day-1.

The ability of the systems to treat 'unbiodegradable' wastes
is probably due to the low applied loading, expressed as

kg CDD.kg-1MLVSS.day—1 (i.e. a long sludge age).

Referring to page 413 the long apparent sludge age would clearly

reduce the required COD:N:P ratio in the influent.

The first stage of most multi-stage applications is the

most efficient, producing at least B0 to 90 per cent of the
overall COD removal. The economic feasibility of installing
further stages to reduce the COD by a further 10 to 15 per

cent should be carefully appraised.

No literature on the application of the disc system as a form of secondary

biological treatment of fruit cannery wastes could be found. It is probable

that, in secondary treatment, the COD reduction over one stage of discs may

not be suffient. However, the installation of further stages to produce

the required COD reduction may not be an ecomomic proposition.

The literature survey indicates the excellent reductions achieved in the

first stage of the disc system treating raw waste., The application as a

'roughing' unit therefore merits investigation.



CHAPTER 5.

ROTATING DISC SYSTEM AS A_FORM OF SECONDARY BIDLOGICAL TREATMENT-

EXPERIMENTAL INVESTIGATION

OBJECTIVE

The specific objective of this investigation was to ascertain the feasi-
bility of employing the rotating disc system as the form of secondary
treatment at the Paarl sewage works, treating the effluent from the over-

loaded bio-filters.

EXPERIMENTAL EQUIPMENT

An existing laboratory scale series rotating disc unit was employed,

shown in Fig. 36,

Nine peg-board discs, each 330 mm in diameter rotated about a common shaft
in a mild steel container. The surface area of each disc was 1 710 cm
(see Fig. 37). The discs were separated by 'V-notch' baffles - result-
ing in each compartment being completely mixed and the overall flow
pattern essentially 'plug-flow'. The volume of each compartment was 3,2

litres,

The speed of rotation of the discs was controlled by a rheostat on the

drive motor.

The feed was pumped intermittently to the unit by a Gorman-Rupp pump and
flowed axially through the unit.

The sludge which sloughed off the discs accumulated in the bottom of the

container and was periodically drained off and wasted.

EXPERIMENTAL PROCEDURE

The waste fed to the unit was the effluent from the high rate filters at
Paarl, in point of fact the remains of Batch 6 (see page 13). A further
Batch 7 was collected toward the end of the canning season. Tabls 9

shows the analyses of the feed.
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TABLE 9 : ANALYSES OF FEED BATCHES.

3
Batch No. oD TKN PO, =P COD : TKN : PO,~P
6 1 160 28,0 5,6 100 : 2,4 : 0,48
7 B50 48,0 7,0 100 ¢ 5,6 : 0,80

The feed rate was initially set at 13 L.day-1, increased to 30 L.day—1

after one month and after a further week increased to 60 L.day_1.

The flows of 15, 30 and 60 litres per day resulted in hydraulic retention

times in each compartment of 53 2,5 and 1,25 hours respectively.

. . - . =1
The speed of rotation of the discs, set at 15 rpm (Tip spsed 16 m.min )
remained unaltered throughout the investigation and the depth of immersion

of the discs remained fixeg at 140 mm.

ANALYTICAL PROCEDURE

Filtered samples from each compartment inp the unit, together with a
filtered final effluent sample, were analysed for CCD at least twice

weekly.

EXPERIMENTAL RESULTS

The average of the COD values at the different flow rates are shown in

Fig. 38,

The pH in each compartment was periodically measured. In general, the
pH increased from the first to the last compartment - typical values

being 7,9 to 8,3.

DISCUSSION ON RESULTS

. -2 -1 .
A comparison of the COD mass loading (g COD.m .day ) on each disc,
together with the total COD reduction, is shown in Table 10.






TABLE 10

COMPARISON OF LOADING RATES AND COD REDUCTIONS

46

Feed Flow 15, 1 day"1 30 L.day_1 60 L.day-1
Feed COD 900 mg.1” 850 mg.1 850 mg.1"
Disc Liq. g COD Total Lig. g COD | Total |Lig. | g COD | Total
No . COD Ed COoD coD 2 cob CoD 2 CoD
m-day | pedin (%) m-daY peqin (@) m.day fpedrin (%)
1 260 78,9 71,1 244 149,1 7,3 267 | 298,2 68,6
2 191 22,8 78,8 165 42,8 | 80,6 154 93,7 | 81,9
3 167 16,8 81,4 146 28,9 1 82,8 138 54,0 83,8
4 135 14,6 85,0 131 25,6 | 84,6 97 48,4 88,6
5 110 18,8 87,8 122 22,9 | 85,6 a7 34,0 93,3
6 105 9,6 88,3 108 21,4 87,3 57 20,0 93,3
7 110 9,2 87,8 116 18,9 86,7 37 20,0 93,3
8 107 9,6 88,1 99 20,4 88,4 57 20,0 93,3
9 94 9,4 89,6 85 17,4 90,0 23 20,0 93,8
These results probably overestimate the mass loading (g CDD.m_z.day_1) as
the organisms adhering to the fixed sides of the container have been ignored.

It can be ssen from Table 10 that at the highest flow rate (60 L.day-1) the

first three discs effected an B4 per cent reduction on the waste - the first

disc reducing the COD by 69 per cent at a disc loading of up to

298 g CUD.m_Z.day- .

1

hydraulic retention time of 3,73 hours,

The large biomass growth on the first three discs, corresponding to the

large COD reduction,is shown in Fig. 39.

discs, accumulated at a greater rate in the first three compartments than

in the others, approximately 1,5 litres sludge per week.

The 84 per cent COD reduction was achieved with a total

The sludge which sloughed off the

Table 11 compares the COD mass loading and removal rates (g CUD.m—z.day_1)

and per cent COD removal for each disc during the three runs.

The COD loading and percentage COD removal for the first three discs are

shown in Fig. 40.

(1)

The following may be noted.

The percentage COD removed over the first disc decreased from

71 to 69 per cent as the loading rate was increased from 79

-2
to 298 g COD.m .day

-1

. This implies that the maximum percentage

COD removal that can be expected cver the first disc is approx-

-2
imately 70 per cent, at a loading of 300 g COD.m ".day .

1
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(ii) The percentage COD removal over the second disc increased

from 27 to 42 per cent as the loading rate was increased

from 23 to 94 g CDD.m—Z.day—1.

CONELUSIONS FROM THE DISC SYSTEM AS A FORM

OF SECONDARY TREATMENT

The investigation into the application of the disc system as a form of

secondary treatment gave rise to the following conclusions :-

(1) A COD reduction of approximately 70 per cent at a disc
loading of 300 g CDD.m“Z.day—1. can be expected over the

first stage of discs.

(i1) A further two stages of discs would be required to produce

an overall COD reduction of 84 per cent.

(iii) The cost of installing a further two stages of discs for
an additional 14 per cent COD reduction does not appear

to be an economic propaosition,

The excellent performance of the first disc was obtained on an effluent
from which the more easily - -biodegradable fraction had already been re-
moved, This justified an investigation into the use of the disc system

as a form of 'roughing' treatment.
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CHAPTER 6.

ROTATING DISC SYSTEM AS A FORM OF ROUGHING TREATMENT =

EXPERIMENTAL INVESTIGATION

0BJECTIVE

The specific objective of this investigation was to ascertain the feasib-
ility of employing the rotating disc system as a form of ‘roughing' treat-
ment to treat the predominantly camnery wastes prior to discharge to the

high rate filters at the Paarl sewage works.

This investigation was carried out over the period August to November, 1974.
This peridd covers the canning off—seasoé in Paarl and no waste was ayail-
able, Waste was obtained from Messrs. Gants (Pty) Limited ~ a canning
concern in Strand, Cape Province, producing a variety of fruit and vegetable

products throughout the year.

It was felt that the response of the disc unit to the waste would not differ
qualitatively from that on Paarl waste and would provide sufficient inform-
ation to enable a judgement to be formed on the suitability of the disc

system as a form of 'roughing'treatment for cannery wastes in general.

EXPERIMENTAL EQUIPMENT

The unit used in this investigation differed from the series unit used

previously in that -

(1) The discs were mounted in a hemispherical mild steel container
of radius 18,2 cm, The container was divided into three variable-
volume disc chambers that could be operated either im parallel

or in series (Fig.41).

(11) Free liquid volume and disc area (i.e. number of dises) in each
chamber could be varied independently, so that for a particuiar
waste the hydraulic residence time could be maintained in the
range 0,8 - 4,0 hours whole the organic loading rate
(g CDD.m-2 disc area.day-1) could be varied over the range
60 - 300 g EDD.m-Z,day-1, Details of the free liquid volumes

and disc areas are given in Table 12.
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TABLE 12,
Parameter Dise Chamber 1| Disc Chamber 2 | Disc Chamber 3
Number of discs < 1 2 3
Disc diameter (m) 0,34 0,34 0,34
Total disc area (m2) 0,1845 0,3630 0,5445
¥
Free liquid volume (1) 1,4 2,8 3,0

#the free liquid volume varied depending on the thickness of the sludge
layer attached to the discs =~ the figures cited are observed averages,

with a variation of I 5%

The discs were constructed out of peg=bosrd. Initially, however, the discs
were constructed out of a brass mesh covered with a plastic coating. The
peg-board discs were substituted shortly after start-up as excessive shear-

of the organisms by the disc mesh was observed.

Disc speed could be varied over the range 418 -~ 40 rpm. No significant
sloughing of the film was observed even at the highest rotational speed.
To keep the disc outer edge speed within the range normally used in
practice (t 20 m.min-1)the rotational speed was set at 20 rpm in this
investigation, giving a tip velocity of 21 m.min_1. Using this tip
velocity as a scale-up parameter, the equivalent rotational speed for a
typical industriale-sized uwnit (2,5 m diam. disc) would be 2,5 rpm, which

is within the practical operating range reported (Antonie, 1971).

Separate sludge cones were installed on each chamber to collect the mass
of sludge produced daily. Several methods of sludge withdrawal were
investigated, In the first set-up used, with sludge being drawn off by
a normal gravity flow, the rate of flow through the outlet tube was so
low that the larger sludge particles were not drawn through, causing

an accumulation of sludge in the disc chambers. This resulted in low

dissolved oxygen levels, souring of the discs and the mixed liquor sludges.

The method of sludge withdrawal found to be successful, and finally adobted,
was to drive the disc off a timer at 12 minutes ON and 30 seconds OFF.
During the 12 minutes drive perind the liquid volume in the disc chamber
increased slightly over that given by the level of the overflow tube due

to rotation of the disc thruugh the liquid. During the 30 second 'off’
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period, the excess liquid hold-up was discharged rapidly, effectively
discharging the solids. This method of operation ensured representative
withdrawl of solids from the disc chamber and prevented settling of

sludge in the effluent tubes.

EXPERIMENTAL PROCEDURE

(i) Waste Influent

Table 13 shows the analyses of the batches of waste collected

from Gants (Pty) Limited during the investigation :

TABLE 13 : ANALYSES OF WASTE FROM GANTS

Batch No} Source cmn(mq.L'1) Suspended_, TKN _, [ PO,-P pH
Total Soluble|Solids(mg.1 )| (mg.l ') (mg.L_1)
1 Guava J 395 3 360 < 20 26,6 3,9 6,8
2 Beetroot | 2 218 2 201 |- < 20 13,8 4,7 5,1
3 Beetroot { 1 060 1 o040 < 20 9,4 4,0 4,9
4 Bean 1 595 1 455 90 19,6 8,9 4,0
5 Bean 1 390 1 168 200 15,1 6,6 |4,2
6 Pea 1 207 1078 100 32,3 4,6 6,8
7 Pea 890 840 110 20,9 7,1 7,0
8 Pea 766 702 100 14,7 4,5 6,1

Table 14 shows the ratio COD:TKN:PO, ~P (based on Total COD)
for the batches. As a comparison, the usual COD:TKNzPO, ~P

ratio of the Paarl waste is also listed.

TABLE 14 : CDD:TKN:PDA-P RATIO FOR WASTE BATCHES

Batch No. CoD TKN PO, ~P
1 100 a, 78 0,12

2 100 0,62 0,21

3 100 0,89 0,38

4 100 1,23 0,56

5 100 1,09 0,47

6 100 2,68 0,38

7 100 2,35 0,80

B 100 1,92 0,58
Paarl 100 . 0,88 0,22
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When compared with the theoretically required ratio of
100 COD:3,3 N:0,6P - sludge age 5 days (refer to page 13),
Table 14 shows that all the batches were nutrient deficient.

Apart from settled domestic sewage which was added in the
ratio of 1:1 to only the first two batches fed to the unit,
no other supplementary nitrogen and phosphorus source was
added. Table 15 shows the CDD:TKN:PDA—P ratio for the two
'waste + domestic sewage' batches., The ratios still indicate

an apparent nutrient deficiency.

TABLE 15 : COD:TKN:POAP RATIOS OF 'WASTE + SEWAGE' BATCHES.

Batch No. COD TKN PO, -P
1 100 1,32 g,53
2 100 1,85 | 0,60

At the laboratory the waste was stored in 5003 1 stainless
steel tanks situated in a cold room at ADC. The tanks were

thoroughLy mixed prior to withdrawing the daily feed quantity.

Operating Procedure.

The hydraulic retention time was varied from 1 to 4 hours

by changing the position of the inter-compartmental baffles.

The applied COD mass loading was varied im the range 50 to

p -
300 g COD.m .day ! for each hydraulic retention time.
The average duration of each run was 10 to 12 days.

The speed of rotation of the discs was maintaimed at 20 rpm
throughout the investigation, resulting in a tip velocity

of 21 m.min-1.

In order to compare the excess sLnge yield with that from
other treatment processes, the sludge yield per gram of

soluble COD removed was determined. The parameter soluble-
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COD-removed was chosen so as to eliminate settleable solids

in the feed as a variable. Sludge production per g of soluble
COD removed was calculated by (i) determining the mass of
settled sludge accumulated in the settling cones over 24

hour periods of steady state operation and (ii) correcting
this figure for the mass of settleable solids in the feed
which were presumed merely to have passed unchanged through
the reactor, The production of biological solids (as MLSS)

with respect to soluble COD removal was determined from :-

oW o=~ QX
Y' o o X
b Q(s.-s)
1 a]

total mass of settled solids collected per day
(g MLSS)
Q = feed flow rate (V)

Where W

X,= settleable solids in feed ( g MLSS.L-1)
5,= soluble COD in feed (g. v
5 = soluble COD in effluent (g.L—1)

and Y = net yield g MLSS.g-1 soluble COD remaovec.

ANALYTICAL PROCEDURE

Each batch of waste was analysed for total COD, soluble COD, Total Kjeldahl
Nitrogen (TKN), Total phaosphorus (PD4-P) and suspended solids.

The contents of each compartment and the final effluent were regularly
analysed for COD - both total amnd soluble, while TKN and PD4-P analyses

were frequently performed.
Dissolved oxygen concentration and pH values were occasionally monitored.

Total suspended solids concentrations were measured during the sludge

yield measurements.

Periodic microscopic examinations of the sludge from the discs were
performed, These examinations enabled a close check to be kept on the

character of the sludge.



EXPERIMENTAL RESULTS

The experimental data relating COD mass loading rate (g COD.mnz.day

.-1)

to COD mass removal rate and percentage COD reduction are tabulated

in Appendix II.

DISCUSSION ON RESULTS

1. Effect of Hydraulic Retention Time, Rh
Antonie (1972) related percentage BOD and TKN removal to hydraulic
retention time Rh, but in his investigation, the organic loading
varied inversely with Rh, and the effect of the hydraulic retention
time could nut be assessed independently.
In this investigation, Rh could be set independently of the organic
loading rate. Fig. 42 shows the CCD mass loading-removal rate
relationship, for the bean and pea wastes (batches 5 and & respect-
ively) plotted separately fcr Rh = 1;2 and 4 hours. It is evident
from the distribution of the data that in the COD mass loading rate
- -1 . .
range of 80 to 300 g COD.m 2.day , and hydraulic retention time
range of 1 to 4 hours, Rh does not affect performance.
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COD _Mass loading and Removal Rates aver One Stage.

Fig. 43 shows the COD loading-removal rate relationship for the two

'waste + sewage' batches. The following may be noted.

(1) For loadings in the range 100 - 300 g COD applied
-2 -1
m o, day the corresponding removal rates all lay

in the range 50 - 90 g CDD.m-zday-1.

(ii) The COD mass removal rate (g CDD.m—Z.day-1) increased
as the mass loading rate (g COD appLied.m-Z.day- )
increased but the efficiency (mass COD remaved.mass‘1
COD applied) decreased (see also Sections (3) and (4)),
The analyses of the effluents showed that residual TKN (2,2 - 4,1 mg,Lf1
and pga-P (2,1t - 3,4 mg,L"1 remained, even at maximum COD removal
(g CUD.m*Z.day—1) canditiens, This would indicate that COD
removal was not nutrient-limited, despite the apparently deficient
COD:N:P: ratios of the feeds (Table 15). Nutrient requirements
observed per unit COD removal are discussed in more detail in

Section (5).

Figure 44 shows the results obtained from unsupplemented beetroot,
bean and pea wastes (batches 3, 4, 5, 6 and 7). The following may

be noted :

(1) The mass loading-removal rate relationship is dependent

upon the nature of the waste.

(ii) The COD mass removal rate increased as the mass loading rate

was increased for each waste.

Fig. 45 comperes the results obtained for 50 per cent beet/sewage and
and pure beet feeds with results reported by Steele (1974) on domestic
sewage. From the figure, it appears that the rate of COD removal in

a 30 per cent beet/sewage mixture is dominated by the removal rate

on the domestic sewage fraction. This is indicated as follows. Assume
the removal rate for the pure beet waste is given by line AB, Removal

of the 50/50 mixture for a loading of 160g EEID.m‘—’Z.da.y»'-1 can theoretic-

ally be approximated as the sum of separate loadings of 80 g CDD.m-z.day*1
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MASS REMOVAL RATE (g COD.ra2 DAY ')

8

for each fraction. At this loading, this gives removals of

- - -2
67g COD.m 2.day ! for the domestic sewage and 20g COD.m .
-1

for the beet waste, t
plotted as a point C

otalling 87g C[]D.-'2

in the figure.

.day

-1

This result is

Repeating for a total loading

of 100 g COD.n™%, day” with the 50/50 mixture, point D is similarly

given, thus defining

experimental data obtained for the 50/50 mixture.

line AE.

This line approximately fits the

Hence it would

appear that the increased remdyaL rate for the mixture is prin-

cipally due to the removal of the sewage fraction.
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COD Surface Loading vs, Surface Removal over two stages

In its normal appLication, the Biodisc process involves 2 - 3 'banks!
of discs operating as series stages, It was therefore decided to
simulate a two-stage system in order to determine whether the
performance characteristics of the second stage differed in any way

from the first-stage results reported in the previous section.

The system consisted of two equi-volume disc chambers (free liguid
volume = 31 % 5%) separated by a baffle with two flow~through points

3 and 10 cms. from the bottom. To keep the loading rate (g CDD.m—Zdayq
in the two chambers within the same range, the first chamber contained
two discs (total area = D,363Um2) while the second contained only one
disc (area = D,1815m2). Sludge removal was by the same flow~through
principle (i.e=. with interrupted disc drive)} as for batches 3 to B,
except that only the outflow from the second chamber was connected

to a settling chamber. MLSS concentrations in the chambers were
periodically checked to ensure that no sludge accumulation occurred

in the first chamber.

The results obtained in two runs on pea wastes (batches 7 and 3) are
tabulated in Appendix II (Table A.2) and are plotted in Fig., 46. The

following may be noted from the figure :

(i) Approximately 50 per cent COD removal was obtained in the
first stage. At loadings of 100 - 110g CDD.mTZday“1 for

. .y -
example, COD removal ranged from 40 - 65g COD.m., day 1.

(i1) At the same loading rates, COD removal rates in the second
stage were consistently lower than in the first stage.
For batch B8, second-stage removals wers typically in the

range 20 - 35 g CDD.m»Z.day“1, even at loading rates greater

than 100g CDD.m'Z.day’1. For batch 7, however, at loadings

of 50 - 90g CDD.m-Z.day removals in the first and second
1

- -
stages were respectively 40 - 50 and 30 - 40g COD.m .day .

Analyses of the effluents showed that residual nitrogen and phosphate
remained in the effluents from both batches., A possibhle explanation
for the poor per cent COD removals obtained imn the second stages

(particularly for batch B, where the average éecond»stage COD removal

was about 28 per cent) may be the presence of unbiodegradable fractions

1

)

ST
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FIGURE 46. COD REMOVAL OVER TWO STAGES
Table A2, Appendix II,lshows that the second stages were operating
" with influent COD concentrations of 300 to 500 mg.L_1. If the
biodegradable COD was significantly lower due to an unbiodegradable
fraction, then :
(i) the COD mass removal rate (g CDD.m-Z.day-1) wauld be lower
at the same loading rate, and
:E(ii) the percentage biodegradable COD reduction would be higher

than when based on a total COD basis.

COD mass loading rate»and Percentage COD remaval

Fig. 47 shows the COD mass loading - percentage COD removal relation-
ship for the results tabulated in Appendix II. The overall correlation

exhibits considerable scatter. This is to be expected since the results



PERCENT SOILUBLE COD REDICTION

were obtained with five different types of canning waste feeds
of widely differing characteristics (Table 413),

In general, however, at a loading rate of 100g [ZE]D.m«Z.chay'-1
approximately 40 - 60 per cent COD reduction was obtained, As the
loading rate increases to 300g CDD.m-Z.day-1, percentage COD reduct-
ion declines to approximately 30 per cent removal. This decrease

in percentage COD reduction with increased loading rate is a logical
consequence of the observed behaviour of the biodisc, viz. that the
rate of COD removal (g CDD.m-z.day-1) flattens off at high loading

rates (Figs. 43, 45, and 46),.

59

1 I | | I |
O A = GUAVA » SEWAGE h
® = BEET + SEWAGE
Q = BEET
0O = BEAN
‘ vV = PEA
B -
S o ]
' a
\ A
T T ]
0 a a
] , g @
o Goa O -
20 " A -~ I g,
o ™
o | | | ’ i 1 |
o Ko 2Cc0 300

LOADING RATE (g cop - m™2 . day~')

FIGURE 47 : VARIATION OF PERCENTAGE COD REMOVAL




60

SLudgg,productiqn‘and characteristics,

The sludge production rate in terms of g settleable MLSS.g-1 soluble

~1 »
COD removed.day was measured for the five different canning wastes,

Fig. 48 shdws that the sludge production rate ranged from 0,14 to
0,32 with a pean of 0,224 g settleabls MLSS.g™ soluble COD
removed.day « This latter figure corresponds to the net sludge
production from an activated sludge works operating with a sludge age
of 12 days (refer to Appendix III). ' This would indicate that long

mean sludge ages existed on the discs, with consequent high endogenous

" breakdown., This results in a decreased sludge production.

The suspended solids concentrations in the disc chambers' liquid
varied from 4150 to 600 mg,L-1, with a mean around 400 mg.t-1, and
appeared dependent on the volumetric and organic loading rates to

to the unit,

The volatile fraction (VSS/SS) of the suspended solids remained
consistently in the range 73 - 78 per cent (cf., 80 pexr cent -
Antonie, 1971).

Microscopic examination of the sludge on the discs generally showed

a predominance of filamentous organisms., fungal filaments pre-

~ dominated and very few protozoa were observed when the pH of the

mixed liquor was 4,0 to 5,1 - Batches 3, 4 and 5. With batches
6, 7 and 8 the pH was approximately neutral and bacterial filaments

prodominated with protozoa well represented.

Fig. 49 shows a typiﬁaL settling curve observed in a 30 minute

-selling test conducted on 1 litre of mixed liquor with an MLSS

-1
concentration of 605 mg.l ', The following may be noted from the.

figure :

(a) The initial settling rate is good. The settling velocity

1

- -1 )
approximates 2,4 m.,hr (cf. 4,5 to 7,5 m.hr - Antonie,

1971).

: -1
(b) Compaction after 30 minutes is poor (180 ml. sludge. 1

mixed liquor)
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-1 ‘
(c) The SVI is 298 ml.g . (Measured SVI values were usually in
the range 200 - 300 mL.g_1).

These settling characteristics indicate good solids/liquid separation

but poor sludge compaction,

The rapid initial settling observed, despite the highLy filamentous
nature of the sludge mass, appears to be characteristic of the
physical operation of the Biodisc system, The microbial film on

the discs is very dense : at much lower removal rates (maximum

12,79 CDD.m_Z.day-1) than in this study, Pretorius (1971) has
reported a biomass concentration of 26,1 g.m_2 on the discs. When
sloughing of the film occurs, therefore, large dense sludge particles
are passed into the mixed liquor. These heavy floc particles settle
readiLy‘even when they are highly filamentous on a microscopic scale.
For wastes such as cannery effluents where filamentous sludges are
characteristically produced, and bulking is an almost inherent feature.
of the activated sludge process operating with sludge ages of less
than 20 days, the biodisc thus offers distinct advantages with

regard to sludge/liquid separation,

Apparent Nutrient Requirements,

The effluent from both units contained residual TKN and PD4-P con-
centrations throughout the investigation. The concentrations ranged

from 2 to 6 mg.l” TKN and 2 to 3 mg.L-1PD4-P.

Fig. 50 shaws the relationship between COD removal (mg.L-1) and
-1
nutrient uptake (mg.l ) for the first five batches of waste. From

the figure a mean COD:N:P ratio of 100:2,1:0,6 is indicated.

This ratioc corresponds to the theoretical ratio in an activated
sludge process operating with a sludge age of 12 days - COD:N:P -
100:2,1:0,35 (refer page 13, Fig. 9 and Appendix II1).

It would appear that nitrogen and phosphorus were not limiting

in the process.
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Summary of Results.

The rate of COD removal in the Biodisc unit was a functian of the
type and compostion of the canning waste feeds. Generally, the mass
COD removal per unit surface area of disc increased as the mass

surface loading rate increased. Typical figures were ;



(b)

(g)

- -1
Loading rate (g soluble COD.m 2.day ) 100 200 300
Removal rate (g spluble COD.m-Z.day_1) 35-60 S0-1D0 65-105

The efficiency of COD removal decreased with increasing loading rate.

Typical figures were :

Loading rate (g soluble CDD.m.—Zday‘1) 100 200 300

4. COD removal ' 35-60 25-50 20-35

- -1
COD removal rate (g COD.m 2.day ) was found to be unaffected by the
hydraulic retention time of the waste in the disc compartments over
the range RH = 1 -« 4 hours,
In two-stage series operation, COD removal in the second stage was
generally much lower than in the first stage, ranging from 23-40g COD

- ~1 ‘ -2 -1
removed.m 2.day at a loading rate of 100g CGD.m .day .

Initial settling of the sludge was rapid but compaction after 30
-1
minutes settling was poor. SVI's in the range 200 - 300 wml.g  were

generally ocbserved,

Microscopic examination of the sludge on the disc indicated highly
filamentous growths, with fungi predominating at low pH and bacteria

predominating at neutral pH.

A mean sludge yieLd of 0,224g MLSS.g CDD-1 removed was observed, with
V55/9S ratios in the range 73 -~ 78 per cent. Nutrient removal

per unit COD removal indicated a mean COD : TKN 3 PUA—P ratio of

100 ; 2,1 : D,6. The sludge yield value corresponds to that pre-
dicated for an activated sludge process with a sludge age of approx-
imately 12 days. For this sludge age, the predicted nutrient require-
ments are COD : N : P of 100 :2,10 ¢ 0,35. Comparing the theoretical

and experimentally observed yields and nutrient requirements, it is

concluded that the wastes were not nutrient deficient.
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CONCLUSIONS FROM THE DISC SYSTEM AS A FDRM OF

ROUGHING TREATMENT

The investigation into the application of the rotating disc system as a
form of 'roughing' treatment gave rise to the following conclusions:
(i) A disc LDading of 300 g CDD.m-z.day- appears to be the
maximum stage loading at which the performance of the
of the disc system is still competitive with the con-
ventional Plastic Medica filtration, i.e. 30 to 40

per cent COD removal.

(ii) The installation of further stages to increase the overall

COD removal does not appear to be economically justifiable.

(iii) The performance of the disc system does not appear to be

nutrient limited.

Although the disc system offers much promise as a form of ‘roughing!’
’ -2 - .
treatment, the area of discs - loaded at 300 g COD.m ,day 1 required at
3 - -1 .
Paarl for a flow of B8 000 m .day ! (COD = 4 000 mg.1 ) would be approxi-

mately 11 ha (or 8 000 discs of 3 m diameter).

The cost of this large area and number of discs, together with the cost of

shafts, bearings, motors, electrics and civil construction would render this

an uneconomical alternative,.




CHAPTER 7

SECONDARY BIOLOGICAL FILTRATION AS A FORM OF

SECONDARY TREATMENT

INTRODUCTION

The combined settled sewage flow at the Paarl sewage works is divided imto
two streams, in the portion 1/5 to 4/5 (of the total flow). The 1/9 flow
is treated by fine media biological filters with a media nominal size of
44mm. The 4/5 flow is treated by coarse media filters with media nominal
size of 75mm, There are four 24 m diameter x 1,8 m deep fine media filters
and four 30 m diameter x 3 deep coarse media filters. The flow conditions

for 1973 have been shown in Fig. 1.

The COD mass loading~removal rate relationship for the fine and coarse
media filters during the 1973 canning season, are shown in Fig. 51. The
plot shows that the fine media filter was significantly more efficient than

the coarse media filter

W
I
I
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(24,4~ DIA. x |8 DEEDR)
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(3omDlA. » 3 DEEP)

0
u
I
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FIGURE 51 . LOADING - REMOVAL RATE REL ATIONSHIP FOR 1973




The greater removal efficiency of the fine media filter may be attributed

to

(i) Difference in filter depth - 1,8 m as opposed to 3 m and/or
.. . . . 3 -3 . -

(ii) Difference in hydraulic load (m .m media volume, day 1)

" and/or

(iii) Difference in specific surface area of the filter media -
136 m2.m_3 for the fine media and 80 m .m--3 for the coarse

(assuming 50 per cent voids).

The greater COD removal capabilities of the fine media filters prompted
the conversion of one of the 24 m diametef x 1,8 m deep filters into a
secondary filter for the 1975 canning season. This was achieved by
pumping humus tank settled primary coarse filter effluent to the selected
filter. No provision for recirculation of secondary filter effluent was

made.

The performance of the filter was closely monitored throughout the 1975
season with the aim of ascertaining the optimum performance characteristics
of the filter, and thereby the feasibility of employing binlogical filtra-

tion as the form of secondary treatment.

No literature could be found on the application of two stage biological
filtration for the treatment of a mixture of cannery and domestic wastes.
It was decided to apply as wide a range of COD loadings on the filter as

possible to obtain the optimum figure for design.

EXPERIMENTAL PROCEDURE

The sampling programme involved collecting hourly aliquots of filter influent
(taken from the distributior arm) and effluent over 24 hr one day each week
of the canning season. Composite samples were prepared by taking equal

volumes of each aliquot as the flow to the filter was constant over the day.

The flow rate to the filter was calculated from pressure gauge readings taken
from a gauge on the pump discharge. Regular correlations between pressure
gauge readings and flow rates were performed. The steady déiLy flow rate was
varied in the range 1 309 to 3 469 m 3.day_1, the latter figure representing
the hydraulic limit of the filter as flooding of the outlet ports occurred

at higher hydraulic loads.
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ANALYTICAL PROCEDURE

The filter influent composite samples were analysed for pH, COD, BOD, TKN
and PDa—P, whereas the effluent samples were amalysed for only pH, COD and
BOD. The analyses on the effluent composite samples were performed after

1,3 hr settlement in an Imhoff Cone.

EXPERIMENTAL RESULTS

Table 16 shows the performance of the secondary filter throughout the

1975 canning seasan.

Table 17 together with Figs. 52 and 53 shaow the COD and BOD méss loading-
removal rate relationships obtained over the secondary filter for the 1975
season, The mass loading-removal rate relationship obtained over the coarse
media primary filters during the same period has been included in the plots
of Figs. 392 and 33. Ffor comparison purposes, the mass loading-removal rate
relationship obtained over the fine media acting as a primary filter during
1973 has been included in Fig, 52, It is clear that, for the fine media,

the mass loading-removal relationship was not very different.

Fig. 34 shows the variation in the percentage COD removal as the COD mass
v 3 -
loading rate on the secondary filter was increased from 1 to 4 kg COD.m .day 1.

DISCUSSION DN RESULTS

(1) Mass loading-removal rate relatianship

Figs. 52 and 53 show that as the mass loading rates on the
secohdary filter were increased there was no apparent decline
in the mass removal rates - as was the case with the primary

filters.

The maximum COD loading possible during the season was 4 kg
CDD.mna.day~1,Attempts were made in April and May to increase
the COD mass loading rate to above 5 kg EDD.m-a.day~1, but the
strength of the influent and the filter's hydraulic limit of

3 469 m°.day” | rendered this impessible.

The maximum COD and BOD concemtirations recorded in the filter
influent were 1 449 and 879 mg.L_1 respectively, With the

3 -
filter's hydraulic limit of 3 469 m .day ! the maximum allow-

able loading rate during a canning season would then be
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TABLE 17 : MASS LOADING AND REMOVAL

RATE RELATIONSHIPS FOR SECONDARY

FILTER
Date COD applied COD removed BOD applied BOD removed
k/m3/day kg/md/day] ® | kg/m°/day kg/m3/day | %

28/1 0,99 - 0,79 |s80,3 - - -
4/2 1,87 1,34 | 71,5 = - -
11/2 2,25 1,73 | 76,9 1,09 0,87 | 79,9
18/2 1,98 1,68 |84,6 0,78 0,64 78,3
4/2 2,59 1,66  |63,9 - - -
11/3 3,62 2,32 | 64,1 2,35 1,64 69,7
18/3 3,19 2,02 |63,4 1,70 1,11 65,3
25/3 2,44 1,80 | 73,7 1,55 1,25 | 80,8
2/4 2,63 1,73 |65,7 1,65 1,24 75,0
8/4 3,95 2,28 57,8 2,35 1,60 | 67,9
15/4 3,74 2,26 60,5 2,31 1,57 | 67,8
22/4 3,85 2,46 64,0 2,62 1,79 | 68,2
29/4 3,94 2,52 |66,0 2,81 2,05 73,0
13/5 1,82 1,23 67,7 1,18 0,94 79,7
20/5 1,31 0,54 |41,4 0,80 0,49 |61,7
27/5 o, 70 0,16 {22,3 0,32 8,25 77,0
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-] -
5,3 kg COD.m .day !

~3 -
and 3,2 kg BOD.m .day 1.

As Figs.

52 and 93 show no decline in the mass removal rates over

the secondary filter, extrapolation of the trend lines shaow

that the corresponding maximum mass remaoval rates would be

K| -1

3,2 kg COD and 2,3 kg BOD.m ~.day

It is of interest to note that when the 30 m diameter coarse

media primary filters were loaded at 3,3 kg COD and 3,2 kg

BDD.m“a.day"1

-3 -
and 1,2 kg BOD.m ,day .

1

the correspanding mass remaoval rates were 1,4 kg COD

The greater remaval éfficiency of the fine media secondary

filter cannaot be attributed to a8 difference in the quality

of the respective filters' influents, as the fine media

filters, when operating as primary filters, gave approximately

the same removal relationship {(refer to fig.52). .

i I
Table 18 shows the hydraulic loading, in terms of m .m

- 3 -
voLume.day«x,aDd mo.m 2

fine media filters.

TABLE 18 : HYDRAULIC LOADINGS OF ILTERS.

COARSE, PRIMARY

FINE SECONDARY

Media Volume (ma)
Filter Area (mz)

Flow (ma.day_1)
3 -3 -1
m .m .day

;" K
m .m 2.day !

2002
07

3262 to 6282
1,6 to 3,1
4,6 to 8,9

956
452

1309 to 4369
1,4 to 3,6
2,9 to 7,7

The data in the Table shows that the hydrauLic loading of

media

filter area.day”1, for the coarse ang

both filters was of the same order hence the large difference

in the mass remaval efficiency can only be explained by ane -

or both - of the following :

(a) Filter depth - 3 m as opposed to 1,8 m.

The greater

depth of the coarse media 30 m diameter filter could

0



(ii)

71

result in inadequate ventiliation of the entire filter
media volume, there by impairing the filters'!' perform-

ance,

(b) Specific surface area of the filter media. Bruce (1970)
reports that the removal efficiency of a high rate bio-
logical filter is directly proportioned to the specific
surface area of the filter media. It would therefore be
expected that the removal efficiency of the fine media
filters (specific surface area = 136 m2.m_3) would be

greater than that of the coarse media filters (specific

<3
surface area = 80 m2.m ).

The ratio of the available surface area for the 1,8 m deep fine

and 3 m deep coarse media filters is :

Line 136 x 1,8
Coarse 80 x 3

i.e. Approximately 1 : 1

The equality in the available media surface area would therefore
indicate that the filter depth was responsible for the poor COD

removal performance of the coarse media filters im that ventil-

‘ation was perhaps impaired.

COD mass loading rate - Percentage COD removal relationship

over the secondary filter.

Fig. 54 shows that as the COD mass loading rate was increased from

-3 -
1 to 4 kg COD.m .day !

82 to 60 per cent.

, the percentage COD removal decreased from

These values indicate that in order to obtain greater than an
85 per cent COD remaval, mass loading rates of less than

1 kg {3E]D.mm3.daxy_1 would have to be applied to the secondary
filters. |




CONCLUSIONS FROM SECONDARY BIOLOGICAL FILTRATION

The plant scale investigation into the application of secondary biological
filtration as the form of secondary treatment gave rise to the following

conclusions @

(i) If the secondary treatment must effect an 85 per cent COD
removal, from 1 450 m.L-1 to 200 mg.L—1, then the secondary
-3 -
filters should be loaded at less than 1 kg COD.m —.day L

during the canning season.

At this loading rate the filter volume required to enable
a flow of 23 ML.day—1 to undergo secondary treatment -
prior to discharge to maturation ponds - would be 34 000 m

(volume of four existing fine media filters, 3 834 m ).

Employment of biological filtration, with this low loading,
as a form of secondary treatment would not appear to be

feasible as the filter volume required is unrealistic.

(ii) The maximum COD mass loading that may be applied to the fine
media filters is 5,3 kg EDD.m_a.day—1, with the resulting
COD mass removal being 3,2 kg CDD.m—a.day-1. This high mass
removal efficiency of 60 per cent indicates that fine media

secondary biological filtratiom could be employed as a

'secondary roughing' stage.




CHAPTER 1§

CONCLUSIONS OF INVESTIGATION

With regard to the secondary treatment of the high rate filter effluent,
and the roughing treatment of the neat industrial waste at the Paarl

sewage works, the following conclusions are formed :

SECONDARY TREATMENT

(i) Nature of Effluent

The COD of the effluent from the high rate filters at Paarl
during the 1974 season ranged from 1 200 to 1 400 mg.L—1.
The COD:N:;P ratio varied from 100:1,4:G,48 to 100:3,8:0,75
indicating that there was at times an apparent nutrient

deficiency.

(ii) Biodegradability of the Effluent

The effluent was approximately 88 per cent ciodegradable,
with the unbiodegradable COD frection varying from 145 tc

175 mg.L”1

(iii) Activated Sludge Process

Atshort sludge ages the effluent is nct treatable by the
activated sludge process due to 'bulking'. Hnwever, if
theAsLudge age is greater than 20 days the settling charac-
teristies are satisfactory and the activated sludge process

can be employed.

When operating with a sludge age of 20 days the activated
sludge process will produce an effluent COD of approximately

180 mg..'Lm1 - an B7 per cemt reductian.

If it is intended to employ the activated sludge process, the

following kinetic constants should be used:

-1
0,39 mg V55.mg COD removed.

Y =

-1 -1
K =0,04 mg.l .day .
b = 0,24 day .

Note : Both K and b are temperature dependent - the values

o ;
shown are for 20 C. For temperature corrections refer to
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Marais (1973).

As nitrification is not required in the form of secondary treat-
ment, employment of long sludge ages soLéLy to obtain efficient
liquid-solid separation in the secondary settling tank would not

appear to be economically feasible,

(iv) Rotating Biological Disc Process,

A three stage rotating biological disc system could be employed

as the form of secondary treatment. The first stage would consist
of 8 000 x 3 m diameter discs (total area = 11 ha) loaded at a
maximum rate of 300 g CDD.m-Z.day_1, with the COD removal being

70 per cent. The additional two stages of discs {B 000 discs

in each stage) would be required to increase the overall COD

-1
removal to 85 per cent - i.e. an effluent COD of 180 to 210 mg.l

(v) Secondary Biological Filtration

Fine media secondary biological filtration (media nominal size

44 mm) will effect an 85 per cent COD removal on the effluent
from the high rate filters - i.e. remaining COD 180 to 210 mg.L—1
However the filters would have to be loaded at less than

1 kg CDD.mna.da_\/_1 and the media volume required at this loading

3
(34 000 m ) would appear to be unrealistically high.

The high mass removal efficiency (60 per cent) of the fine media

. -3 -
filters, when loaded at a maximum rate of 5,3 kg C0D.m day 1,
indicates that the filters could be employed as a 'secondary

roughing' stage.

ROUGHING TREATMENT OF INDUSTRIAL WASTE

(vi) Rotating Biological Disc Process

A one stage rotating biological disc system could be employed as
a form of 'roughing' treatment on the neat industrial waste.

7 -
The system would, with a disc loading of 300 g COD.m .day 1,

effect a 30 to 40 per cent COD removal. Approximately 7 300

-1

x 3 m diameter discs would be required for a flow of 8 000 m .day

-1
(COD = 4 000 mg.l )

The disc loading of 300 g EDD.m-Z.day represents the maximum

T4
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at which the performance of the disc system is still competitive

with that of the conventional plastic media filtration.

The costs of the discs, together with all the appertaining

equipment, would render this an uneconomical alternmative.
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CHAPTER 9

POSSIBLE FORM OF SECONDARY TREATMENT.

Initially it was considered that one of the three systems investigated,
i.e. activated sludge, rotating biological disc or secondary biological
fiLtratian,'wauLd serve adequately to reduce the COD load to the maturation
ponds. The investigation showed that it would mot be feasible to emplay

any of these systems,

Secondary biological filtration, however, has possibilities as a form aof
'secondary roughing' treatment if used in conjunction with an asrated

*
lagoon as”the form of final treatment before discharge to the maturation

ponds,

The system of further roughing treatment is attractive as a furfher load
reduction would be realised with existing plant. The aerated lagoon offers
a 'running cost' intensive scheme which is ideal for the situation in which
the pollution load is highly seasonal - as at Paarl.

N e . . . : -3 -1
The four existing fine media filters when loaded at 5,3 kg COD.m .day

3 -
would effect a 60 per cent COD reduction on a maximum flow of 13 B0O m .day 1.
An additionaL'three fine media filters would enable the total expected flow
. 3 0 -
of 23 000 - m .day ! to undergo 'secondary roughing' treatment before discharge

to the aerated lagoon.

Table 19 shows the reduction in COD load to the aerated lagoon (i) if

13 800 ma.day-1, of a total of 23 00O ma,day'1, underwent 'secondary
roughing' treatment on the four existing fine media filters, and {(ii) if
three aaditionaL fine media filters were constiructed to accommodate the

3 -
total 23 000 m ,day 1.‘

TABLE 49 : COD LOAD TO AERATED LAGOON.

-1 Percentage
3 -1 kg COD.day . Reduction.
23 000 m., day. of Primary Filter
effluent (COD = 1 450 mg.1™") to
aerated lagoon. 33 350 -
. 3 -1
(1) 13 800 m.day through 'secondary
roughin?' stage, them full 23 000
m3.day- ‘to aerated lagoon 21 344 36

3 -
{11) 23 000 m .day ! through 'secondary
roughing' stage, then to aerated
lLagaon 13 340 60
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The Table shows that the COD load to the aerated lagoon would be reduced
by 36 per cent if the four existing fine media filters were operated as

a further roughing stage, and by 60 per cent if three additional fine
media filters were constructed to accommodate the full 23 000 ma.day‘1.

No extensions to the 'primary roughing' stage are required for the 23 000

3 -
m .day L flow.

A detailed economic analysis would indicate whether the savings in aeration.
costs in the lagoon would justify constructing three additional fine media

filters.

The details of the proposed aerated Lagooﬁ did not form part of this Thesis,
but it has been proposed that the lagoon should be of a facuLative‘nature.
It is suggested that pilot plant studies be undertaken during the 1976 canning

season to ascertain design and performance characteristics,
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APPENDIX I

METHODS OF ANALYSIS

1.

Standard Methods, 13th Edition, 1971, published by the American

Public Health Association, Washington D.C. was consulted for the -

following tests :-

(a) Chemical Oxygen Demand page 501
(b) Total Kjeldahl Nitrogen page 402
(c) Free and Saline Ammonia ' page 186
(d) Total and Volatile saolids page 538
(e) Sludge Volume Index | page 561

Nitrite and Nitrate Nitrogen were amalysed by an autoanalyser

(Technicon) according to the Technicon Auto-Analyser Methodolagy.

Dissolved Oxygen was measured using a 'Yellow Springs' oxygen

meter, model 54, and probe.

Oxygen Absorbed was measured by the method set out in the Govern-

ment Gazette Extraocrdinary, Vol. 4, June 2Z2nd, (1962).
pH was measured using a 'Radiometer' pHZ29 meter.

Total Phosphorus was analysed by a spectrophotometric methaod

developed in the Water Research Laboratory, Civil Engineering

Department, University of Cape Town.
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APPENDIX III

ESTIMATION OF SLUDGE AGE FOR BIODISC,

H

In an activated sludge process operating at 12 days sludge age, 1,0g COD

removal results in the accumulation of 2,1g VSS., (Marais, 1975). Sludge
yield is therefore 2,1/12 = 0,175g V55.9 COD removed-1. For approximately

75 per cent volatile sludges as obtained in this study, the equivalent sludge
yield is 0,175/0,75 = 0,233g MLSS.g COD removed-1. This agrees well with

the observed mean sludge yield of D,224g MLSS.g CDD—1.

Based on typical sludge composition figures of (i) 12 per cent NH3 - N by
mass and (ii) 2 per cent PDd - P by mass, nutrient requirements per g of
COD removal in the activated sludge process at 12 days sludge age may be

calculated as follows :

12 per cent of 0,175 g VS5

it

Mass of NH3 N

Mass of PDa - P

0,0210 g NHy - N

1
[

0,0035 g PO, - P

2 per cent of 0,172 g V5SS 4

Theoretical nutrient requirements are thus in the ratio COD : N : P =

1: 0,02t ;: 0,0035, i.e. 100 : 2,10 : 0,35, Observed nutrient uptake in
the Biodisc system was COD : N : P = 100 ¢ 2,1 : O,6,

Comparing the observed sludge yield and nutrient requirements of the
Biodisc with the theoretical values predicted for the activated sludge
process, it would appear that the equivalent mean sludge age in the
Biodisc unit was approximately 12 days. This figure represents an
average over the system since (i) rell wash-off is greater from the
putside layers of the film and (ii) the sludge age of the solids
suspended in the mixed ligquor is equal to the hydraulic residence time
in the disc chamber while the sludge age of the film cn the discs‘is

clearly much longer,





