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ABSTRACT

This Thesis reports the results of an.experimental investigation
into:the treatment of yeast wastes by biological-digestion in:an anaerobic
~submerged filter. The waste.to be treated was very strong, with a COD .

of 59 000 mg/l and was almost entirely soluble,.with a high organic content.

.
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o

_Experiments showed that the waste could be treated by the . . .
.anaerobic submerged filter, with.a maximum_1oading;applicab1eﬂfor extended
periods.of 10 kg COD/(m3day),vbased_on the -void volume of the filter.
The reduction in COD.effected by the filter at these loadings varied be-
tween 40.and 60% of the-applied COD, of which only approximately 70% was
biologically-degrada%le. Loadings of up to 16 kg con/(m3day) were
_applied with 40% COD reduction, but digestion at these.loadings -seemed
unstable-and could not Belcontinuedrfor long periods. Diluted yeast
‘waste-was used during the investigation in order to.control loading rates
and it was.necessaryvto‘add sodium bicarbonate to the-feed to give an
alkalinity greater than'2;000 mg/1 as calcium carbonate to buffer diges-

tion .at the optimum pH.

This thesis.also.reports'thelestablishment of :an eperating
procedure- for a laboratory scale-anaerobic submerged filter, and proposes
reeommendééions;for further work. This work is aimed at improving the
performance-of the filter by'modifying,the:operating:procedureAand in-

creasing the understanding:of thg'digestion process by studies of a

fundamental -nature.
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CHAPTER 1

INTRODUCTTION

1.1. INTRODUCTION

Industrial waste treatment, as a logical extension of Municipal
sewage treatment has, until recent ‘years, been largely a civil engineering
domain. Chemical engineers, as a result of their -background in the under-
standing of the reactions and unit operations involved, are better suited to
the problems of treating industrial wastes, but have only become involved on

a large scale in waste treatment within the last few years.

The research project forming the . subject of this thesis was under-
‘taken after a request to the Chemical Engineering Department df the University
of Cape Town by a local yeast factory to develop a process to treat the
-factory effluent. -~ By undertaking the investigation, the Department hoped
to apply a recently discovered process to this specific industrial waste,
and, at the same:.time, develop a laboratory operating'procedure for the

process and to gain.experience in waste treatment.

~ The usual .method of yeast production in South Africa is to use
blackstrap moléSses, a by-product of the cane-sugar induStry,,as.a substrate ~
upon which to grow the yeast seed. After the yeast has‘reacﬁed maturity,
it is centrifuged off from the spent molasses. The latter, combined with
filtrates and factory washings, is usuaily discharged to the-Municipal sewer
for treatment at the local sewage works in combination with domeétic sewage
‘and other industrial wastes. - The high organic. loading of‘this waste can
easily overload a sewage treatment works not designed to handle it, resulting
in the discharge of a substandard effluent, which can seriously pollute the
receiving watercourse. Since local authorities have proposed to levy a
charge on factories discharging waste to the sewers , based on the strength
and volume of the effluent, it has become an economic necessity as well as a

moral obligation to reduce the strength of yeast wastes as much as practicable.
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Thevpfocess by which yeast is produced and packed in a typical
‘South African yeast factory, and the wastes which arise during the-prbcess
are shown in Fig. 1.1. The;raw-molasses,ié first diluted with an approxi-
‘mately equal volume of water, is sterilized and then goes through a centrifugal
clarifier.. This removes: the solid matter still present in the molasses,
su¢h as inorganic precipitates,cellulosic materials and other solids before
the clarified molasses solution passes into the. fermentation tanks. Nu-
_trients required by the.yeast are-added.and the medium is seeded. Yeast
is grown aerobically until mature when the -culture is centrifuged, the
yeast cells washed, centrifuged again and finally filtered on a vacuum fil-
ter before being packed or dried. Wastes arise from the clarification
of the molasses, the first and second separations of the mature yeast :and
its subsequent filtration and from equipment and flobf'washiﬁgs. The
-approximate volumes and concentrations of the different streams are: shown
in Table 1.1. for a typical factory. From this table it is clear that
therfirst‘separation.waste»arising,fromvthe separation of thg yeast cells
from the. spent molasses constitutes the major portion of the total load
from the factory. Since this stream is separable- from the other factory
wastes, it was decided to carry out the -investigation on the first separa-
tion waste only.  The characteristics of this waste stream are—given in

Table 1.2.

The possible treatment methods which could be used fall into two
classes: physico-chemical and biological. Physico-chemical methods in-
_clude-flocculation and.incineration, while biological methods are either
aerobic:or anaerobic in nature. Preliminary investigations ruled out
evaporation and subsequent incineration as being too expensive, leaving
. flocculation as.a possible-method. This was confirmed as a possibility
by Federov and Golod (14) who flocculated waste water from a yeast factory;
by Clayton (8) who describes the colloids present in molasses and by Ross

and Conradie (48) who floqgulated an angerobic digester effluent.

3
B
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RAW MOLASSES

WATER _I -
ﬁ‘l - EQUIPMENT dnd

FLOOR WASHINGS

Sterilisation

|

Clarification

CLARIFIER SLUDGE

NUTRIENTS l
B

.Fermentation :
. l FIRST SEPARATION

WASTE

1st
Separation

WATER ’1

2nd
Sepqration

1 SECOND SEPARATION

*1Balancing >

Tank

WASTE

FILTRAT
Filtration e ILTRA E’j"” = ——

l

Packing
or Drying

=

PRODUCT | ' | - SEWER

'Fig 1.1 FLOW DIAGRAM OF YEAST PRODUCTION
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TABLE 1.1.

EFFLUENT

LOADS FOR- A TYPICAL

FLOWS

AND OXYGEN CONSUMPTION

SOUTH AFRICAN YEAST FACTORY

| % OF 5 . ' % OF
" EFFLUENT SOURCE NATURE fﬁgf TOTAL gé/I . Lgi?da Cg?/i“ . Egg?da TOTAL
' @y FLOW & & Y &/ & v COD LOAD
-Molasses ' - A
Clarifier Heavy Sludge 1 700 1,25 80 000 136,2 340.000 .578,8 15,35
First Yeast Dark Brown 40 300 29,59 | 21 000 846,1 59 000 7 377,3 63,03
Separation Liquid
Second Yeast Light Brown 63 100 46,33 4 000 - 2524 11 000 694,1 18,40
Separation Liquid -
Yeast Filter rrghrly coloured 18 200 13,36 350 6,3 1.000 18,1 0,48
.iquid : : v
Equipment and Water containing
F% P ; Detergents, Yeast | 12 900 9,47 2 700 34,9 8 000 103,5 2,74
oor Washings
_ and Molasses
TOTALS 136 200 | 100,0 1 275,9 3 771,8 100,0

* Determined by the British Method.

*% For definition see Appendix A, Section A.l.

(See Appendix.A, Section A.2.5., qu'definition)
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TEST - RESULT
pH : - 4,8
.COD 59 000 mg/1
0A : 21 .000. mg/1
TOTAL. SOLIDS 100.g/1
- TOTAL .VOLATILE. SOLIDS 68 g/l
_SUSPENDEDNSOLIDS 'NEGLIGIBLE
ALKALINITY 4-300 mg/1l as CaCOs
KJELDAHL . NITROGEN 400 mg/1
SULPHATE .2 800. - 4 500 mg/l
COLOUR 'DARK . BROWN
ODOUR : MOLASSES/YEAST

TABLE 1.2. CHARACTERISTICS .OF FIRST - SEPARATION WASTE

'1.2.. FLOCCULATION

‘»A series . of tests, as,detailed’in Appendix D were carried out on
the first ‘separation waste to determine whether or.not flocculatien woeuld
be-a practicable treatment process on .an industrial scale. The results
tabled in Appendix.D obtained from the laboratory scale tests conducted
show that reductions in Oxygen Absorbed Value (0A)* of up to 60% can be
achieved, but that the flocculant desages required are impracticably high.
On the.basis of these results, the investigation was directed towards the
biological treatment of.the-effluent.

1

1.3. BI@LGGICAL"TREATMENI

The two basic types of biological treatment considered were
aerobic oxidation,'either by.Fan;aCtivated:sludge:or.trickling filter process

or by anaerobic digestion. The choice between.aerobic or anaerobic

* QA will be used as an.abbreviation for "Oxygen Absorbed".. Definitions
of this and other terms will be found in Appendix A.



treatment is usually decided by the concentration.of the- waste Cillie
et al. (7) give - the- c@ncentration above which it is cheaper to treat a
wasteAapaerobically‘as 4 .000 mg COD/1. - Since the first separation yeast
wastexwas_known;to be largely organic in-.character with.a COD of 59 000
mg/1 the choice of anaerobic digestion was obvious. .Further, the-advan-
- tages to be'gained by using this process,outweigh'the disadvantages.
Briefly, these advantages are:

(a) Only about 10% of the waste metabolized.appears
as sludge requiring further disposal (28)

(b) The low sludge production means that nutritional
-requirements are correspondingly -low

(¢) No oxygen or alr blowers are required

(d). The methane-formed is a useful end product

The chief disadvantage is that the effluent from an .anaerobic
process usually requires further treatment before it.can be discharged to
a receiving stream. This subsequent treatment is often aeroblc, e.g.

the trickling filter'used by Rudolfs and Trubnick (53).

The choice-of which digestion system of those given in Chapter 2

.was to be used was goverﬁed.by the~fact.that.the-yeast'waste to be treated
.is almost .entirely free from suspended solids, see-Table.l.2. In order
to operate -efficiently, however, an anaerobic.digester needs a high sludge

coﬁcentratLOn, as. well -as suspendedvsolids,to,support.the miéro-organisms.

Hence, for efficient treatment of the yeast waste, some-form of artificial

support was needed for the sludge, as well as a means of maintaining high-

sludge concentrations. The anaerobic filter recently developed by Young

and McCarty (32),(75), is suitable for treating a soluble- waste.

The filter consists of a vertical column containing: a packing
.material and .fed from the bottom so as to submerge the packing completely.

The sludge-adheres to the surface of the packing and also. forms flocs which




are-Suspeqdedvin the voids. _Liquid.effluent and gaé produced by the
digestion process. are drawn off .at the top. of the filter. The packing
‘material used by Young and McCarty (75) was smooth quartzite stones 2,5

to 3,8 cms in diameter. Since the void.fraction.of this packing mater~
ial as packed in the filter was only 0,42, it was felt that the volume of
the filter was not being used to its best extent, and.sd,lwz_ém.porcelain
‘Raschig rings were chosen as the packing material for the filters to be
constructed. for this investigation, since these were readily available
-and approximated a spherical type packing. -As packed in the filter,
. these-Raschig, rings had a voidage of. 0,62 and a spécific surface of

400 we/m3  (27).

Seed sludge was obtained from digesters treating wine distillery
waste énd also. from the sludge digesters. at the local Athlone Sewage-Works.
The filters were heavily seeded with sludge and feeding commenced, follow-
ing an acclimation procedure. This. was later found to be unnecessary and
pure -yeast waste was.fed to the filters in increasing concentrations. The
operation of the filters was very erratic, however,. mainly because of un-
suitable:feed'pumps. ~ At the.start of the investigation, the only published
work .available on anaerobic:filters was: that by Young and McCarty (75), who
used synthetic media made up from pure chemicals as: feed for. their filters;
This. was sterilised amd naturally did. not coﬁtainuany,suspended.solids to

.affect the metering pumps used. When this investigation.was started the
example  set by Young and McCarty (75) was followed, in that the - feed pump
-used was designed.as a. flexible chemical metering pump. When:this:was
.found to be-unsuitable:because of the nature of the: feed, other metering
‘pumps.were-used, with the same-result, until.it was:.realised that -a
different type of feeding,mechénism was,needed. The-reason for this.was
‘that the waste was typically industrial, containing:actively growing yeast
and was far from sterile, with the result that sludge .rapidly grew in feed
tanks. and lines, causing blockages and erratic feed rates. The different
types of feeding mechanisms used in-attempts to overcome this problem

are described. in Chapter. 3, Section - 3.1.3.




The liquid retention times used varied between 40 and 80 hours
_and.although loadings of up to 16 kg cop/ (m3day) (COP is the Chemical
Oxygen Demand -»seezAppendix.A, Section A.1 for a definitien) were.applied
for short periods,. the-maximum loading:which could be-applied for extended
periods was 10 kg coD/(m3day) based on the void volume of the filters.

The-reduction:achieved with this loading varied between 40% -and 60%

“This performanée by the . filter was not as.good as:was hoped, -
however, and this is discussed in.detail. in Chapter 4, Also discussed in
Chapter 4 are the results obtained from the operation of. the filter,. and
the ‘operating procedure developed. Conclusions are-drawn in this Chapter
and recommendations:for further work propesed, and these-are~sﬁmmarised
in Chapter: 5. The main cenclusion drawn is that although.the -filter can
treat yeast waste, the performance was not as good. as.was. expected.

Further work is proposed to improve the performance before the.filter can
be- recommended. for large-scale-application, and to learn more-about the
principles of anaerobic digestion-as.it takes place in the anaerobic

filter.




CHAPTER 2

"LITERATURE -SURVEY

2.1. PRINCIPLES :OF ANAEROBIC -DIGESTION

2.1.1. Introduction

A great .deal of work has been done on anaerobic digestion in
general and theadigestion of sewage-solids in particular. It is not
propesed to review all that has been written on this subjéct, but - some
-of the work that has been done towards: gaining:.a better understanding of
thélbrocess, andwalso.itszapplications-in:the»field.of industrial waste
treatmenf,_will be-congsidered. .It.is also propesed teo review the dif-
fereﬁt:methods by*whichnyeast wastes have-been treated, and the develop-

ment and .applications of the anaerobic submerged filter.

It is generally accepted that there-are. three stages in the

-anaerobic digestion process (23):

(i) the hydrolysis by extracellular enzymes of complex
_orgamics (often present as solids) to. simple-organic
compounds;

(ii) the fermentation.of these simple organics by acid-
forming bacteria te simple. fatty acids;

(iii) the fermentation of these-acids: to methane.and
carbon ‘dioxide by methane-forming bacteria.

The rates at which these reactions: are.carried . out depend. on
the environmental conditiens prevailing in the digester. These-condi--"
-tioﬁs,inélude: temperature, pH and the presence of inhibitory or toxic
substances. The-efficiency of the digestion process is determined by
the concentrations of the sludge-and substrate-and.the- type of digestion

system used.




2.1.2.  Temperature

Since the digestion process is: the result of the metabolic acti-
vity of:a heterogeneous population of bacteria, the effect of temperature
on the process,is:a_réflection of the behavieour of the bacteria at different
.temperétures (22). ‘The;temperature»ranges;for optimum bacterial- growth
can be divided conveniently into thfee“regions: the psychrophilic ( 20°C);
the mesophilic (20 - 45°C) and the thermophilic ( 45°C), (69). . The
‘temperature range-choesen for the operation of a digester‘Will-détermine»the
efficiency of the process.by-its.effect on the species:and numbers of bac-

teria prevailingiin:the-digestervunder:the»giVen conditions:

For the-most econemical applicatien of the process, the highest
efficiencies are-required. Since-the: well~-known-rule of an approximate
-doubling in the rate-of a chemical reaction with a 10°C rise in temperature
-applies -roughly to biological systems.in the narrow temperature ranges.of
.interest (67), .it is apparent that the higher ranges. are-the most desirable
- for opération. . There is, however, a temperature.range over which the-rate
of reactibn.does.not increase as rapidly-as would be expected,. and this sets
a practical limit to the .ranges of temperature which are -used for digestion.
This. falling-off in rate occurs. between 37°C and about 50°¢ (31), (35), (67)
and gives rise to the.usual operating temperatures of 35°C for the mesophilic
range and.559C. for the thermophilic range, Fig. 2.1. Above -about 55°C
-the.rate decfeases due to denaturation of the proteins and nucleic acids

making up the cells (22).

2.1.3. pH.

- The effects of pH on:the rates of reaction-are.far more varied
.in their nature than -those of temperature. This is evidenced by the large
amoﬁnt.of work,. not -all of it in-agreement, however, that has been published
..dealing with. the control- of pH and its effects on digester performance.
In particular, the practice-of adding lime to failing digesters:has: been
'widely discussed. Those -who - favour liming believe that the. low pH

itself, i.e. the high,H+ ion concentration, is toxic to the-methane-
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Fig 2.1 EFFECT CF TEMPERATURE ON MICROBIAL GROWTH RATE (31)
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forming -organisms,. and hence the addition of lime, by ‘raising the pH, »
will relieve the toxic effect. These~investigators;include-Cassell»and

Sawyer (5); Sawyer, Howard and Pershe (56) - and Kaplovsky (21).

Others, however, belie?e-thatvit is the velatile-acids: themselves
which are-directly toxic to the-methane-formers in concentrations greater
than 2 000 mg/l as aceticacid. Hence the -only way this:toxicify:can,
‘be-relieved is by reducing: the organic load on the-digester or by-dilutingb
- the.contents. . This. group of investigatoers includes Buswell and Hatfield .
(4); Schulze, and Raju (60); -Mueller, Hiﬁdin,7Lumsford and. Dunstan
(37) and Schlenz (58). |

' In.an effort to resolve- this controversy, MecCarty and McKinney
(33) ‘put: forward. the explanation that in a digester treating sewage golids,
.the-concentration of materials in true solution in.tﬁe raw sludge-fed to
the.digester is;felatively-low,,the vast majority of the load being
-carried by the  suspended. solids. - The-dissolved materials, however,. are
-the only oenes capablelof.affecting-the organisms. In - the digester; the |
- suspended solid matter is slowly hydrolyzed and brought intd solutien by:
extracellu;ar'enzymes. . Under. normal conditions, this:organic matter is the
-then rapidly broken dewn to volati1e~acidsuahd,_in-turn,_to,methane~and
carbon.diokide, the total concentration of dissolved matter remaining
7re1ativély low. There is, however, a build-up to a steady value-of
-salts such as: ammonium, calcium .and magnesium bicarbonates resulting from
.the breakdown of soaps and proteins. Under unbalanced conditions:the
velatile-acids:are not removed as fast as they are formed and se a build-
up of acids in:selutien occurs, Causing;a rapid”riseﬁin;total-dissolved'
material. ASta:result\éf laboratory investigations McCarty and McKinney
(33) concluded that theAdecrease;inLactiVity>of the methane-formers was
rthe—result'of.salt toxiéity, caused by high concentratiéns;of the.catioens
:associated with the velatile-acid anioens. .Further,investigationsvby
-McCarty-and_MéKinney (34)1into-the toxicity of different cations revealed

,Gd++ to be the least toxic.




.On the-basis of these investigations lime:appears to be-the -most
suitable chemical for pH control, since-not only is it the.least toxic,
but once lmlanced conditions have-been restored, the excess calecium preci-

pitates: out of solution because of the low solubility of calcium carbonate

~at the pH normally encountered in a healthy digester. -Furtheridiscussion

on the use of lime will be. found in Chapter 4, Section 4.4.4.

-individual toxicities, e.g. CGa

-out the offending: inhibitor.

:2.1.5. Digestion .Processes

2.1.4. _Inhibiters

In-addition to the toxic or inhibitory concentrations of cation
associated with the-acids found in-.anaereobic:digesters, other toxic'sug-

stances are frequentlyencountered in. sewage-treatment plants treating

‘industrial wastes. Mc€arty (30) has.reviewed the most commoen.of these

inhibitoers and the\ﬁsual-methods'of,reducing;their.effects; Inhibition

by the-alkali and alkaline earth metals.- Ssodium, potassium calcium .and

.magnesium ~ is usually best dealt with by the -antagonistic effects of the

+* is.antagonistic  te the.toxicity of high

,Naf concentrations, and §6-a digester operating in an area of hard water

will be.less susceptible to Na© toxicity than ene operating -in.an-area

.0of soft water. Other inhibitors:reviewed by-McGartygére\ammonia at ‘high

pH, sulphides and heavy metals. .The .inhibitory effects of each of these

-can-be- reduced by dilution of the-digester| contents, but use can often:be

-made-of theAVery-loW'solubility of heavy metal sulphides to precipitate

i
At high substrate concentrations , the rate of waste stabiliza-

tion is essentially dependent only on the sludge concentratien (23).

Hence- the requirement . for rapid stabilizatien, and consequently small

digesteré, .is: that the~sludge:concentration be-kept:high. As the

‘understanding: of the-digestion process has grown, leading to:this:require-

ment,. so the-configurations of the treatment systems have changed.
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The simplest .anaerobic digestion system is the-anaerobic lagoon,
 Fig. 2.2. -As its.name implies, this is simply;é lagoon-3 to. 5. m deep
with no mixing er aeration. | Thé-top:metre-is sometimes .aerobic because
~ofAdiffusion:of,oxygen_from the atmosphere, but usually-a scum . is:allewed
to. form on the surface. -This:scum layer reduces oxygen transfer to the
- surface-and eliminates:anyfmixihg:effects that might have-been caused by
‘wind .action. The-insulating;effect;of this.scum:ean:maintain_liquid
temperatures high enough for digestion,.even:during freezing winters (47).
Sludge -control isvusually;minimél,,consistingjsimply—of;removal-of a por-
tion.of the sludge-should the level rise too much, causing sludge to

.enter the:effluent line.

v The<next.Simplest digestion system.is the completely mixed
‘digester. of theatypemlong;used:for,the digestion of sewage solids, Fig. 2b3.v
The digester is simply a large-completely mixed ‘heated tank, usually
covered in order to collect:and utilize the gas:generated. -Since. the
-tank is completely mixed,,the solids-and liquid retention times are.equal.
High solids concentrations:are-achieved by using long retention times. -

of the order of:thirty days. WhénAlarge volumes: of :waste are to be
-treated, however, . this requires:extemely large digesters:and so:the
:anaerobiC'contacﬁ.proceSS was.developed. In this . precess: a.completely
-mixed.digéster_is,followed‘by-a settiing;tank.in‘which the sludge-separ-~
‘ates. out from the.liquid.effluent, Fig. 2.4.. . This:allows recycle-of
the sludge-in order to maintain a high solids retention time-and concen~
vtration»while~a110wing¢a;relatively short>liquid”retention time.  This
process can be-applied to less-concent:ated‘wastes-or wastes: that. have
-low suspended solids-condentratiéns. A problem.that often.arises with
.this process:is that gas productien in the settling tank causes sludge

.to rise-and be.lost in the-effluent. - This has been overcome. in-a system
treating slaughterhouse wastes by the-installation of a vacuum degasifier

‘before the.effluent stream enters. the settling tank (71).

With soluble wastes containing very- few suspended solids, it.is

-usually difficult to maintain.a high sludge concentration §ince the-sludge
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needs some form of solid sﬁpport. A new process has been developed by
" Young and McCarty (32), (75), which will successfully treat thesevwaétes,
however. In this process the micro;organisms.are held in the digester
by a packing medium, the'micro-organisms either attabhing-themselvés\to
the surface of the packing, or else growing in flocs physically -trapped
in the-voids, Fig. 2.5. This anaerobic submerged filter is:.ideally
suited to the treatment of soluble wastes or wastes of relatively low
strength, as the extremely long solids retention time - a hundred days

- has been reported.(75), (19) - allows high sludge concentrations to be
maintained. Hence the-hydraulic retention.time-can be reduced te very
low values - 0,5 hours has been reported for the denitrification of
agricultural wastewater (72) - and a small filter can handle-a large

volume of waste.

2.2. DIGESTION OF. INDUSTRIAL WASTES

2.2.1. Meat-Packing Wastes

The anaerobic digestion process has been.applied in its several
forms. to different types of industrial wastes, with varying degrees of
success. In particular a waste which the process has been successful
in treating is that from slaughter- and meat-packing-houses. This success

.can probably be ascribed to the large -numbers of micro-organisms which
.would be present in the waste from paunch manure or similar sources and

to the presencevin the waste of easily putrescible organic matter.

Anaerobic lagoons have been used successfully for the treatment
of this waste. Sollo (63) describes both pilet and full-scale pond treat-
ment of meat-packing wastes. .The anaerobic pond wused in the -in-
veétigation, some 4,3 m in depth,. achieved between 81 and 95% reduction
in Biochemical Oxygen Demand (BOD) of the~feed, which averaged
1 100 mg/1l BOD. No heat was added to the pond, but the mild climate of
Georgia, where-the investigation was carried out, kept the: temperature
-about 24°C for most of the time. A drop.in efficiency was noted when

the temperature fell below 24°C  for prolonged periods. In these tests

3
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the«anaerobic:lagoon;was,followed by an.aerobic:.oexidation pond which served _

.to stabilize the effluent. Rollag:and Dornbush (47) deseribed an anae-

robic~aerobic pond system to treat meat-packing wastes in Minnesota.

This system gave.overall BOD removals of approximately 95% and consisted

of 'twe anderobic:ponds in-series:follewed by two’aerobic pends. These

testS‘wereucarried.out;intwinterfwith.an.average‘air;temperatureﬂef_-3,70'
C, but a'23.cm thick scum layer which formed on the surface of the first

anaerobic pond provided sufficient insulatioen to keep the pond temperature

-above-249C. ‘The-anaerobic . ponds: achieved a.reduction in BOD.of 58%,

whileAthe‘first'was,beingvloaded.at.0,26\kg;B0D/(m3day). That anaerobic

-lagoons:can-effectively ‘treat meat-packing wastes in-extreme climates has

been  shown by Stanley  (70) who>obtainedu80‘tor90%-reduCtion,in~BOD”in»two

-anaerobic ponds treating -the-combined waste-from three meat-packing plants
.in Edmonten, €Canada. The-effluent. from the ponds:-was:stored during- the

~winter without: odeur nuisance. An:.anaerobic contact process: to.treat

slaughterhouse wastes has been developed from.an.initial laboratery and

pilet plant. study bvaullen (15). The .-process achieved 95 to 96%.

removal of BOD in-24 hours:or less at loadings of up to 1,35 kg BOD/(m3day)
It was necessary,. however, to use -vacuum degasification of the-digester

‘effluent in order to ensure-adequate- separatioen of. sludge- for recycle.

This pilot plant was. further developed until the digester was loaded .at

3,20 kg BOD/(m3day) and the.retention: time reduced to 12 hours. based on
-raw flow, while the.BOD removal remained at 95% (59). The-final full-
‘scale plant based on these-pilot plant .developments:treats 1,4 million

-U.S. galloms (5,3 million litres) per day of waste-water with an.effluent

BOD of 1 380 . mg/l from the Wilson'and .Company packing plant at Albert
Lea, Minn. . (71). .The process:achieves:an average.90,8% reduction.of
the -7 320 kg BOD. applied per day,.with a retentien time.inthe digesters
of_12:t0.13 hours.
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. 2.2.2.- Woeol-Scouring Wastes

Wool-scouring wastes have been treated successfully by-anaerobic
fermentation. Nevzorov (39) subjected the undefatted waste water. from
wool~Washing;by;the~soap-soda process, with . a BODZO‘Of 9.000 to. 22 000 mg/l
to.anaerﬁbic,fermentation; The-charge dosngas,4%vgiVing;a retention time
of 25 days at a temperature-of 359C. A_90%<reduction»in»B0DZO'was obtained,
the- fats-were.reduced by 67% and the volatiles in the solid residue by 45%.
.Nine to ten;m3,of gas were liberated per m3 of waste water fed. Fermenta-
tion of the waste-water under thermophilic conditions. (daily dose 5%, |
temperature. 55°C) reduced the BODyg by 75%. The BODyq of the fermented
waste was: 2 400 to>2 800 mg/l. -He recommends mesophilic digestioen.at a
charge close:of 4% (6@0.g;B0D20/m3day) for design purposes. Grishina (16)
describes:a pilot plant for purifying waste waters from wool washing by
-filtration and anaerobic  fermentation. The waste water to be purified
‘has:a Bopabsg]of.201ooo‘mg/1 and pH of 9,2 and“contains:Z,SOrt0‘3,35%
-solid matter, of which_O,S%.is:woél-fat. The-method makes possible-a
. decrease-in pH to 8,3; BOD,pg to 25 to:30 mg/l and the .complete elimination
-of wool. fat. .The"NO3_ ‘and NO9~ content .of purified waste water was. 3l

and 0,1 mg/l respectively.

2.2.3. Paper-Mill Sludge

The -waste sludge- from paper mills have- also been treated by.
‘anaerobic digestion (65). The sludges:containéd straw-pulp, waste.paper,
whitewwater and.bark1and.weré?treated.by'thermophilic-and.mesephilic
.digestion. The-raw sludge contained 50 to 70% .crude . fibre -in-the volatile
matter. In- ten days:of batch-wise:digestioen, these—siudges were-destroyed,
producing 150 te 600 ml of gas per gm of volatile -matter. For continuous
.digestion of veolatile -matter, however, nutrients:were required. It was
found“that’activated.sludge\was the ‘most :effective - nutrient tested. Doses
of 2..and 4% activated sludge-were-added to raw sludge containing-2,5%
volatile:-matter. After digestion,,401to 70% of the crude: fibre had been
destroyed,. while 300 to 500 ml of gaSzcontaining;70%-methane-were~produeed

per gm of crude-fibre destroyed. The-treated sludge- settled rapidly,
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;the settled volume being reduced to 1/2 to 1/3 of that of the raw waste.

Thermophilic .digestion-was found to be-better than mesophilic' fer the

‘destruction of velatile-matter -and for gas productioen.

2.2.4. Fish.Stickliquor

Borchardt and Pohland (2) treated the stickliquor resulting

from the-recovery -of oil-and protein from the-alewife fish found .in-Lake

-Michigan. The stickliquor is particularly strong with .an unpleasant

odour: and did hot‘responduto.treatment with the-usual coagulants.
Anaerobic-digestion was able to.treat the waste- satisfactorily if the

loading;of volatile solids was maintained at less than 0,8 kg/(m3day),

.and.if'sufficient'time“was_allowed.fervacclimation. Digestion-was:also
-satisfactory if the-stickliquor‘was:mixéd with at least 'an equal amount v
of sewégeAsludge. The»observed_pH[during-digestion,_hqwever, appeared
”higher than normal, and this, or the accumulation:of excessiveaamounts.of
_inhibitors such as ammenia or sulphide, led to eventual failure of the

‘process. Internal pH adjustment with hydrochloric acid .appeared bene-

ficial, however,.

2.2.5. . Phenolic Wastes

Anaerobic digestion has-also been used to treat waste waters
containing phenol. . Chmielowski and Kusznik (6) carried out laboratory

experiments on the-anaerobic digestion of:various types of phenolic

‘waste waters, including- those.from the-synthesis of phenols, from the
-coal-tar chemical industry and from coke works.  The digestion units

‘were maintained at mesophilic: temperatures (32°C) and.a solids cencentra-

tion of 1 000 mg/1. After a period of:acclimation to: the .digestion of

:pure«phenol,_the~seédv0f digested sewage:sludgeywas_decomposing;90%-of
ithe«phenol-present in-waste-waters'from the phenol -synthesis process,
~but enly 50 te 65% of the phenol in the waste waters from the coke
-industry. . The.latter waste.contained other substances;inhibitory~to
‘methane fermentation, and this:acceunted for the low degree-of decompo-

-sition: observed.
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;2b2.6, Simulated Cheese Wastes

In.laboratory experiments by Harishchandra:et al (7) simulated
waste»waters:from-cheesé»productiontwere»digested.at;37°C-after a long
-acclimation peried. v The~experiments;showed»a BOD reduction of 86% at
a 1Qading;of'2,92;kg/(m3day); while for lower loadings, the BOD:and

volatile solids:reductions: were greater.

2.2.7. Monosodium Glutamate-Waste

That‘anaerobic:digestioﬁ;can be-used to treat very concentrated
‘industrial -wastes has been proved by»NileSJand Frook,(4l) who ‘used the
-process to treat what is probably the:strongest of all industrial wastes
in terms of BOD.: the:-end liquor from the'manufacture of moenesedium
glutamate - (MSG) . 'This waste-has:a BOD varying between- 250 :000 and
~400: 000 ‘mg/1. The raw -materials: for MSG preduction.are wheat gluten
_or concentrated Steffen's filtrate.(CSF) from beet sugar manufacture.

The waste. produced by-the process. is:almost completely soluble,.and
.attemptsvt0revaporateaandﬂincinerate-thenﬁaste~were~repofted“aszunsuc-
-cessful. Alternatively,udigeétion-was-tried. Laberatery experiments
on~the«digestionvof the end liquer. frem the-wheat gluten prdcess\revealed
that:98,7%-reduction in BOD'wasfpossible-at:a,loading-of50,165.kg;BOD/(m3
.day). When:this;loading;was:doubled, digestion: failed due-te:chloride
‘toxicity. The methane-.content of the gas produced was: 58%. The

-end liquer. from the'CSF process gave-a.96,9% reduction in BOD-at:a loading
;of:0,68.kg,BOD/(m3day). High chloride concentrations again caused
.digestien1problems. In view-of this chloride problem,, digestion of the
-end liquoer by itself did not seem feasible, but in:.admixture with sewage

-sludge, ne. problems- were- foreseen.

2.2.8. - Starch~Gluten Waste

In-.a shert pilet scaléﬂexperiment,on:theaanaerobic-digestionAof
the-tailing stream from a starch-gluten plant, Ling (25) showed. that it
was possible.-to obtain-at least 80% removal of volatile-selids at a

loading of'1,6,kg~volatileﬂmatter/(m3day). -The*waste‘hadfa BOD of
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12. 000 mg/l and total volatile solids of 14 000 mg/l. ' The most prac-
-tical methods of treating the waste were anaerobic digestion and lagoon-
-ing. Aerobic treatment or evaporation and incineration would have been

impractical, either requiring too much supervision or being too.expensive.

2.2.9. Brewery Waste

" Further. applications of anaerobic digestion have taken place-in
the treatment of brewery wastes. Newton et_al (40) operated a 1 900 litre
digester recéiving wastes from a brewery in Frankenmuth, Mich. .Nearly
two years of operation revealed that the brewery wastes were amenable to.
anaeroBiC'digestion;provided that the raw waste was supplemented with

nitrogen and phosphorus to give concentrations in the feed of about 160

and 15 mg/l respectively.  The ratio of BOD to total nitrogen in the
feed ranged between 65 : 1l and 5 : 1. At these levels nitrogen generally
built-up in the digester. The operation of the pilot plant revealed that

loadings of up to 2,9 kg BOD/(m3day) could be handled with a removal expéc—
tanéy of 92 to0.97%. Also the digestion system could adapt to brewery
shutdowns of two: or more days. without serious difficulties. The optimum
mixing arrangements were shown to be intermittent mixing by a propellor
stirrer for approximately 15 seconds every 2 hours, with feed introduced
.near the bottom of the digester. This. gave-a sludge -with the best
settling_chéracteristics. The. final effluent would need tértiary treat-
ment before dischérge-to a water-course, however. Gas productions
indicated that considerable supplementary heating would be required im-
the cold climate of Frankenmuth. Bosch et al (3) found in laboratory
scale digestion experiments on strong and dilute waste waters from
breweries that 85 to.90% reduction in organic matter could be expected in
both cases with a retention time of 9 to 1l days. The strong waste,
containing 75% beer, produced sufficient gas to maintain the digestion
temperatufe, but this was not the case with the dilute wastes from the

filter presses, making digestion of this stream uneconomic.
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-2.2.10. Cane-Sugar Factory Effluent

‘Cane-sugar factory effluents have-been successfully treated by
ariaerobic digestion as shown by Sinha and Thakur (62) in laboratory
experiments. The waste waters were - seeded with digested sewage-sludge
-and maintained at about 36°C. BOD reductions.of 89 to 96% were achieved
for retention times of 2 to 6 days-at BOD loadings of 0,26 te 1,78
kg BOD/(m3day) .-

.2.2.11.  Wine Distillery Wastes

‘Stander (67) has described the -operation of a full-scale-clari-
gester'tréating wine-distillery wastes.ét Paarl, South.Africa. The
:clarigesfer achieved consistently greater than-96% reduction in.BOD of a
feed with a BOD of 12-000 mg/l and a Chemical Oxygen Demand (cop) of
22 400 mg/l. The -maximum organic loading attainable was.3,2 kg COD/
(m3day) at an operating:temperature of 30°C, but this loading was limited
by the hydraulic characteristics of the clarigester. . This loading was
_equivalent to.a retention time of 7,2 days. At any retention time less
than this, excessive loss of sludge occurred. The- volatile acids con-
centrdtion in the digester compartment averaged 50 mg/l-as acetic acid
.and did not exceed 160 mg/1l dat .any time, while-the<gés produced had a
heating value of 5 340 k cals/m3. . The clarigester was operated both
.on fresh.speﬁt wine-and on spent wine that had been stored for up te
three months in a lagoen.  The fresh spent wine gave gas productions of
.>14-v01umes of gas per volume of feed, while the -production frem the. lago-
oned spent wine varied between.2. and 5 volumes per volume. It was found
that although. the digester was dormant for some five months per year, it
could be reactivated by feeding spent wine-oniy and that ‘re-inocculation

was not necessary.

Sonoda and. Seiko (64) digested at thermophilic temperatures
(549C) an.alcohol distillery waste diluted to contain 1 and 2% velatile
matter in two separate digesters. . The . sludge concentrations were

~adjusted to 20 to 30 centrifuged volume per cent and . tests were-continued
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-for three months. The maximum,loadings,feached.for the-two dilutlons
‘respectivély'were.s and 18 kg/(m3day) as volatile matter. and. 70% reduction
of BOD was obtained. Radhakrishnan et:al (45) determined in laboratory
experimenté that it waB‘better'to'treat raw molasses distillery waste in
.a diluted:fbrm, rather than in the concentrated (30 .000 mg/l) form, since
.the high volatile acids and low.pH generated with.the -concentrated waste
slowed.down digestion. .They also. determined that two-stage-digestion
was better for treating;high,QfganiC‘wastes than.single-stage digestion

with longer retention times.

.Basu (1) studied the treatment of héet.molasses.distillery'waste
waters. He found that:anaerobic digestion at 359C with a BOD loading
of 3,2vkg/(m3day)’reduced the .BOD by 96%, producing a.gas containing 59
to 647 methane, but that secondary treatment of the supernatant‘liquor
mould be desirable. Parﬁhasarthy»g&;&l (42) found in laboratory. scale
investigations that the waste waters from the molasses distillery df.a
sugar factory at Nellikuppum, India, could be.treated by anaerobic diges-
tion. 90'to995%vB®Dareduction was:achieved at 40°C.in 8,to‘12Adays.
retention time with optimal BOD loadings almost proportional.to. the re-

tention times. The gas produced contained nearly 60% methane.

- 2.2.12. -,M'olasses,Di‘s‘trillegy*Waste

‘Sen and Bhaskaran (61) carried out a set of laboratory experi-
ments on the.digestion of liquid wastes from a distillery fermenting cane-
sugar molasses. in India.. The spent waste investigated had total solids
concenttations of from 70.000 to 120:@@0 mg/l. A BGD of 18.000 - to. 37. 000
mg/1l and GOD of 40:000mtd:90:OOO:mg/l.whilertheitqtal Kjeldahl nitrogen
concentration was between 600 and 900 mg/l.  The first phase of the-ex-
periments was.carried out in two stages under quiescent conditions:and
resulted in BOD removals of about:95% at loadings of up to 3,02.kg/(m3day)
It was thought that the high BOD :. N ratio of 40 : 1 to 50 : 1 of the waste
might have-been‘limiting;digeStion,‘but the-addition of nitrogen had no
significant effect on performance. Different methods of agitating the

- digesters were-then tried. .Mechanical agitation and .recirculation of

¢
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all the digester gas had little, if any, effect on digester performance.

Agitdtion by recirculation of carbon dioxide only was then tried and this

had . a marked effect, increasing the.BOD removal .-at a leading of 3,05 kg/
(m3day) from 91,2% to. 96,5% and .increasing the-proportion of methane in

the gas. from 49% to 58%. This was explained by postulating that the

-carbon .dioxide in the-gas acted as a hydregen.acceptor, and thus an in-

crease - in partial pressure of carbon diexide caused an increase-in pro-

portion of methane-in the gas,. e.g.:

4 HoA +COp —s= LA+ CHf + 2Hy0  .....(2.1)

where,A‘is’any'oxidised substrate. .In.a series of laberatory experi-
ments designed to determine-the-effects of nitrogen .and.carbon dioxide
on anaerobic:.digestion, Hartz:and Kountz,(18),agitated a digester. with

carbon dioxide alone-and nitrogen:alone. A control digester was.agi-

-tated mechanically by sludge recirculation:.and. the deviatiens from the
_control observed in the digestersvagitated by ‘gas recirculation. .The

.-gas streams were sufficiently strong to ensure.complete mixing of the

digester contents, and their respeéctive effects were-to provide-a satu-
ration of carben dioxide and to Strip out carbon dioxide.and methane as

fast as they were- formed. ',Inlthis way the effect of carbon dioxide on

' digestion could be observed. - The results showed that carbon dioxide

recirculation had no beneficial effect on the digestion rate compared
with mechanical agitation, but should the-carbon dioxide recirculation

become  high enough, it could have-an inhibitory effeét, by altering the

-ratio of oxidising agents to reducing agents. - Further, it was. found

that the presence ofcarbon dioxide -in a measurable quantity is required

for methéne~production\dnd-solids breakdown in . anaerobic digestion.

This leads to the conclusion that there.is an eptimum level of carbon
dioxide in:the-sludge selution, somewhefé-between zero:and saturation,
but . not at either of these values. ‘fn thealight of. these-findings it
becomes clear that Sen-and Bhaskaran (61) were operating initially at a
carbon dioxide.level below the-optimum, and that by agitating with carbon
dioxidé'only,_they approached the-optimum more closely, and hence better

digestion was obtained.
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‘2.4 TREATMENT OF YEAST WASTES

2.4.1. Introduction

‘The.local regulatioens governing the discharge of industrial
wastes usually allow an effluent below a.given strength to be discharged
free. .This minimum level allows the freeAdischarge of domestic:sewage,
but mest industrial wastes are-stronger than this minimum level and so |
are subject to a treatment fee. . In factories with large labour forces,
e.g. fruit canneries, the volume of ddmestic sewage can be-considerable,

in some cases sufficient to dilute:the industrial waste.discharged by the.

-factory to:a strength at which it would not be subjected to a municipal

treatment charge. Yeast factories, however, have-such, a strong effluent
that the sewage. from their relatively small labour force .is totally insig-
nificant in-diluting the:waste. Hence there.is a powerful incentive for

the development of a process which will treat yeast wastes satisfactorily.

Rudolfs (49) has looked.at the-overall problem of what to de

with the-effluent.from.yeast factories. He came to the obvioeus:coenclu-

sion that in the-first place, the-treatment of the waste should be looked

upon-as part of the -manufacturing process, and. so:the-cost of the:treatment
should be charged against the product. At the time of writing (1944)
Rudolfs said that the pessibilities of utilizing the-waste for some-other
purpose have-not been- fully investigated. Since this. survey has re-
vealed no economic means of utilizing the waste, it seems that this is
still the case-at .the present time. .It is possible-to recover various

constituents of the waste by evaporation but this is usually impracticable

-from an economic point of view. -Hence.it is necessary to treat the

‘waste purely to reduce its pollution lead and then to discharge the-efflu-

ent to.the local sewer or watercourse if it is of a high enough-standard.
Various methods of treating the-yeast waste have been tried. These

include physico-chemical and biological. processes.
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-2.4.2. Physico-Chemical Treatment

Federov and Golod (14) treated.thé waste-waters from yeast
plants.using beet sugar molasses as substrate-for the yeast by floccula-
tion with ferrous sulphate-and lime.(200 mg/l as Fe0 and.600 mg/l as
. Ga0 respectively). . The  terms of their repert.are difficult to reconcile
with pfactice,.however, but the-authors. say that after céagulatioh_the

-water could be-discharged directly into.the-watershed.

Drublyanets and Nesterenko (12) have-tested.a number of. sorbents
_for. removing  the -residual.colour from bieologically purified effluents. from
yeast maniifacture. © Sand .and lignin.Were-ineffectiVe. .The 1 to 2 mm
.fraction of ceal ash remqved the coloeur completely'when used in-a volumetric
ratio of 1:3,5 and 'the-BOD of theeffluent was reduced by 40%. It was not
.possible to determine what original substrate was used for the yeast growth
but beet sugar molasses is the most likely. Stander.gE_glv(68).carrying
out adsorption tests on untreated yeast waste from cane-sugar molasses
found ash from.a chemical plant to be totally ineffecti#e,-While-ordinary
_coal was effective in removing COD, but the quantities of coal required o
were completely impracticable - of the order of 3 kg per litre of

.effluent.

Zawonda (76) has used soil filters to purify yeast wastes. from
beet sugar molasses. A 5 cm dosage of waste-every second or third day
‘was. purified by 79% on soil filters in the laberatory. In practice-a
5 cm dose was.applied every third or fourth day and the-field allowed to
dry,and'ventilaténfor—Z to410\days-every'month,_since~theAfield soil

particles were finer (0,0l to:0,12 mm) than:the.optimum (0,2 to' 0,5 mm).

The-above. reports indicate-that: some-degree of success:has been
obtained with physice-chemical treatment of: wastes arising from yeast growth
on beet sugar molasses, but that little such success was:evident for wastes

from the. cane-sugar molasses process.
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.2.4.3. Biological Treatment

Londong (26) has described the effluent problem existing at a

_German plant producing bakers' yeast from beet sugar moelasses. Under
present conditions,. the-waste:is piped from the faétory_a distance-of 21

km to:the municipal sewage- treatment works:at the town of Ham on the
-Lippe River.  On arrival at the sewage-works,. the waste, with an-.average
‘BOD of 10.000 mg/l.is first aerated.for 45 hours in contact with return
sludge-at .a BOD loading of 5 kg/(m3day)‘and sludge.loading: of 0,67 kg
BOD/kg Mixed Liquor Suspended Solids. (MLSS). Average BOD removal in

this tank;is-approximately-65%.and power consumptionaabout.O,Skah/kg_BGD.
The»effluenf from this tank passes directly into:a secqnd.aération-cham-
ber whete it is mixed with the domestic' sewage: treated at the plant:and
aerated for a further 2 hours. In this. second aeration-tank, the-BOD
loading is2,6 kg‘/m3 and. sludge load. 0,65 kg-BOD/kgiMLSS, and a yearly
-average of 80% of the BOD is:removed. The. operation: .of the plant,
.although sensitive-to temperature, has shown no difficulties. from

siudge bulking or'foéming, withfan_aVerage»sludge"volume indeonf'68.ml/gt,.
-Further experiments have -been conducted and have shown that the yeast,v 
wastes are amenable to treatment in combination with other industrial
wastes,, including those. from a large»chemo-pharmaceutical plant. Experi-
ments - on the aerobic treatment of yeast wastes alone-showed that it was
possible consistently to remove-greater than:80% éf-the“BOD.and occasionally
gredter than 907 with aeration times varying between 18 and 51 hours:and
sludgé loads betweén;@,z.and.0,95 kg_BOD/kg;MLSS.v The -effluent still

had .a brown colour, however, and a characteristic-yeast.wasteaodour with

a BOD of ‘approximately 1 000.mg/l. - Slight tendencies to bulk:-and foam
. were-noticed, especially during periods eof nutrient (phospherous) deficiency.
andéng,concluded by giving:an estimate of the.cost of aerobic treatment

of yeast waste-alone of Between.4%-and 10% of the.production cest .of the.

‘yeast .in Germany.

"Rudolfs (49) recommends  anaerdbic. digestion of the waste’
-followed by aerobic treatment on-a trickling filter to remove up- to:95%

of the BOD. .The digestion period recommended is 2,5 days in two-stage
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‘reversing digesters for waste-with an average BOD of 7 000 mg/l. . The

effluent after 70% of the BOD has been removed is applied to a 1 metre

deep trickling'filter'with,l@O%-récirculatien,at.a load rate of 10:000

l/m3 of filter media. . The gas produced during digestion centains approxi-
mately 70% combustibles.and may be used for-its;fuelivalue, while- the-sludge
amounts to some. 500 litres per millioen litres waste:and drains easily with

no objectionable odours.

- Tatlock (73) has described the. treatment process used to.treat

the wastes from two yeast factories in Illinois - one.at Pekin-and the

-other. at Crystal Lake. The Pekin plant has’six.digestérs operating in

three stages of 2 tanks each. The overall BOD reduction is 80 to.85%
while volatile solids are reduced by 50%. It was necessary to-add dried

sludge -to the tanks on start-up: to:provide- some surface for the-active

-sludge to groew on. . The - Crystal Lake.plant also uses digestion to treat

its:waste, but.in_this:caseitwo stages. are-used followed by high-rate

- trickling filtration, settling and finally chlerination after mixing with

‘condenser water. The-final effluent is discharged directly inte a

drainage-ditch which showed no.ill effec¢ts, apart . from .a caramel-colour;
The average BOD. of the waste- treated in this plant .is 4 250 mg/l and
Tatlock points-eut the-fallacy that anaerebic digestion had been considered
suitable -only for very concentrated wastes up to.that time (1947).
y

Sonéda:and,Seiko (64) have-also successfully digested.yeast:
wastes containing 1,6% volatile matter, and determined maximum loadings
of volatile matter at 370C.of 4,8.kg/(ﬁ3day) and 8,8 kg/(m3day) in 10
and. 20" volume per cent sludgearéspectively. - Popescu EE_EL,(44) have
treated wastes. from the manufacture of compressed yeast by anaerobic
digestion. 'vThey‘achieved.70% reduction in COD in .a single-stageAplant
with a load of about 2 kg,volatile»solids/(m3day). The relatively low
efficiency is attributed to high nitrogen concentration, giving rise teo
pH values near 8,0 and volatile-acids concentratiens occasionally higher
than 10 000 mg/l. The proportion of volatile-solids transformed to
gas -was inversely proportional to,thenorganié-loading. »Very-litﬁle,.if

any sludge was:formed.




Rudolfs:and Trubnick (50) have carried out extensive-tests
over. a period of approximately 5 years on the.treatment-of wastes from
.compressed yeast manufacture-at:0ld Bridge, N.J., U.S.A.  Laboeratory
tests (50) revealed that electrodialyéis:could.remove‘up to 40% of the
oxygen conéuming3material. .Normal coagulants showed no material pre-
cipitation or clarification-.at practical desages. Biological  tests
(51) revealed that both-anaerobic. digestion-.and trickling filtratien
‘cou1d>treat the waste -economically-and were-expanded to pilot plant size.
Activated sludge-also treated the waste satisfactorily, but bulking
sludge -was.obtained. and iong;aeration,periods:woﬁld be-necessary.
Accordingly the pilet plant tests were.limited to:digestion:and trickling
filtration. - The digestion-studies (52) were carried out over a period
of 5 years: in.a 106 . m3 capacity two-stage pilot plant .and revealed that
two—stageroperation‘producedvgreater-BOD,rgggctions per ug}t BOD loeading
than did single stage operation. Loadinggiattained”iﬁfzérms'of kg/
m3day) were. 5,4 kg-volatile-matter,dr'Z,l kg'B@D, while~average—removals
were- 68% volatile matter and 85% BOD. Total gas productionshwere 470
1/kg volatile matter added, while the-gas:containgg.on.average*ZSZ carbon
dioxide.and 2,5% hydregen sulphide. Observatiéhé oh;theasludgeaduringv
this period (54). indicated that'a minimum quantity-of sludge was required
for:efficient operation, but that too much sludge- was detrimental to-the
tféatmént'efficiency'since~conditions:given for«quieséent.Operationxare
that the:sludge should occupy between,one-eighth-and one-half of the |
‘*,digéétér volume ;- under agitated .conditiens, however, the loadings to
" the same-amount of ‘sludge-can be-increased. greatly. The:- trickling fil-
tration tests (53) were carried out in two:pilet scale-filters 1,2Amv
deepfand'4,5 m in ‘diameter. filled with cecrushed rock 2,5 tof6,25‘cm_in
diameter and .fed by rotating distributers. FiveAyeafs of tests indi-
cated that 507% of the BOD:applied was removed, irrespective-of whether
the,loadAapplied-was_in*theaform.of raw waste-or .anaerobic digester effluent,
or mixtures: of raw and‘pré-digested.material. Leadings. of up to:.0,25
kg BOD/(m3day) to‘0,28,kg;BOD/(ﬁ3day) were.possible-without material re-

tardation of -purificatien. The-quélity of the-efflﬁent depended. on




-31.-

the raw BOD.concentratien, while-recirculation-appeared to be of value

.only as a means. of diluting concentrated materials.

An extensive- research programme-on the-treatment -and dispesal

of yeast wastes from cane-sugar molasses has been carried out by workers .
cof the National Inmstitute for Water Research of the-South African Council
- for Scientific..aﬁd Industrial Research (68). A survey of the waste
liquids preduced by the yeast factories:investigated revealed that the

- first separation waste. liquor carried about 65% of the-total organic load
while-constituting only-20 to 30% of the total effluent flow. Treatment
methods investigated were-anaerobic digestion,. activated sludge-treatmenf
‘and physico-chemical - treatment. Previous experience - indicated that
-anaérobic‘digestian-would,probably:beAtheAmost successful -and this. method
-was investigated both in'the. laberatory and in a pilot scale plant.
. The pilet plant used was:a.reversed flow “Derr-Oliverﬂ.clarigestervwith
a digestion coempartment of 6.300 1 -capacity situated hnderneath a.sett1ing
section.  Mixed liquor is displaced. frem the digestion .sectioen by raw
feed entering, an&»sludge-returnS'by gravityyafter settling:in.the‘clari-
fying compartment. The-maximum load rate-attained in the pilet plant
digester was: 4,0 kg_COD/(m3day), corresponding toa lead ratio of 0,26,
.at.a températurelef,BSOC, This:was equivalent to:a retention time:ef

6 to:9 days. ThiS'maiimum loading -in the clérigester'was,limited by
physical sludge-behaviour rather than by eoverleading .of the metabolic
capacities. of the-organisms. Laboratory digesters were-able-to’accept
loads up to three- -times that placed on.the-clarigester. "This‘indicates
that:a conventional stirred digester:followéd,by-an.efficient'settling
tank ‘need be»oniy~1/3 the size of:an equivélent'plant using a reversed
.flow-clarigester. - No declineAin,activity'ﬁaS'noted.overga period of
‘nearly three-years, indicating: that yeast waste-by-itself'is a suitable
-substrate-for supporting anaerobic metabolism. Throughout the period
of study reported on it was found that only-70% of the-applied COD could
be-decOmﬁosed»whileisomeﬂ88%-of.the'BOD was:removed. - This is indica-
tive:of theﬁpresence~of.a biologically-intractablearésidue,;confirmed by

‘the persistence of the characteristic brown:.colour of the yeast waste

i
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throughout the:whole treatment process. .Gas produced by the-digestion
‘was some- /0% of the consumed COD. ' The-ratio of the volume of gas pro-
duced per volume of feed varied between 6:1 and 8:1,. depending:on-the
-strength.of the feed. Hydrogen. sulphide constituted about 2% of the
.gas.  General conclusions drawn.about the clarigester were that while
-the .loading was limited by mechanical design,.the clarigester provided.a
“satisfactory unit for anaerobic treatment of yeast wastes in that it was
easily contrelled. and operated by nermal sewage-works'persbnnel% Labora-
tory experiments indicated that separate digestion-.of the»firstEseparation
liquor is.desirable-in view of the increased load rates and purificatien

-efficiencies possible-when digesting:this'material alone.

The activated sludge process was. also .investigated by Stander
(68) to.determine whether the-aerobic organisms:could effect any further
reduction of the.COD remaining in the-effluent freom the:anaerobic precess,
or whether the-activated sludge would be -moere effective. for treatment of
raw yeast waste. Laboratory scale-experiments were carried out and the:
-results indicated that both wastes were amenable to activated sludge
treatment. 65 to 70%.COD breakdown for raw waste-was. accomplished
while 35 to 40% could be-achieved for digestér effluent. Difficulties
weré-experienced With.the-sludgeﬁa37Wild,yeasts;tended to cause bulking
‘and protozoa were absent. With.regard.tQVtreatment.of r&%ﬂyggﬁ;gyaﬁte,
high operating costs and long retention:times (of the~same«order'AS;for
‘anaerobic d&gestion) .made‘the’process economically unattractive. . Its
.feasibility for the treatment of digester effluent,.however,,néeds:to be
-evaluated.in terms of existing‘trade;efflueht charges. = Physical treat-
ment of the:wastes was:alSo.investigated. Flocculation with regular
flecculants: was unsuccessful in-that excessiVeﬂdosageS‘of flocculants were
‘required for small decreases in COD. Adsorption .tests:were-run .with
coalwand.smokelessvfuel (soft coke). - These:two adsorbents-wefe4capab1e
-of reducing the COD of the-effluent, but. .the-quantities required.Wére
-completely unworkable. The-final cenclusion:drawn frem the report is
that the streng yeast wastes (COD  20:000 mg/l) should be separated and

treated by anaeroebic:.digestion, the - effluent from.this,procesé being
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combined with the-weaker factory effluents: and discharged to the municipal

sewer or irrigated.

2.5. ANAEROBIC FILTER

2.5.1. Development

McCarty (32) built the first anaefobic-filter consisting simply
of a glass bottle filled with stones, through the-voids of which waste
‘was passed while micro-organisms: growing on the stones purified the-waste.
This prototype was then developed into the-anaerobic filter as described
by Young and McCarty (75)..  This consisted of a 15,2 cm diaméter plexi-
glass tube-2 m high packed with .2 to:3 cm diameter round quartzite- stones.
A synthetic waste was. fed to the -bottom of the filter and flowed upwards
through the packing, completely submerging it and thereby ensuring:anae-
-robic conditions for‘the-sludgé-growing'on.the surface-of the stone »
packing. The aim of the experiments was:.to prove-that the filter
could treat efficiently at ambient temperature waste-of a low strength
not normally-treatable-anaerobically. To.this end, the filters were
‘maintained. at 25°Crwhile<a synthetic protein --carbohydratevwasfe‘with
‘a COD varying between 1 500 and 6 000 mg/l was,fed.at rates sufficient
to give leadings of 0,43 to:3,40 kg COD/(day m3 of tetal filter volume).
These loading rates corresponded to theoretical liquid retention- times
of 72 to 4,5 hours while COD reductions-obtained varied between 93 and 607%
respectively.  Suspended solids in the-effluents from the filters were
very low : only-at retention times of 4,5 hours did the suspended solids
in the effluent rise to 250 mg/l-and these were easily settleable.,

Sludge growth in the columns: was:also:very low: £for the protein-
-carbohydrate waste, some 85% of the:applied COD. appeared as methane,

the remaining 15% going to form biolegical solids; while with.a volatile
acid feed, the-conversion of COD to methane was. almoest 100%. In terms
.0f COD profiles up the filter, at the low loadings 90% COD was removed
in approximately 0,7 m, while at the higher rates, the whele filter

height was required to achieve 607 reductioen. . The remarkable- success
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2.6, CONCLUSION

Despite the many variables affecting‘the-proéess, anaerobic
digestion has been shown to be capable-of treating:a wide variety of wastes,
both.démestic:and.industriaI; The type:.of treatment.system chosen depends
largely on the characterists of the waste, particularly with regard te its.
strength and selids content: thésg*wastes-with_largezquantities of suspen-
ded solids being treatable.in.a completely mixed digester; but wéstes with
few solids require,éludge reéycleée or.an anaerobic filter to maintain.a
sufficiently high slﬁdge-concentratioh for economic . treatment. Various
chemicals can upset the balance between the complicated biological processes
that go to make up the anaerobic digestion process, and . the reduction of
these inhibitory effects has.been the subject of much study. The: treat-
ment of yeast wastes has been reviewed by several investigators, most of
‘whom come. to the conclusion that biological treatment is‘necessafy and that
anaerobic digestion is the most suiﬁable,,aerobic»treatment requiring too
‘much aeration and producing too much sludge- for subsequent disposal. . The
“anaerobic filter has been shown to be well suited to the treatment of
soluble wastes since high sludge concentrations can be-maintained by physi-
cally holding the-sludge in the filter. - .The. logical conclusion is that
yéast wastes, being.almost entirely soluble, would be-admirably suited to

treatment on- the-anaerobic filter.

The data:presented during: this survey is summarised in Table 2.1
which lists the type-of waste treated; the treatment methoed; . the scale-of
the.investigation; the loading applied and the reductien obtained, as well

as giving the-name of the principal investigator and the reference.



SUMMARY -OF LITERATURE - SURVEY DATA

TABLE .2.1.

TREATMENT . PROCESS

. REF.

(m3day)

TYPE . OF WASTE TREATED SCALE LOADING APPLIED REDUCTION OBTAINED MAiN INVESTIGATOR
Meat Packing Anaerobic Lagoons Pilot 1 100 mg/1 BOD 81 - 95% Sollo. 63
o & full o
Meat Packing jAnéerobic-Aerobicr Pilot 0,26 kg BOD/(m3 58% BOD :
: Ponds day) (Anaerobic) (Anaerobic) Rollag 47
Meat Packing Anaerobic Lagoon Full - 80 - 90% BOD Stanley 70
Slaughter & Packing _ 1,35 kg BOD/
‘House Anaerobic Contact Pilot (m3day) 95 - 96% Fullen 15
Slaughter &:Packing - 3,2 kg BOD/ ,
‘House Anaerobic Contact Pilot (m3day) 95% ~Schroepfer 59
‘Slaughter & Packing
House Anaerobic Contact Full 7 320 kg BOD/day 91% Steffen 71
Wool Scouring Anaerobic Digestion - 25 days for:9.000 | 90% BOD2q;
’ to 22 000 mg/l . 67% Fat,
BOD20 45% Volatiles Nevzorov 39
‘Wool Washing Filtration and 20.000 mg/1 : 7
Digestion Pilot BOD g 99,9% BOD Grishina 16
Paper Mill Waste -Batch-wise 50 - 70% Crude 40~ 70% Fibre
-Sludge -Digestion Lab. Fibre in 10 days ‘Destroyed -Sonoda 65
Alewife Stickliquor Anaerobic Digestidn Lab. <0,8 kg Vol.Solids | Satisfactory ‘Borchardt 2
' ' ' /(m3day)
Phenolic Wastes:
Coal Tar Anaerobic Digestion] Lab. - 90% Phenol . Chmielowski 6
Coke -Anaerobic Digestioh Lab. - 50-65% Pheriol Chmielowski 6
 Simulated Cheese Anaerobic Digestion| Lab. 2,9 kg BOD/
’ 86% BOD Harishchandra 17



TABLE - 2.1.

SUMMARY _OF LITERATURE SURVEY DATA _ (Centd.)
3
'TYPE :OF WASTE TREATED TREATMENT . PROCESS | - SCALE ;' .LOADING APPLIED | REDUCTION OBTAINED MAIN INVESTIGATOR REF.
M.S.G. Production Anaercobic Digestion |Lab. 0,17 kg BOD/
' (m3day) (Wheat
Gluten Source) 98,7% BOD Niles 41
D ,7 kg BOD/ -
'rocess) - 196,9% BOD |Niles 41
. Starch-Gluten |Anaerobic Digestion [Pilot 1,6 kg Vol. 807 Volatile
: . ISotids/ (miday) |Solids |Ling .25
Brewery |Anaerobic: Digestion |Pilot 2.9 kgBOD/ \
' : (m3day) 92-97% Newton 40
Brewery 'Anaverobic»D*igestienA {Lab. : Strong}& -Dilate | 85-90% Organic
' [Hastes, 9-11 Matter Bosch 3
Days '
.Cane Sugar Factory _‘Ana)erobi,é-])igestion Lab. 0,26:t0.1,8 { -
i ke BOD/ (m3day) 89-96% BOD Sinha .62
Wine.Distillery Anaerobic Digestion |Full 1,7 kg BOD/
' : (m3day} s
3,2 kg COD/
(m3day) 967 .BOD |Stander 67
Distillery .|Anaercbic Digestion {Eab. 118 kg Vel. Mats ...
ter/(m3day) 70% BOD |Sonoda - 64
Molasses Distillery Anaerobic Digestion |Lab. - 7 - Radhakrishnan 45
Beet Molasses 13,2 kg BGD/
Distillery Anaerobic Digestion {Lab. (zxday) 907% BOD Basu 1
CaneMolasses: Distillery Anaerobic: Digestion {Lab. |8=~12 days Reten~- _ -
Jjtion time - -1 90-95% BOD Parthasarthy 42

gﬂCS‘ﬂ‘



TABLE -2.1.

- SUMMARY OF 'LITERATURE . SURVEY .DATA

(Contd.)

TYPE .OF WASTE TREATED

(first aeration

TREATMENT PROCESS . SCALE .LOADING -APPLIED REDUCTION OBTAINED : .MAIN INVESTIGATOR REF.
‘Cane Molasses Distillery | Anaerobic Digestion | Lab. 3,0 kg BOD/ 96 ,5% BOD - Sen 61
(m3day)
‘Yeast Anaerobic Digestion - 2,5 days. for 70% BOD
& Trickling 7.000 mg/l BOD 95% .Total Rudolfs 49
Filtration
Yeast Flocculation 200 mg/1 FeSO4
(Fes0,, + Ca0r - + 600 mg/l Cal Satisfactory Federov 14
Biologically purified Adserption on Volumetric Ratio 40% BOD;
Yeast Coal Ash Lab. 1:355 Total Colour Drublyanets 12
Yeast (Cane Molasses) Anaerobic Digestion | Pilet 4,0 kg COD/ 70% COD
S (m3 day) 88% BOD Stander | 68
Yeast Anaerobic Digestion | Lab. 12,0 kg COD/ 70% .COD
' (m3 day) 887% BOD " "
Yeast Activated Sludge ‘Lab. - 65-70% COD " "
-Digester Effluent Activated Sludge .Lab. - 35-40% COD " "
Yeast Physical Treatment - - ‘Unsatisfactory " "
Yeast Soil Filter .5 cm.dose- every ~
(Irrigation) Lab. . 2. -.3 days 79% " Zawonda 76
Pilot 5 cm dose-every
3-4" days; 7-10 n u
days/month down
Yeast (Beet Molasses) Aeration with.Sewage| Full "5 kg BOD/(m> day)
-65% BOD Londong 26

- 926 -



TABLE 2.1.

SUMMARY OF ‘LITERATURE  SURVEY .DATA (Contd.)

Carbohydrate

o TYPE .OF WASTE TREATED TREATMENT . PROCESS | SCA@LEV .LOADING APPLIED REDUGTION .OBTAINED | . MAIN "INVESTIGATOR REF,
Yeast (Beet Molasses) Aeration with Sewag¢ -Full .2,6 kg BOD/
(m3day)
(Second Aeration)| 80% B@D Londong 26
Activated Sludge ‘Pilot .0,2-0,9 kg BOD/
kg MLSS 80-90% BOD - 1
Yeast 3-Stage-Anaerobic . 80-85% BOD; 50%
Digestion Full - Volatile Solids Tatlock 64
Yeast Anaerobic Digestion - 4,8 kg Vol.Matter
10 vol.% Sludge -Satisfactory . Sonoda / 64
' /
8,8 kg Vol.Matter ,f
(m3day) : J
.20 vol.% Sludge | -Satisfactoery Sonoda” - 64
Yeast Anaerobic Digestion - 2 kg Vol.Solids/
(m3 day) 70% COD Popescu 44
Yeast Electrodialysis Lab. - 40% COD Rudolfs 50
to
2-Stage Anaerobic 3 54
Digestion Piloet 2 kg BOD/(m’day); 85% BOD; 68% " "
5,4 kg,Vol.Mattef
o3 Vol. Matter
(m2day)
Trickling 0,25-0,28 kg BOD
Filtration Pilot (n3 day) 50% BOD " "
Synthetic Protein 0,4-3,4 kg coD/ 93-60% COD Young 51
Anaerobic Filter Lab. (m3day)

- P GE -



TABLE -2.1.

- SUMMARY .OF 'LITERATURE ' SURVEY  DATA

(Contd.)

. Plummer .

'TYPE :OF WASTE TREATED TREATMENT . PROCESS , - SCALE .LOADING -APPLIED ) REDUCTION.OBTAINED ’ .MAIN INVESTIGATOR REF,
Synthetic Ammoenia Submerged Filter Lab. 20 -mg/1 NH3-N

@ 30 mins. re-

-tention = 90% NH3~-N .Haug -19
Saline Agricultural ,
Water Anaerobic Filer Pilot 20 mg/1 NO3-N

@ 30 mins. Fe- _

tention :9OZ‘NO3~N Tamblyn 72
Salihe:AgriCulﬁﬁ&al
Water ) Anaereobic Filter ;Pilot - - St.. Amant 55
Carbohydrates Anaerobic Filter ‘Lab. 2,4-15§2 kg

: ’ - GOD/(m’day) 93,5-41% .COD 43

-9 C¢ -
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CHAPTER .3

APPARATUS AND OPERATION
OF THE FILTERS

3.1, APPARATUS

3.1.1. Introductioen

The- apparatus used in this. investigatien into the treatment of

yeast waste with the anaerobic filter will.be- described below. Diagrams .
-and photographs will be included to clarify the description where necessary.
A discussion of the suitability of the equipment is given in Chapter 4,
Section 4.5., but it is as well tovmenﬁion at this stage that the major
~difficulty of the whole investigation was the fluctuating flow rates of

the various devices used to feed the filters. This. accounts for.the

~wide variety of feeding devices used, as attempts were constantly being

‘made - to obtain steady flow rates.

3.1.2. Filters

The anaerobic filters: as constructed for this. study were modelled
on. those ‘described by Young and McCarty (75). . They consisted of plexi-
glass.tubing 9,4 cms internal diameter, two of the filters being 1,87 m
‘high and the-third 1,98 m high. . (Fig. 3.1). Young and McCarty (75)
stated that the sludge tended to adhere to.the surface of the packing as
.well as. grow in theAvoids;Aand-so the-packing medium.chosen.-was 1,2 em
‘porcelain Raschig rings, having:a specific surface of 400 w2 /m3 (27) and
.a void fraction.as packed of 0,62. - 4This,gave3void volumes.in Filters I
ITI and III of 8,0.1, 8,0 1 and 8,3 1 respectively. During the investi-
gation, however, the interior of these-riﬁgs_becamelclogged.withfinert
sludge, reducing the-effective specific surface to-270 m2/m3. and the void

fraction to.0,4.. All results given, however, were calculated on the
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Standard laboratory apparatus was used for chemical analyses,
with pH being measured on an Electronic Industries Limited direct reading
pH meter. A detailed description of amalytical techniques is given in

Appendix A.

3.2 OPERATION OF THE FILTERS

3.2.1. Introduction

This section gives. a summary of the main patterns in the operation
of the filters. A detailed description of the-daily performance of the
filters is given in Appendix B, while Tables of all operating results:are
.contained in. Appendix C. This section also.dealé with the-major difficul-
ties encountered during the. investigation, nearly all of which stemmed

from variations in the feed flow rates.

3.2.2. Outline of the Operation of the Filters

Two anaerobic filters, constructed . .as described in Section 3.1.2.
-above,. were seeded with sludge from laboratory digesters treating wine-waste
and placed in a room at 30°C. Feeding commenced with pure wine waste, but
yeast waste was soon added to the feed to start acclimating the sludge to
the new substrate, as this was thought to be necessary. The quantities
of yeast waste-added initially were too large, causing overloading of the
filters' capacity with the-small quantities of sludge present, as was. evi-
denced by very high acids concentrations. ~In an attempt to reduce: these
concentrations,.a 4:1 effluent to feed recycle-was set up; but was not
sucéessful, as the gas rate - one-of the main indicatd}s of the amount of
methane . fermentation taking place - continued at a low level. At this
stage (day 31) a shock load of some 10 1 of feed passed through one of the
filters overnight, and this. filter waSathenAoperated subsequently on pure
-wine waste. The feed to this filter had the pH.adjustéd to 7,0 by adding
sodium bicarbonate and this extra alkalinity also kept the pH of the filter

within an acceptable range. From day 40 onwards, effluent was again
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.recycled in:.the ratio.of 4:1 with feed and this time-was: more successful

in reduecing. the buffer needed. for the feed. Some  60% of the 0OA was being
removed by passage through.the filter at this. stage. .For the next 50
days, loading continued.at a low level, fluctuating considerably due to
pumping difficulties, however. Recycle of effluent was kept.at about

2,5:1 and . about 70% of the OA was removed.

From day 30 onwards, the other. filter kept operating on a mixture
of yeast and wine~wastes, with ‘gradually increasing proportions of yeast
waste. The loading also increased generally, but many fluctuations
were caused by pumping difficeculties. The-acids concentration .gradually
dropped from its very high levels of 7 000 mg/l near day 30 to 1 500 mg/1l
on day 94, .Once the -acids concentrations had dropped, the-gas rates fol-
lowed the load rates predictably, while.reductions of 60% in OA were effected.

Recycle of the effluent was maintained at between 4:1 and 2:1.

On day'94 the feed to both filters was stopped in preparation
for a vacation, the temperature:allowed.to,féll to.ambient, and the-filters
:were left dormént for 60 days. After this. time, the- temperature was
raised to 30°C .and tests showed the-acids:.concentratiens to be:approximately
400 mg/l and the pH 7,3. The filter that had been treating mixed yeast
.and wine waste -~ the:final.proportioh had . been 75% yeast waste - was then
started up using: pure yeast waste. feed at.a very low leading rate.
. This:was.gradually increased with no:signs of ill effects from the filter

until the loading had trebled after 10-days:to:about 1 kg COD/(m3day).

The other filter that had been treating,pureﬂwiﬁe<wasteAwas
 flushed and reseeded with digesting sewage-sludgé-and,fed.pureayeast ]
wasfey Thé-initial,loading-rate~proved to be far too high,. as the
-acids concentration rapidly increased, proving that no acclimation period
was necesSary. After about 5 days. during which fluctuations. in the load
rates were interspersed with periods of no feed to allow the:.acids concen-
tration to fall, this filter was loaded at the same level as the other.

The-operation of the two filters was then maintained in parallel.
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‘From.day 165 threugh to.day 220,. the. loadings to both. filters
were kept between 1,0 and 1,7 kg,COD/(m3day). The loading did fluctuate
-widely between these values, however, due-to pumping difficulties, but
the gas rates followed the loading rates predictably. The reductioens. in
.0A .averaged 40%-at the~béginning,_increasing to 50% by day 220. During
this period, one of the:filters received.a'large»shock-load of feed. The.
—acidschncehtrations were monitored.and. the -bottem of the filter recovered
within 12 hours of the-end of the sheck, with no.further feed, but the top

of the . filter required more than 24 hours.

“‘After this period.of_steady'operation; the. load rates to both
filters were gradually increased, reaching about 4 kg COD/(m3day) by day
240. . The:gas rates,also.increasedvcorrespondingli,vfollowing‘the—flucm
-tuations. in the-load rates. At this time-a finger pump was ‘brought into
service to replace the kinking:tubé:feed pump which had been used up to
this. tine. -Aftef starting this pump,_however,;a joint in the feed line
to one-of the filters failed and the-sludge: from the filter was lost.

This was replaced with fresh.sewage sludge-énd feeding recommenced -with
pure-yeast waste buffered with sodium bicarbonate. As before-no aceli-
mation period was necessary-and the sludge-rapidly started gassing at a.
-rate propertional to: the loeading. For the-next 17 days, the.feeds to
both.filtefs;fluctuatedvconsiderably“aboutla mean of near 2 kg €OD/(m3day)
while-about 45% reduction in COD-was.effected. During  the- following 14
days,. the loads to both.filters-were«increased signific#ntly up -to three-
-fold for the-ome:filter and two-fold for the other. .There were several
stoppages during this period, however; .caused by fractures in the feed
_lines, but the gas rates followed .the feed‘rates,closely. The COD

reductions achieved.averaged 55% (70% OA).

‘The-25. days. from day 275 to:.day 300-saw large-increases in .
feed concentration-and loading rates to both filters, but many fluctua-
-tions. eccurred in the loading rates. The- feed concentrations:doubled
te-approximately 6.000 to 7 000 mg OA/1.(16.500 to:.20:000 mg COD/1) and
the reductioens effected were:about 70% and 55% respectively for OA.and.

COD while. loadings were-about 10 kg COD/ (m3day) .
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For the-neXtv42_dayS operatiens were-very erratic. Initial
high load rates caused the-acids:concentrations in both filters to.reach
near 5 500 mg/l. A .stoppage-of feed allowed the- filters to recover but
operation continued . to be\erratic. A chemical metering pump was brought
into service during this perioed, but sludge  tended.to block the valves,

~further opsetting the-flow rates. After this period of very erratic
~operation, the-flow rates steadied out a,littie-when an aspirator: feeding
,device»wasbused.for one of the filters, bﬁt the. flow rates still fluctu-
.ated too widely for COD or OA reductions to haVe~any'meaning, however.
_For the-next 36 days, loads to both filters. fluctuated considerably, but
the;general trend in the loading was upward as. the concentrations of

both . feeds were increased to some 10 000 mg OA/1 (30 000 mg COD/1).

By this time-both filters were badly clogged with sludge-and
short-circuiting of 1iqﬁid.was taking place; . The-filters were flushed
with water and leading resumed .at the-old 1evéls,,but these proved.to be
-too:high, as the-acids concentrations immediately fose»to very high levels

.and . digestion failed. At this stage-the investigation was. ended.

A third filter was. started on day 213,.and this.incorporated.a
pump - te ecirculate part of the.contents of~the-digester‘asvdescribed in
Section 3.1.2. above. This filter was séeded.with fresh sewage- sludge
-and was fed with bure~yeast'waste. The pH of the circulated sectioen
was monitered and 1ime*water:addedvas:necessary'to.control the pH . at 7,0.
. The-feed was not buffered at all and considerable-quantities of lime
-were-required. Problems were-experienced with the-circulating pump
ras it frequently fractured the rubber tubing used, resulting in loss:of
sludge. © The filter was not digesting properly as the gas rate was

relatively  low.

.On day 231 the filter was effectively divided into three
sections - a plug flow acid-forming section.followed by a mixed methane-
forming section and a quiescent settling/polishing section. Also:about’

two-thirds of the sludge in the filter was drained and replaced with
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fresh sludge. This.seed.sludgeewas-veryfpoor,vhoWever,;andAafter:21days
.gassing had .all but ceased. Fresh_seedfsludge‘was-@btained,and buffering
continued with lime-water. vThe-gas~raté4was,low'initially,,butvdropped
rapidly after feeding:and buffering started. This indicated . that the
lime“was“inhibiting;theﬂsludge:and so the-addition of lime was.stopped.
Thergésfrate-continued,to;drop, but .not as.rapidly-as before. .Oﬁ day
-238.a fresh batch of good seed sludge was obtained and the feed was buf-
fered with 1,25 g/1 of sodium bicarbenate with provision for adding more
-if necessary. At the same time-the:"finger" feed.pump was brought into

: service-and 1oadingvcomménced.at.alglightlyfreducedirate. Problems did
ariSe«with‘thé-new pump, in that one-of the feed .pipe joints failed and
_approximately -half the sludge.leaked out. Thisswas'recovered.and re- .
placed in the-filter with no.ill-effects, but then .a further fault caused
.a large shock lead on the-filter. After these. faults. were rectified, the

. filter operated as desired in three-.stages.

From day-260 for the next 13 days, the.loading rate:-was: gradually
increased by increésing‘the-feed,concentrations to 3 600 mg OA/1 (1. 000 mg.
coD/1), from.2 500 mg-0A/1 (7.000.mg COD/1). After a shock load on day
277, the.load rate was further increased over the next:21.days with.in-
_creases. in the- feed strength. The-load rate-at this stage was just less .
than 10 kg COD/(mBGay) with a feed strength of 6 500 mg:.0A/1 and a COD
~of 18.000-mg/1. The:circulation rate.during the-whole:-period was kept
at about 80:1.and after several days:at these operating conditions.seme

.70% of the.OA.and 55% of the COD were removed.

For'thé—next'54-days, very erratic loadings occurred, with very
high acids concentrations,. caused by high initial load rates (more:than 12
kg con/ (m3day)) . The»chemical.metering.pump»was,installed.during_tbis
-period, but did little to stabilizeaflows.. .0On .day 353,. an aspirator
feeding¢devicevwas,installed‘and.for,6,days:gave-constant.feed,rates of
4,8 kg COD/(m3day) wbile*effectihg,reductiéns;in:@Auand COD. of 58% -and
51% respectively,. with feed strengths of 5 300 mg OA/1l (14 700 mg COD/1).

For the. following 13 days, feed continued with the-aspirator device-and
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increasing feed strengths. Loadings'were-erratic, however, but.a feed

of 9 000 mg OA/Ll (23 300 mg COD/1) was being delivered when.a reduction

Ageérbox became-available for the metering pump. With .a feed of 10:600
mg-OA/1:(37 300 mg COD/1) this gave steady loads: around 19 kg COD/(m3day)

with 64% reduetion in:0A. and 39% . .in COD. -Acids: concentrations during
this time-were near 5 000 mg/l, however,,so:-this cannot beAregarded.as

stable operation. of the filter.

At this stage it was obvious . that the-filter was badly clegged

with sludge, even in the:ceirculated. section where-the:eirculation ratio

‘was 100:1,. and so the filter was flushed. . On restarting, loading was

reduced to 7,5 kg'COD/(deay) but the-:acids.concentratiens had still risen

to 3.500 mg/l in the-circulated section when the. investigation ended on

day -393.

. 3.2.3.  Some:of the:Main Difficulties:encountered during Operation

. The main difficulty'encountered.during‘the:investigation was

.that the- feed flow rates fluctuated randemly frem day te day. The

-average daily fluctuation was between 10-and 15% of the mean flow rate,

but variations much larger than:this:were-alse .enceuntered,. as well-as

' .sh@ck,leads.when;large‘quantities of feed were-delivered within:a few
minutes by pumping faults. This: made it extremely difficult to oper-
-ate under constant conditions. for long enough to reach.a steady state
-in the filter in which exit conditions:ceuld have been related to.inlet
.conditions with.a.high.degree'of;ceftainty. . The-difficulties.associ~
-ated with . each of the pumps used, as well-as their advantages are-dis-

-cussed .in detail.in Chapter 4, Sectioen.4.5.3.

‘A further difficulty occurred with gas analyses.  An Orsat

apparatus.gave-the only immediately available method of ‘analysing:the

-digester gas. . The results obtained with this.apparatus were»reprd-

ducible to within 0,5%, but the overall analysis.could have been in

error. - The-analysis was carried out by observing the volume of gas
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-absorbed by concentrated potassium hydroxide solution. .This was taken
.to be-carbon dioxide, while-the-remaining gas:was:assumed to be methane.

The-analytical procedure used is described in detail in Appendix A,

Section A.2.3. Hydrogen sulphide, identified in the gas by its smell,
was reported as.carbon dioxide.since.it is abserbed by potassium hydroxide.

Any nitrogen present from air leaks or. any other sources was: reported as

.methane. These two:-gases, together comprising not mere-than about 10%
‘éf'the~gas, should.not have greatly-affected the ratio of methane to .
\carbén.dioxide, but could have caused . errors in the-measurement of the
-actual concentrations of methane-and carbon dioxide. .These errors

-could account for seme-of the discrepancy between the- observed and theo-

retical gas preductions. in the results given in Chapter 4, Section 4.3.
Gas analysis by means of a gas:chromategraph would have been preferable,
since-it would then have-been.possible to-determine-accurately carboen

dioxide, methane, hydrogen.sulphide-and nitregen. Inathistay-the

.fraction of the COD stabilized appearing:as methane-could have-been de-
-termined .and this would have:allowed.an estimation.of the.sludge-growth

rate, since the remaining COD is. used for the growth .of new micro-organisms.

Despite-these main difficulties outlined. above, valuable- ex~

perience-was gained in.the operation of the. anaerobic filter, and various

‘recommendations have:been proposed based on.this. experience. . These

experiences:and recommendations.have-been discussed.in detail in Chapter

4,.and. the recommendations proposed have been summarised in Chapter 5.
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CHAPTER 4

DISCUSSION

4.1. INTRODUCTION

‘The discussion presented in this chapter covers theiresults~of
the investigation, the:aims.of :which were to determine:the appiicability
-of the filter to.the-treatment of yeast wastes:and.the»establishmentvof>
an operating procedure-for a»laboratoryvscale-anaerobic-filter. The
-applicability of the filter to yeast wastes is discussed in detail in
-Section 4.2. below, while.an .attempt at. characterising the filter statis-
tically from operating .results is discussed in Section 4.3. The opera-
-tingAprocedure.developed.is,discussed.in;detail in Section 4.4. and it
is hoped that this procedure-will expedite-the progress. of future inves-
tigations in-.this field. Conclusians;drawn:from.the-discussion-and
.recommendations proepoesed. for future work have been incerporated . in-this

-discussion, but: are-.also.summarised.in Chapter 5.

-4.2. APPLICABILITY OF THE FILTER

In Chapter 1 it was:established that: anaerobic digestion:was
:more suitable- for treéfing;yeast waste than aerobic treatment. Briefly,
the -advantages statedvfor‘treating;strong;wastes-by‘aﬁaerobic:digestion
-were: low sludge:growth for subsequent. disposal; lew nutritienal require-
.ments because of the low sludge.growth; vno.costly-air:blowers.are'néédéd
and - the methane. formed is a useful end product. These,factorsféll cém-
bine-to make anaerobic digestion more:economical than aerobic treatment
for wastes with a COD. greater than 4.000 mg/l (7). The-main disadvantage
of ‘anaerobic digestion is a lower quality effluent than that from the

;activated sludge process. A further disadvantage for the-anaerobic
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treatment -of yeast waste-in particular:was the soluble nature of the-waste

and the~re§uirement of a selid vehicle to support the. sludge --even:if

‘this is provided merely by suspended selids. in:the waste. vAs»conciuded

in Chapter 2.thé<anaerobic;filter'with.the~sludge:suppor;ed by the packing

would appear to:effer an excellent digestion.system for yeast wastes.

The results of this. experimental investigation show that it is

possible‘te.treat yeast wastes with the anaerobic filter. The-defailéd

results given in Appendix Cjindicaﬁevthat~theimaximum~laoding;which,q@ﬁld

: beeappliedvforcextended.periods:was»lo;kg:COD/(m;day)‘whiLertheareduction~
in -COD effected by -the-filter at this loading  varied between 407 and. 60%

with a liquid retention time of. 40 hours. Another worker in the Chemical

Engineering,Department‘of.the.Universityjof.Cape.Town,‘H.I.H.‘Richter (46)

"is:at present treating the same yeast waste-as used in this investigation

with an anaerobic contact type system. This is being loaded .at 13 kg

COD/(m3day) with a 48 hour retention time, and is consistently giving

‘between 62% -and 67% reduction in COD. ,Iﬁ.compéring¢the performance -of

these two systems, it should be borne in mind that only approximately 70% .

.0of the-applied COD. appears to be biolegically degradable. .The-yeast.

waste has some 307% of the COD present-as :what are believed to be caramels

from the molasses and broken cell-walls of Saccharomyces cerevisiae
from the:growth of the yeast.  This proportion of the COD is. not de-
graded by"extehded.aerobic-or.anaerobic-treatment and the brown colour of

the waste persists through both treatment systems. In terms. of. degrad-

-able COD.applied, the anaerobic filter and the-contact type system give
.COD reductions respectively -of 57 - 85%.and 88 ~ 95%.

-No reason is immediately ebvious for the poor performance of
the -anaerobic filter. As stated:above-and in Chapter 2, the .anaerobic
filter should provide-a nearly ideal digester for the treatment of
soluble -wastes, as a high sludgerCOncentration'can be maintained perma-

nently in the filter with little fear of washout. This. is because- the

-micro-organisms are physically held in the voids of the packing:and adhere

to the surface. Also, by virtue of the plug-flow nature- of the flow
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system, the-degree-of stabilization achieved in-a given time in the filter
should be-greater than that1achieved in the completely mixed reactor for
the-same concentrations of sludge:and feed. Further experimental work
is recommended_in order to try to find the reason for this poor perform-

-ance of the.filter.

In considering further the applicability of the anaerobic-filter
to the treatment of strong yeast wastes,;the:effect of shock loads on the
filter should be discussed. These are considered in detail in Section
4.4.7. below, but general effects will be considered here. . The  feed
rates to the -filters during this investigation econtinually fluctuated by
between 10%-and 15% of the mean load. The -filters were capable of
accepting these variations with no:adverse effects, and indeed, operating
experience -showed that fluctuations of up to.20% were-acceptable. If
the feed rate suddenly increased by more than .about 20%, however, the .acids
concentration increased sharply at thefbotﬁom.of the filters and this
caused a wave:-of high acids and low pH. to pass up the filters operated in
the plug flow manner. This could cause digestion to fail throughout
the whole filter if feed were to be continued, but a rapid recovery was
.possible if the feed was stopped immediately.

‘ u\

In this susceptibility to shock loads, the filter would seem to
be-at-a disadvantage compared with the conventional stirred tank digester
in view of the inherent stability of the backmix -reactor to shock loads.
No definite-answer can be given on this question, however, as the author
has had no:.experience of operating conventional digesters. The circu~
lated filter would seem from theoretical considerations to be much less
susceptible to shock loads than the plug flow type filters, but this
‘was not obvious. from operational experience - in fact the circulated
filter seemed equally susceptible to shock loads. No real explanation
can be given for this apparent anomaly, except that possibly the degree
of mixing caused by the rise-of gas bubles in the plug flow filters was

greater than was obvious from the observed flow patterns.
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The loading of 10 kg COD/(m3day) given above was that loading

which the.experimental results indicated was the maximum which could be

-applied for extended periods:without the-.acids concentrations rising

‘over 2 000 mg/l as aceticacid. Loadings of upto 16 kg COD/(m3day) were

applied for short periods, but these caused the-acids concentrations te

.rise sharply to values up to 6 000 and 8 000 mg/l at which stage complete

-failure of digestion seemed imminent. Consequently 10 kg con/(m3day)

must be considered the maximum loading-applicable.for extended periods.

For the whole duration of‘the'investigation_the-feed rate fluc-
tuated .daily by about 10 te 15%. The possibility does arise-that

steadier operation, or indeed a different operating procedure, may in-

-creasebthe,loadings applicable. . The operating procedures used during
‘the investigation were: plug flow; plug flow with a small recycle of

"effluent, and -circulation of:part of thé-digester contents. Visual

observations on the sludge-and general operating experiences lead to: the

.conclusion that loadings on the filter can only be increased if the

activity of the sludge can be increased. Because of the .clogging
that occurred in the filters-at the end of the investigation, it is

obvious that sludge concentrations cannot be increased significantly,

“and hence the-active fraction of the sludge must be increased. There

.are two obvious procedures by which the .sludge could possibly be made

more-active: heating and_backflushing;

(i) Heating: Fig. 2.1 shows that the rate of metabélism of ‘anaerobic

‘micro-organisms doubles when the temperature is raised from 359C to 55°C

‘Hence-by heating the filters to the thermoephilic eperating range, the

loading could be doubled. Approximate calculations reveal that under
the present .conditions -.10 kg COD/(m3day) with an average of 70%
reduction of the .applied biodegradabLe-COD and a feed temperature-of

259C - some 11.000 Kcals/(m3day) of excess heat are available.for use

.in the.plant, after the heat requirements of the feed have-been deducted.

If it is assumed after heating to. 55°C that the loading can be- increased
to 15 kg COD/(m3day) and the .reduction of the biodegradable COD increased
to.90% (a doubling of the amount of COD metabolized), then.although the
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heat requirements of the feed increase-considerably, the:excess heat
available is increased to some.lS(XX)Kcals/(m3day)- These calculations
do not take into:account heat losses or inefficient heating. The - anae-
robic contact process should produce similar, or greater, quantities of

methane-in view of the better performance of this unit. The running

-costs involved would probably Be higher, however, since this process

would require more supervision than the filter because of the settling

tank necessary. These conclusions.and calculations should still be

-verified experimentally.

(ii) Backflushing: (A detailed discussion of sludge growth and cleg-
ging is given in Section 4.4.8. below). The—advaﬁtage-to be-gained
from instituting a regular backflushing programme-has not been proved
since this was beyond the scope of this investigation, but it is possible

that regular flushing would preferentially remove inert solids frem .the

-filter, allowing a more-active sludge to.develep. Whether in fact this

will occur can only be verified by experiment.

With these possibilities. in mind, it is recommended that further

investigation be undertaken to.determine the maximum loadings applicable

‘while heating the filter and with.a regular programme<of backflushing in

operation.

The presence of sulphate in the feed and its reduction to sul-

phide during digestion was confirmed by the odour of hydrogen sulphidé~in

“the digester gas.as discussed below. McCarty (30) has stated that -under

certain conditions sulphides can be inhibitory to digestion. No ebvious

inhibition was noticed during this investigation, however, and Stander et

al (68).reported‘that excess sulphide:added to laboratory digesters had

no deleterious effect on digester efficiency. In the light of this

. observation:and in the absence of any evidence to the contrary noticed

during the investigation, sulphide in the filters was not considered to
be-a problem, although its effects were-not investigated, since this was

beyond the scope-of this project. It is recommended, however, that
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The condition of low temperature for weak wastes means that the loadings

rapplicable-will -not be-as high-as those -at higher temperatures,. but' the

-temperature range of operation will depend on economic-considerations.

In conclusion it can be said that unless the.recommendations

proposed.above, coupled with those-recommended modifications to the

-operating procedure described belew, can significantly impreve the per-

formance:of the-anaerobic filter, it cannet be recommended for the. treat-

-ment of strong yeast waste over the-anaerobic contact type.process shown

in Fig. 2.4. This recommendation must .also:apply to the treatment of
other strong soluble wastes, but the.filter should be.well suited to the
treatment of weak soluble wastes, with.a COD of less than about 5 Q00

mg/1.

4.3. STATISTICAL TREATMENT OF RESULTS

One -of the aims of the.investigation was to provide: the.infor-

-mation necessary to predict the performance of .an anaerobic filter

treating yeast waste:for possible-future use.in the-design of:a large

‘scale process. Although the.fluctuations in feed rates.and other

variables discussed below-detract to some:extent from the value of the

-results obtained, these are presented below.

Since it is difficult to see the overall pattern of operatioen

from the tables-of results. in Appendix €, a summary of those results

-obtained during the closest»approéches to steady state observed during

the -operation of the filters is given in Table-4.1. It should be .

-emphasised that these results were-obtained when operating conditions

had been steady for only one theoretical time in moest cases. In

order to draw. valid conclusions.and obtain resulté:for theoretical pur-
poses, it is imperative that the.results be-obtained under proper steady
state conditions. This usually means that operating conditions must

be:steady for at least 5. retention times before the results.can be con-

sidered valid. Since.it was not possible to obtain steady-state




TABLE 4.1.

RESULTS USED IN THE .STATISTICAL -ANALYSIS

METHANE
FILTER | DAY 'FEEDFCONC' FEED RATE VAEKEEI?IN LaAD RATE EE;:FOII\EGE N ! : % COD METHANE ‘PR?DEEZION*
mg/1 mg COD/1 : | (Stabilized)

I 196 5 970 0,085 1 620 1,67 3580 , 40,0 0,111 496

I 200 6 210 0,093 1 675 1,81 3900 37,2 0,112 495
I 200 6 120 10,098 1675 1,88 3 540 42,2 0,121 457

I 203 6 210 0,093 1 620 1,25 4 130 33,5 0,091 651
IT 203 6 120 0,095 } 620 1,58 3 770 38,4 0,112 550

I 237 5 600" 0,206 1.025 3,42 .3 290 41,0 0,201 427
II 237 5 600 0,200 1.025 3,36 3.000 46,3 0,214 410
II 248 .5 820 0,114 945 2,00 3 330 42,8 .0,149 518

I <267 7 350 0,140 1-300 2,91 3 480 52,7 0,252 489
iI 267 - 6 560 -0,180 1 300 4,23 3 270 50,2 0,330 463

I 273 8 710 0,175 1 520 4,57 3 860 55,7 0,349 409

I 280 -9 130 0,211 1 710 5 72 3 650 60,1 10,400 347
I1 280 10 200 0,242 1 790 6,90 4 260 .58,3 0,439 326

I 294 12 400 0,200 1690 9,58 6 320 48,9 0,538 343
i1 313 23 200 0,179 2.960 12,50 12 200 49,8 .0,509 245

I 35 | 12 200 0,154 2560 | 6,64 5 830 52,4 0,326 279
11 350 11 900 0,170 2 600 7,28 6.730 43,5 10,291 247

Theoréticél methane preduction = 390 1 CH,/kg COD.stabilized .at 30°C, 1 atm. (28), (36).

. -
<
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results, it was decided to carry out.a statistical analysis of the results

.available, This analysis was to determine:which parameters were-signifi-

cant in determining the strength of the effluent, and the appropriate re-

sults. are given in Table 4.1,

The dependent variable in the analysis was taken to be-the
effluent concentratipn, E mg COD/l; while the independent variables con-
sidered were: the feed strength F mg COD/1; the liquid flow rate,

Q 1/hr; and the alkalinity of the feed, B.mg/l as CaC03. The cross

products, squares and reciprocals of these- independent variables:were

-also. included in the analysis. A preliminary analysis showed that B

was, in fact, dependant on F, and so. its effect on E is incorporated in
that of F on E. A further analysis showed that over the range of flow

rates considered, Q was insignificant in determining E, although the

-range -of flow rates covered was very low. This left F as the only

independent variable. The programme used. for theAanaiysis was the
standard 1.B.M. Multiple Linear Regression Program (20) modified to
read in data from cards. A listing of the programme as used is given
in Appendix E, together with a sample print-out of results. The -analy-

sis showed the following equation to be the most significant in describing

E in terms of F:

E = 2880 + 1,79 x 107°F2 e (401))

where E.and F are measured in mg COD/1. . The standard error of the

.regression coefficient was 0,11 x 10“5, while the correlation between F2

.and E was b,973,,with.a standard error of the estimate for the 17 sets

of data used of 535 mg COD/L. The F-value- for the regression of 265,7
shows that equation (4.1.) is highly significant since the F-value for
1% random chance with the .appropriate numbers of degrees of freedom is
6,2 (13). This means that the effluent strength is determined only by
the square of the feed strength within the range of operating conditions
covered. Tt does seem anomalous that the liquid flow rate:was found

to be insignificant, as the product of the flow rate and the feed strength
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is the loading rate, whichwas found from operating experience to be the
variable most important in governing the operation of the filters. This
.anomaly is explained by the very narrow range.-of flow rates represented

in the analysis (from:0,085 1/hr to:0,242 1/hr). Since the statistical
-analysis was considered only-after all the results had been record&d,
no-attempt could belmade~to cover a wider range-of flow rates.which .would
have- shown up thelrelétionship betwéen-E.and Q. A further investigatioﬁ
covering a much wider range of flow rates would be-desirable from the-
.point of view of gaining:a more-accurate-description of the filter for

prediction purposes.

_ Coupled with this, further work of a moere- fundamental nature
would be extremely useful. This work should’be"aimed.ét evaluating the
kinetic growth constants for anaerobic microbial films, using both pure
substrates and yeast waste under accurately_known-conditibns.so that
'sludge-grOWth and .gas productions -can be measured. Measurements of
the»dispersion:and'the-degree‘of'axial mixing occurring during flow
through the filter would .allow the-application of the fundamental re-
-actor design equations.developed by Levenspiel (24),p.279 and Coulson
and Richardson (9), p.7l, or the model of the filter developed by Haug
and McCarty (19). In this respect, the»gas.flow rates play an impor-
tant rdle in determining how much axia1~mixing-occurs, and measurements”
sﬁould be taken for a wide.range -of the ratio of.gas flow. rate:

liquid flow rate. The ‘measurements should be-aimed at verifying the
-application of these equations and models and so the performance of the

filter should be carefully monitored. .

The .last column in Table 5.1 gives:the volume:of methane.pro-
duced per kilogram of COD stabilized by the: filter. The -theoretical -
value of this quantity is 390 1 CH4/kgCOD stabilized, as measured at
30°C-and 1 atmosphere (28), (36). The- first eleven values in Table

-5.1. are-all greater than this theoretical value, however. Since
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and since this value has been calculated stoichiometrically, it is clear
that the experimental results given in Table. 5.l. are.in error. . There:a
are several possible sources of error which could account for the excessive

‘methane . productions observed:

(i) errors in measuring the COD of the-effluent caused by suspended
solids not removed by the-small laboratory centrifuge:available;

(ii)  prevalence of non-steady state conditions:at the times of
sampling;

(iii) errors in gas. analysis caused by the use of an Orsat apparatus
:rather than a gas chrematograph. . These:errors.are caused by
‘the presence-of nitrogen and hydrogen sulphide.in the gas which
would be reported. as methane-and carbon dioxide respectively,
as discussed below and in Appendix A, Section-A.2.3.

Probably no. single one of these sources is solely responsible

for all the error, but.a combination-of errors from.all these sources

‘would be sufficient to. explain the discrepancy between the-measured and
theoretical methane productiens. This does cast some:doubt on the
veracity of the other experimental results given in Table 4.1. and.hence
on the relationship determined between E.and F. Despite\éhis:doubt,
however, it is felt that the .variables given in equation (4.1.) are

the -only significant variables within the operating range covered by the
investigation,,although the-actual values of the.regression coefficients

may have-a relatively large error associated with them.

4.4. OPERATION OF ‘THE FILTERS

The-original plan for the .investigation was to operate.the
filters at a given feed concentratiqn~and“retention~time‘ﬁntil steady .
staté was-reached, determine the -operating parameters for this leading
-and then-inérease-the.loading. This was to continue until the maximum
vloading,accéptable by theifilters was reached. As described in detail
in Appendix B, however, the-actual operation of the filters consisted

of ‘attempts to obtain steady state conditions at various increasing
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loadings. . These-attempts were: thwarted by the large variations in flow
rates of the feeding mechanisms used. This made it extremely difficult
to maintain steady state conditions for longer than one or two days.and
led to the necessity for the statistical analysis of the.available
.results-as .described above. The following discussion covers some:of
the -more-practical. aspects of operating an anaerobic filter and is pre-
-sented in thé’hope‘that it might be of use in guiding-any further experi-

‘mental -work on-similar equipment.

4.4.1. Source of Sludge:and Acclimation

The original sludge-dosed into the filters on-day 1 came- from
laboratory digesters treating wine-distillery waste. The high acids
concentrations  observed initially;wheﬁ the:yeast waste.content of the
-feed was increased were-at first thought to be-due-to the need for
acclimation of the sludge to yeast waste. Later it was:recognised
that these high concentrations:were in fact duglto loadings higher'than
those -which the small quantity;of:sludge-present.¢ou1d handle,.and that
no -acclimation was necessary. The-acid formers present rapidly cen-
verted the yeast waste to acids, but the-few methane-forming bacteria
present were-insufficient to convert these-acids to methane-and carben
dioxide.. Further experience with sewage sludge confirmed that:ac¢li-
mationh was unnecessary and that the:acid.formers in the sludge-readily

, acceptedvpure-yéast waste.

4.4.2, Indicatiens.ef Failure of Digestion

‘When operating a-digester of any kind, it is obvieusly highly .
~desirable to have eoperating parameters which can-indicate impending
-failure - of digestion, and .allow timely remedial-action te be taken.
The-anaerebic filter is no exception, but the operating parameters can
be-a little more-difficult to define. The velatile-acids:concentration
is one of the most widely used eperatinglparameters:to monitor digestion
--any sudden rise .in the-acids concentration.is'a sure:-sign that the

-digestion is failing, and that remedial action is necessary.  Usually
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-accompanying this rise.in acids:.concentration -is an increase-in the carbon
dioxide-content of the digester gas. ' This, toee, is.a widely-used method

of monitoring digestion.and can give-early warning of impending failure.

The application of these tests.in this investigatien, however,
was hampered by the variations.in the feed flow rates, as:well-.-as by the
.pluglfioW"typerf operation of the filters. . These . flow variations
causéd.correspénding;fluctuations_in the acids:concentration and.conse-
quently . in the)carboh-dioxide‘content of the gas. Hence.it was. extremely
-difficult to interpret correctly an early warning of impending failure of
digestion,. and it was necessary for 1arge-changes-in the -operating para- .
‘meters to occur before these could be recognised as indications of failure,
‘rather than as being due to variations: in load rates,. and remedial action
takeﬁ." By the .time this:action was taken, it had to be -drastic,,and
this usually meant stopping the feed altogether to allow the filters teo

recover, as discussed below.

4.4,3. Routine Operation of the Filters

In order to-keep as close:a check .as possible.on-the operation
of the. filters, both for theoretical purposes.and to detect impending
- .failure.as early as the fluctuating leadings would allow, the following

‘tests were -carried out on samples. from-the filters:

(i) Loading Rates: These were measured.daily -in order to:eliminate

‘as much error as possible in reading:the .levels.in the feed tanks from
which the  flow rates were-calculated. The: frequency of these readings-
must be a compromise between the desire-to know the flow rate from hour

‘to hour and the-degree -of accuracy by-whiéh the flow rates can be measured.
In addition to the volumetric flew rate, the concentration of the: feed

should be- known as.accurately as possible.

(ii) Gas Productions: These were measured twice-daily in order to

record. fluctuations in-digestion,.e.g. response to an increased load
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that might otherwise have been missed. Once-again the frequency. of
this measurement is a compromise between the desire for a centinuous- re-

cording ,and the .degree of accuracy with which the measurement can be made.

(iii) Gas Analyses: This test was usually carried out daily -or when-

ever the gas collection bottles (see Fig. 3.4.) were full, as these some-
times filled up in less than 24 hours. As mentioned above, this test
is.a good indicator of the conditien of digestion and so frequency of
analysis and accuracy are most desirable. In this respect, analysis

by gas chromatography-would be more useful than analysis by Orsat appa-
ratus.as uséd in this investigation. The .Orsat apparatus requires.a
large sample-of gas which must be accumulated over several hours-at least,
and so the-advantage of knowing the condition of digestion-.at a particular
time is lost. Further the gas chromatograph can give-a quick reliable
-reading of all the components of the gas mixture, which would require

long -and tedious analysis by the:Orsat . apparatus. A suitable-gas
chromatograph was not available.during the investigation, however,.and

so the .Orsat apparatus.was used.

(iv) BE" This was measured every time-a sample was taken from the
-filters - usually abeut three times per week. The -pH was measured.at
abeut 3 or 4 points up the filters in order to check that the.initial
low pH was recovering to within the range 6,8 to 7,4 needed for optimum

.digestion.

(v) Volatile Acids:and Alkalinities: These tests were usually per-

formed twice a week or whenever changing gas.compesitions indicated that
digestion might be failing. The direct titration method of DiLallo: and
Albertson (11), described in Appendix A, Section'A.2.l., was used, as

this gave both alkalinity and volatile-acids concentrations rapidly and
easily. A series of tests on samples from several points up the filters

‘gives a good indication of the progress of digestion.
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samples are withdrawn from a filter with 8 1 of void volume, this can be
-the equivalent of % to 1 hour's flow. The-actual order of sampling
should be from the top downwards, so as noet to affect the liquid around
the subsequeiit sampling ports. Samples from near the bottom of the
filters will contain much suspended sludge, and, if this is wasted, up to
1 gram of sludge can be lost per set of samples. The effect of this on

sludge densities is discussed in Section 4.4.8. below.

4.4.4. Buffering of Feed

From the beginning of the investigation it was realised that it
would be necessary to add base to the digestion system to maintain the
required pH. The raw. undiluted yeast waste has.an alkalinity of some
4300 mg/l as GaCO3 and this would be sufficient as such, but for a feed
diluted to less than half its original strength, it would be necessary to
add base (29). The first attempts.at buffering occurred when an untreated
feed .0of low pH .had been used and the pH . at various points up the filters
had fallen te very low values. Lime water was added to these-points in
an attempt to correct the pH, but large quantities were required and a
small overdose resulted in-.a rapid rise.in pH to values near iO‘and 11.
This is discussed in Appendix B, Section B.2.1. Later it was decided
to buffer the feed to values near pH 7,0. Since  the carbdnate-bicarbon-
ate system is the natural buffering system.in anaerobic digestion,.and
sodium bicarbonate is recommended by McCarty (29), this.was chosen-as the
buffering agent. This was used througheut the investigation at dosages
of up to 2,0 g/l to give:alkalinities in the feed .of greéter than 2 000

mg/1l or pH values near 7,0, except for the instance detailed below.

When Filter 111 was started up with provision to monitor the pH
of the circulated section it was decided to use lime water again in view
of the cost of bicarbonate for a large-scale process. (This use of lime
is described in detail in Appendix B, Sections B.3.2. through to B.3.5.)
Provision was made in the mixing box where the pH was monitored for the

carefully controlled addition of lime water. Initially the system worked
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well;vand_it was possible to control the pH closely, but the.pH tended to
drop rapidly, requiring frequent additions of large quantities - up-to

1,5 1 - of lime water to maintain the pH near 7,0. When the-gas rate:
.from the second batch of seed sludge startedvdeclining‘rapidly,,theAaddi-
tion of lime water was stopped, to see:whether ‘this would improve.diges;ion.
The rate of decline decreased after the iime additions were stopped, indi-
cating that the lime was having a detrimental effect on digestion, and so
when the new batch of seed sludge was desed into the.filter, sodium bicar-
bonaté-sblution was used in the same - way to.control the. pH. Because - the
.pH tended to. drep to very, low vaiues overnight when no additiens of buffer
could be made, buffering of’the hitherto untreated feed was resorted to.
This method of:adding the required base worked well for the.rest of the

-investigation.

In view of the conclusion reached in Chapter 2, Section-2.1.3.
that lime was. one of the most suitable. chemicals for pH coﬁtrol, it is
_surprising that the use of lime.in this investigation was unsatisfactory
- indeed from the results it appeared to bevinhibitory. No definite
-explanation can be-given for this strange behaviour, but it is thought
that although ca™ has been shown to be less toxic than Na® (30), (34),
it is possible:that other cations present in-the waste exert an anta-
-gonistic effect on Na' toxicity or a synergistic effect on Ca™ toxicity,

- resulting in an inhibition by lime-but not by sodium bicarbonate.

Summarising, it was necessary to add base to the digestion sys-
tem. Lime water was.found to be inhibitory and inconvenient. :Sodium
bicarbonate-added to the:.feed :to giye*an.alkélinity;greater than .about
2 000 mg/l as €aCO3 proved to be the most successful method of adding

the required base.

4.4.5. Recycle-of Effluent and Circulation of Digester Contents

‘The main advantage to be gained from operating a plug flow
system is the greater degree of conversion attainable in a plug flow

- system than in a completely mixed reactor of the same size. This is
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‘a well-known principle of reactor design.and arises. from the fact that
.the concentration of reactants in a completely mixed system. is equal to
the effluent coencentration, whereas in a plug flow reacﬁor the concentra-
tien is everywhere greater than the-effluent concentration, resulting in
higher reaction rates for any reaction of order. greater than zero, (9),
p-6l. - Since biochemical reactions usually have an order between zero
and one (9), p. 356, this principle applies to biological waste treatment
systems.as well. The main disadvantage of:a plug flow system is in-
-stability, particularly -in the case of anaerobic digestion, where- the
products of;the-first, rapid, stage are-inhibitory to the second, rate-
limiting, step. Hence in the practical application of digestion, it
is;neceésary to stabilize the plug flow system in some-way. This can
be done-most easily by the:addition of large-quantities of buffer to the
feed 'in order to keep the pH high.and so reduce inhibition, but this can
be very costly. Another method is to compromise between the - high
conversion of the plug flow system.and the-stability of the-completely
‘mixed system by recycling effluent to:the feed. The:amount of recycle

‘used must depend on the stability required.

At the beginning of the.inVestigation,‘1@w'pH values were
observed at the bottoms of beth Filters I and II. In an. attempt to try
to stabilise the.filter, the second method. referred to above was used,

.and effluent frem the filters, with .a pH between 7,0 -and 7,3 was;reéycled
with the.feed in a ration of about 4:1. The;results‘of this:recycle
‘were not encouraging, however, as,. apart from a slight increase in the
.gas rate due te the-extra load imposed, little was gained. It was
possible to stop buffering the-feed, however, and this could represent

a considerable saving in operating costs. for a large filter, although
no.definite  results were-obtained .as to the-amount of recycle needed;
At one time-during the investigatioen, the gas rate from both filters
.dropped for no obvious reason. It was thought that an inhibiter might
be building up.in the system because of the .recycle, but an increase

in the‘recycie"ratio caused an increased .gas production disproving: the

hypothesis.
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The<opération of Filter III with continuous.ecirculatien of part
of the- contents of the»filfer revealed no significant gain over the plug
flow. type of operation of the other two filters, in terms.of COD removal
or'maximum_load.applicable. The circulation-ratio employed with Filter
III - some 100:1.- was. sufficiently large that the circulated seétion was
completely mixed, but the"liquid-flow_rate-through the voids: of the.packing
- some 4 cm/min - was insufficient to prevent clogging;énd channelling.
Also it was stillvnecessary’td.add sodium_bicarbOnateriO‘therfeed to give
an alkalinity greater'than.about 2,060 mg/1. -Further work.needslté be
done on’the-minimum alkalinity'needed by the filter for satisfactory

-operation, since this was beyond the scope of this investigation.

During the periods of regular operation, the-three effective
stages in this filter were readily apparent. The.ldwest, acid-forming
section, consistently had acids concentrations up to'2 to 3 times those
in the circulated, methane-forming, section, Fig. 4.1., while-there was
‘usually-a distinct, albeit small, diop in COD. from the middle:.section
to the-final effluent through the quiescent polishing section.  This
.indicates that the - two stages of digestioen.can be‘successfully'sep5rated.
That the~acid.formationvstage-of digestion. is rapid was shown by the high
.acids concentrations reached by the-tiﬁe-the_liquid.had,risen as far-as
.sample-point 3, 30 cms up the-packing after an average of about 6 hours.
The -circulated section was.responsible for most of the methane.formation,
since the pH in the acids section was . frequently at values below these
-at which methane inhibition had been noted in the other filters - this
usually occurred .at pH values below 6,6 to.6,8. The uppermost, settling
section ensured that the sludge stirred up by the circulation fIOW'was
not carried over into the-effluent. Near the end of the investigation,
when the filters were-badly'clogged, the .same level of effluent suspended
solidS'was‘obéerved.from this filter as from the other two. . The pH,
acids concentration and COD of the-filter effluent were.in general very
similar to those of the circulated section, implying that the settling

section did little but capture suspended . solids.
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It is obvious that a circulated filter as described above is a
logical extension of a plug flow filter with recycle of effluent, in
which the récycle has been increased to a large valve. The optimum re-
-cycle ratio needs to be determined expérimentally,?and will be.a compro-
mise between the:advantages of plug flow - high concentrations and there-
-fore high efficiencies. in the use-of the volume .of the digester --énd
thedadvantagés of completely mixed operation - provision of the required
alkalinitf.and.stability to- shock leads. The main disadvantage-ofkcom-
pletely mixed operation, viz.,.an effluent concentration:equal to that in
the-whole of the-digester, could be overcome by polishing the effluent
with, e.g. a trickling filter. It is recommended that further work be
carried out to - determine the optimum recycle-ratio,. with the main factors
to be borne in mind being the cost of the chemicals needed for buffering
the-féed, the cost of circulating the filter by pumping and also the-cost

of the-final polishing of the effluent.

4.4.6. Rate of Increase in Loading

‘The rate-at which the. loading on a filter can be-increased
without constituting-a shock load depends on the sludge concentration in
the filter, with the higher. concentrations:able-to accept faster load
.increases. After operating for some.50 days.atvloads,averaging;about
1,2 kg COD/(deay), the loading to Filter I was trebled within 3 days.
This was accompaniedly .a rise.in acids- concentrations from about.600 mg/l
to about 900 mg/l, and a slight drop in the methane content of the gas.
At the low original leading rates, this relatively high rate of increase
‘was possiblé, but at higher loadings, a lower rate was necessary. At
an original load rate of 5,7 kg COD/(m3day), the loading was:almost

doubled over a period of 20 days to reach.9,5 kg COD/(m3day). It is
| doubtful whether the loading rate-could have been increased faster over

this range without causing excessive-acids concentrations.

-4.4.7.  Shock Loads

Because of the plug flow eperation of two of the filters and

the inherent instability of anaerobic digestion, the anmaerobic filter is
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very susceptible to shock loads. The -daily  fluctuations of 10 to.l15%
in the flow rates were -handled easily by the filters, but fluctuations

of 20% or more-appeared to constitute-a shock load and required remedial
~action:as.dis¢ussed below. The-rapid metabelism of the feed into

acids (see below) caused excessive-acids. cencentrations:which depressed
the pH, thereby inhibiting digestion. As this high acids coencentration
passed up the filter, so the inhibition was carried up until the digestion
-failed completely. The circulated filter, contrary to theoretical

expectationé,ﬂappeared,equally susceptible to shock loads.

Several times during the.investigation the filters were sub-
jected to shock loads. when pumping faults caused large-quantities of feed
to flow through the filters within-a short time. The -maximum shock -
load Which can occur is when all the.liquid in the filter is replaced by
raw feed‘withinxa few minutes. This happened on several occasions,

a typical example of which is the:shock lead received by Filter II on
day - 208. On this day, some 12 1 of feed flowed rapidly through the
filter, replacing:all the liquid with fresh feed. With no further feed,
pH and acid analysis were performed at intervals:after the discovery of
the -accident. These results:are-given.in Fig. B.2. and show that the
-acids concentrations.at the bottom of the.filter rapidly increased and
then drepped again,, reaching its normal oeperating level within some.12
hours. The-acids concentration at the tep of the filter, however,
.while:following the séme~pattern, took twice as long te return to normal
levels. This time.lag can be~as¢ribed to the higher sludge concentra-
tions existing at the bottom of the-filter, resulting;in:more-rapid

metabolism of feed and -acids.

.This rapid recovery from.a sefious shock load is:encouraging,
since.it means that merely by stepping the feed until the-acids concentra-
tion has dropped --a maximum of 24 hours is.required - the effects of a
shock load can be-neutralized. This is important in possible indus-
-trial applications where the dumpipg of a contaminated.fermentatioh broth

is sometimes necessary. The filter's recovery capability from high
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racids concentrations was. further demonstrated over days 315 to: 318 when
~the -acids concentrations in-.all three filters dropped within 48 hours of
the feed beiﬁg stopped from values. between 5 300 -and 8 900 mg/1 to-valﬁes
about 900 mg/1. | |

4.,4.8. Sludge.Growth.and Cleogging

At the -beginning of the investigation after the filters had

been dosed with some 3-1 of sludge-each, this was dispersed lightly
through the whole packing, with a small region of dense sludge-at the
bottom .of the-filters not more than 5 cms-high. During the start-up
phase and until day 180, whenever a sample was withdrawn.for analysis,
the"éccompanying,sludge‘wa3ﬁwasted. This procedure could have:caused
the loss of up to 1 gm of sludge per set of samples taken, as discussed
above. The seriousness of this loss was not appreciated until it .was
noticed that the sludge in Filter II - which had been heavily seeded

with sewage sludge on . day 162 - was steadily'becominglless dense, revea-
ling packing which had initially been well covered. After day-180,. any
samples:withdrawn were-centrifuged, the sludge resuspended in deoxygenated
water and replaced in the filters. This had .an immediate effect on . the
sludge-densities and these-gradually;increa§éd until by day 310 the-first
indications of clogging were noticed, although these-were not identified
as such until later. . Firstly, large-particles of agglomerated sludge
‘started appearing regularly in the effluents. from.all three filters.
. Up to this time visual ebservation had shown the\effluents~to have neg-
.ligible suspended solids. The-practice.of returning sludge withdrawn
during sampling was. suspended when.the solids in the-effluent were noticed,
but this had little-effect on the:-effluent suspended solids,.and on day
388. these were measured at between 500 -and 575 mg/l for all the-filters.
Secondly, it was noticed that the COD. profiles up the filters no longer
decreased. steadily, but each had a minimum - see Fig. 4.2. This indi-
cated that clogging was occurring in the filters as discussed above. v
- Finally it became obvious:that the filters were badly clegged with sludge
-and on day 389 they were. flushed as:described in Appendix B, Sectien B.2.30.
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Haug and McCarty (19) also experienced problems with clegging.
.In their investigation into the nitrification of agricultural wastewater
with a submerged filter, liquid retention. times used were-as. lew as %
hour, but clegging still occurred. This was . demonstrated by the presence
of excess solids in the effluent, peaks in ammonia profiles up the filters,
.and by tracer studies. Anticipating this problem because.of their ear-
.lier work in this. field, Haug and McCarty had4run-residence-time»distribu-
tion tests on the clean unseeded filters, using the-alkalinity of tap
water as the tracer. During-the-investigation, they were'able-to:measure
-the-residence time -distribution by the same procedure,. and comparison with
the results of the.-run using the clean filter indicated whether short-
circuiting of liquid - and hence clogging - was occurring and whether
backflushing was hecessary. Haug and McCarty used regular weekly
‘backflushing with.a gentle stream of tap water flowing down the filter
to wash out excess.suspended solids. It is clear that a similar pro-
-gramme - will be necessary with the-anaerobic filter, in order to prevent
a recurrence of the badly clogged state:which existed on day 388 in-this
investigation. A regular gentle- backflushing should also prevent the
-washout of large quantities of methane-forming organisms:as occurred with
the violent flushing necessary on day 389. That this. washout occurred
.is obvious from. the high acids concentrations which existed in all three

filters on starting at the same leading rates as before flushing.

4.4.9. Dormant Periods

For 62 days Filters I and II were-allowed to:stand dormant.
The temperature -of the filters was lewered to.ambient and no load .was
applied. On restarting, low loadiﬁgs were-applied for the.first two
to three days, but no difficulties were encountered  and leading after -
this was able-to continue-normally. This. implies that the‘anaérobic
-filter can be used to treat seasonal wastes, where. it would be required
to. stand dormant between~seasons,,and could be-started up at the -begin-~

ning of each season with only-a short "awakening" phase.
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4.4.10. Qperation oen Pure-Wine-Waste.

The  operation of Filter II on pure wine distillery waste-shows
that this, too, is a suitable:substrate. for anaerobic growth. Some- 70%
reduction in OA .was achieved with 80 to.90% methane-content of the gas.
This implies:a high heating value,. and the:gas could be-a useful fuel.
The-relétive‘weakness of the waste ~ between 2.000-and 3 000 mg OA/L.-

means that a relatively short retention time may be used while feeding

undiluted waste. The fact that during operation of this filter leadings

of about 300 mg OA/hr for the 8 litres of void volume in the filter, with
a retention time of 80 hours, appeared to be the-maximum, can be :explained

by the low sludge concentrations in the filter at that time.

4.5, -APPARATUS

4.5.1. Introduction

In addition to the-discussion of the:results obtained and the

-operating procedures for the filters.it is felt that a discussion._of the
-apparatus used in-the.investigation would be of use to other workers

‘wishing to build similar apparatus. Chapter 3 gives.a detailed descrip-

tion, including photographs, of the:equipment used, and so.the following

will be limited to:a discussion.of the-:apparatus.

4.5.2. Filters

The-filters as constructed proved to be-satisfactory-research

tools. The.70 cm? cross section, while still ensuring that the-model

-adequately represented. a full_scale:filter,wallowed chemical -and féed

usage to be -kept to a minimum. The results given in Fig. 4.3. show
that the full 2.m height of the -filters was unnecessary and that essen-
tially-all the reduction took place'within‘the-first 1,2 m. The-anecil-
lary equipment - gas/liquid separator, liquid seal, etc. - all worked

well and the same layout can be.recommended for future-work.
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Some discussion is needed on the gas:collection apparatus, how-

-ever. During this investigation, the gas produced daily was collected

in large - graduated glass jars over acidified water, Fig. 3.4. Because

-gas. analyses were-carried out using an-Orsat apparatus:as.described. above,

and in Appendix A, Section A.2.3., this method of measuring gas preduction
was satisfactoery, .since large volumes of gas - up to 200 ml - were re-
quired for each analysis. If a gas chromatograph were-available- for

analysis, however, it would probably be-advantageous te use-a wet type

-gas meter to measure productions, as this.can be-read as frequently as

.desired. Also by using only up to 1 ml per sample,.accumulation of gas

for analysis:will -not be necessary and analyses can show the state.of di-

gestion at the time of sampling, rather than accumulated samples: being

-used.

The Raschig ring packing used - see-Fig. 3.2 - was not satis-
- factory, however. The insides of the rings tended to block up rapidly
‘with sludge which then became-effectively inactive. The. packing ‘was

.also susceptible to clegging because of the.relatively small void spaces.

between the rings. Raschig rings were originally designed for gas/
liquid contact, and unless very large rings - greater than-about 3 to. 4

cms diameter - are used, this type-of packing will almost certainly have

.large inactive volumes of sludge.-inside the rings. The—fings were
‘used in this investigation since-they were readily-available and little

-wass known about the characteristics of sludge:-when the investigation was

started. Tamblyn and Sword (72) in field studies on the denitrification
of agricultural wastewater using amn anaerobic filter, foumd that sand

clogged rapidly,gwhile'the-optimum:packing.appeared to-be rounded stones

.of 2,5 cm-diameter. This packing was.also used bvaéung_and McCarty

(75) and on-the basis of these results:and operating experience gained

from this investigation, this-packing must be recommended for any future

‘work .on-anaerobic filters.. . Use-of this medium in .a laboratory filter

would.reqﬁire«a filter diameter of at least 15 cms to minimise wall

effects, however, but the-advantage to be-géined.from using this.type-of

‘packing - minimum clogging - outweigh the. disadvantage of greater feed

and chemicdl use.
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.4}5.3. . Pumps

The task of feeding;the:filtérs‘at a constant, controllable

-rate-was first regarded.as-being-the:simp1e~engineering;problem of feeding

;a liquid into.a reactor at a known rate. Several different types. of

pumps were known to be:capable of performing;such.a task .on.a laboratory

scale-under faveourable conditions, and so. the simplest and cheapest was

chosen first. This was the."kinking tube" pump.

The main.advantages of this pump are.its flexibility and cheap-

ness. One ‘'small low-speed motor can drive as many feed chambers as

-desired, and each is individually variable:ever an extremely wide range.

Under ideal conditiens, the.pump can give constant flew rates, but its

‘unsuitability for thié:applicatioﬁﬂresﬁltedvfrom the fact that air-is

drawn through the- capillary tube and chamber with .every stroke. Under
non-sterile conditions,. excessive sludge growths occur and these bleck
the-capillary or change the\volume<bf'the chamber, thereby altering the
flow rate-and necessitating,frequenk'dismantling}for cleaning. . Opera=~

ting continuously at 1 stroke per minute, the pump-gave-daily flow rates

fluctuating by 10 to 15% about a mean. - It would be-pessible to set

the pump to deliver larger velumes of feed less:frequently, but although
this woeuld lérgely;eliminate-theﬂérrquvcaused by -changing chamber
volumes, the . flow of feed would become-discontiﬁﬁous. This would

mean that the-feed would be-a series of small shock leoads.rather than-a
continuous flew and as:such 'weuld be<undesirablé-in.a plug flow systeﬁ.
When it became:obvious that the.kinking tube pump was incapable:.of
delivering constant feed rates under the<cénditions-of the-investigation,

the peristaltic "finger" pump was used.

This operates.on .a completely cleosed system,.thereby elimina-
ting much of the-sludge growth, but flow rates still fluctuated by ‘be-

tween 5% -and 15%. - Anaerobic sludée-growthvstill-occurredvin the

‘closed lines, and the gas produced by these-growths tended to-affect

the flow rates. ~ Further, although the: pump dould accept up to.>5

.individual feeds, these were not separately variable. An added
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-disadvantage- of the-particular pump used was its tendency to break the-

.

-rubber tube being: squeezed. When .this. peristaltic pump proved to be

‘unsatisfactory,. an expensive pesitive-displacement metering pump was used.

- In-principle, the chemical metering pump is capable of extremely

accurate metering of: liquids, but despite the-fact that the system was

‘closed, sludge grewth caused blockéges in the valves, resulting_eithér in

no flow or excessive -flows:and use of this pump had to be-discontinued.

At this stage it was realised that it would be necessary to
have the flow control of the feeding device completely isolated from the

liquid being fed, as without sterilising the- feed, sludge-growth would

.always remain .a problem, This:condition was‘metfby the aspirator

feeding1device, described in Chapter 3, Section-3.1.3., but 10 to 15%

variations.in daily flow rates were still encountered. In searching

for a reason for these variations it was observed that temperature-changes

of T 2°C on either side of 49C.at which the feed was.stored caused the
pressure. in the  feed tanks to fluctuate. . These: fluctuations were suf-

ficient to-cause either a.cemplete stoppage of feed for up teo 10 minutes

ras the tanks cooled, or to:cause increased flow rates as the temperature

rose. The»daily'fluctuations.arosevbecause-the~volume-of;air;on which
these pressure-changes occurred was continually increasing:.as feed. flowed

out of the aspirater, and so the-fluctuatiens grew-in size. . For this

‘reason it will be necessary to:see that temperature changes in the

-aspirator are.kept to-a minimum in any future-application of this device.

The conclusien to be drawn from operating experience with the
four types of feeding. device discussed above -is tht for any application in
which a nen-sterile organic waste, or any waste-.centaining suspended

solids, is to be metered to a reactor on a laboratory scale, the-con-

-trol of the flow should be isolated from the-liqgid. .This implies

that an aspirator feeding device, or some similar device, should be

‘used. In view of fhe'simplicity of the aspirator device, this is

-recommended . for future weork in this- field.
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4.6. CONCLUSION

In concluding this:discussion of the results:of the.investigation

a summary of the-major points raised will be-appropriate.

The-anaerobic filter was. found.to be-capable:of treating strong
yeaét’waste»at loadings of up to 10 kngOD/(m3déy) with a retention time
.of 40 hours, and a COD: removal between-40%-and 60%. This- performance
is recognised as being poor,. but no~reasons_for'thiS\were«obvioﬁs, It
was nécessary to add.sodium bicarbonate to the.feed to'give:an alkalinity
greater than about 2 000 mg/l in order to buffer digestion capacity-ade-
‘quately. = Although very susceptible to.shock loads, the filter recovered
rapidly if the feed was stopped. Sludge growth in anaerobic systems is
low, but the-filters still clogged«and fluéhihg,was-necessary. Before
the- filter can be.recommended . for large scale use in.the -treatment of
yeast, or any other similar strong;wasﬁe,,attempts‘should be made- to. im-
prove:the activity of the sludge by, amoengst othér facters, heating and
-regular backflusbing. Further experimental work to investigate these
-and other poessibilities is recommended. The filter should be the most

suitable method of treating weak wastes at ambient temperatures, however.

The statistical -analysis of the .results .obtained during ap-
proaches to Steady_statefoperation showed that under the«conditioﬁs of
the . investigation, the effluent concentration iSudéﬁermined only by the
- feed strength,.and that the liquid flow rate-and theualkalinity~of the
. feed are insignificant in this determinatien. Gertain spurious gas
productions were observed, and these cast some -doubt on the results, but
'possib1e~soufces of error were considered. Before the :performance of
the . filter can be predicted with confidence, hewever, future work of a
fundamental nature.is needed. 'This-workAshould be-aimed.at both ‘
.describing the-operation of the.filter émpiricallyﬂand measuring- the .
-kinetic-growth‘constants;of\sludgeuénd the-degree-of dispetsion .occurring
in the filtef, so:that the-applicability of the:standard reaétor-design

equations:can be verified.
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It was concluded from the operation of the filters that accli-

mation of anaerobic sludge.is unnecessary. Two of the better indicators

.of impending failure -of digestion were-found to be gas cemposition-and vola-

tile-acids concentration. Routine .tests were- propoesed with which teo

.monitor the operation of the-filters. in order to detect failure and to gain

useful.information for design purposes. The buffering of the feed and

the unsuitability of lime for this purpose were.discussed, although no
satisfactory reason was found for the latter. The operatien of-thé-cir—
culated filter was found to.offer few advantages over the plug flow type
operation. .The filters were found able-to recover from bad shock loads

within 24 ‘hours of stopping. the.feed, depending on sludge concentrations.

. The onset of clogging and its;symptoms:were‘described, so that the condi-

-tion can be detected before it becomes chronic. It was also discovered

that the filters could operate readily on wine distillery waste.and that

they could be left dormant for long periods.

The Raschig ring packing used in tHe filters was found to:be
rather unsatisfactory and.rounded stones of 2,5 cms diameter were-recom-
mended for all future -work. . If the gas chromatograph is available-for
gas analysis, this should be used in cenjunction with a wet type»gas meter

rather than.the Orsat apparatus and.gas collection bottles used.in this

_investigation. Of the different . feeding devices used, the-aspirator

device was found to be the most suitable-for feeding organic wastes, but

it must be kept.at constant temperature -with no. small fluctuations.
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"CHAPTER 5

CONCLUSTIONS AND
RECOMMENDATIONS

5.1. INTRODUCTION.

This chapter gives a summary of the conclusions reached.and the
recommendations proposed during the-discussion given in Chapter 4. These
_are. first presented in detail in Sections 5.2..and 5.3., respectively and

then itemised in Section 5.4.

5.2. CONCLUSIONS

‘The major conclus}on which can be drawn from this_investigation‘
is that yeast waste can be treated by the anaerobic filter. .The filter
can accept for extended periods a loading of 10 kg ¢cOD/(m3day) based on
void volume of the packing, and gives.a reduction in COD of between 40%
‘and 60%. - It was hoped that the-anaerobic filter would be-a most succes-
sful means of treating yeast waste, since-the packing provides:a means by
‘which a high sludge concentration:can be-held in the-reactor. The results
of this investigation.as given abeove-are rather disappointing, however,
“compared with those of a contact type-process. at present being loaded at
13 kg,COD/(m3day) and .giving an average of 65% reduction in COD. There
.was no obvious reason for the poorer performance.of the filter, since
both systems were treating the same-waste, but possible causes were. low
sludge activity -caused by large quantities of inert solids in the sludge,
and inhibitien of digestion, either by sulphide toxicity or nutrient
deficiency. .0f these possible causes, the former was felt to be:the
more.likely,.and so:recommendations were made:for operation with regular
‘backflushing, but investigation of the latter possibility was.alseo

- recommnended. Because of this poorer performance, the anaerobic filter
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cannot be recommended as. it stands for application on a large scale to
the treatment of yeast wastes. Some -recommendatiens for changes in the
-operating procedure-are given below and it is hoped tht these will signi-
ficantly improve the-activity of the .sludge, which is at present limiting
‘the loading which can be:applied to the-filter. If these changes in
procedure are successful in improving  the performance of the filter, so
that it equals that of the contact system, then the. former is.recommended
for development into -a full-scale process. This recommendation .arises
because of the operating problems usually-associated with the sludge
settling and separating unit of the centact process, which is not re-
quired for the-anaerobic:filter. The-application of the filter to the
treatment of other 'industrial wastes must depend on the nature of the waste.
The operation of one-of the filters. for some 60 days on.wine distillery
‘waste showed that this waste may be successfully treated on the anaerobic
filter. It is felt that the .-filter will find its best application in
treating'relatively;weaklwéstes with.a COD of less than .about 5.000 mg/1,
. and containing very few suspended solids. This is because: the -sludge
‘retention properties of the-filter will allew very short liquid retention
times to be used while-still maintaining a high sludge-cencentratien, and

hence providing economical treatment.

It was discovered from operating experience that an alkalinity
-in the -feed of greater than,about 2.000 mg/l as CaG03 was required to
maintain the pH of the filter near the eptimum. The most satisfactory
‘method ‘of increasing the-alkalinity was.found to be- the-addition of
sodium bicarboenate to the: feed. Lime - was tried on several occasions
‘with little: success. The method used . in thesé cases was to:add lime
‘water to parts:of the - filter where low pH.values were observed, or to the
-¢circulated. section of the mixed filter. This was. found to have:an
inhibitory effect on the:-digestion and was:also:inconvenient since. large
doses were required at frequent intervals. During the initial start-
up phase it was. found that if effluent was-recycled_in a ratio of at

least 2:1 of feed, it was no longer necessary to add base to the feed

in order to:maintain the-required pH.
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The:anaerobic:filter can be- started up rapidly by seeding,heavily

with sewage sludge. An acclimation period was found to be unnecessary
-and yeast waste-could be fed directly to fresh sewage-sludge. The -plug
‘flow type filter was found.able to accept variations in leading rates of

up to ZQ%fWith no ﬁill-effects, but variations of greater than 20%  caused
rapid fai1uré ofvdigestion. The.circulated filter was operated in the
hope that it would be -more resistant to:such shock loads than the-plug

flow type filter, but no significant advantage was observed. Once-a
filter had received a shock load and excessive-acids concentrations had
caused digestion to fail, it was able to recover within 24 hours of stop-

ping,thé“feed;if_allowed to stand at the normal operating températurevof

.. 30°.

. The construction of the filters was satisfactory as described,
although it was found that little further reduction in COD took :place at
heights greater than 1,2 m in-the plug- fIOW'filters' Thls 1mp11es that
for future work on..a- plug flow ba31s, the - f11ter need be no higher than
1,2 m, but 1t is felt that a height of about 1,5m would allow some -desirable
flexibility if operation at retention times of substantially less than 40
hours. is envisaged. The Raschig ring packing used was. felt to be.less
than satisfactory,.sinceAthe-interi@rslof the rings;rabidly clogged with
.sludge, ‘becoming ineffective. Also the small size of the rings used -
1,2 cm - meant that the void spaces between the rings were small,.and this
‘led to clogging and short-circuiting of liquid faster than would prebably
haﬁe-océurred had 2,5 cm rounded stones been. used. The latter is the

.packing that has been found most satisfactory’by.other workers.

_ The method of feeding the filters caused the major. difficulties
of the investigation, with 10 to 15% variations in the:flew rates.from all
the feeding devices used, but the-aspirator device held the mest promise
.for delivering constant flow rates. These fluctuations in flow rates
-prevented sEeady state conditions from being;:gached. The results be-
 1ieved to:approach steady state most c1é$e1y-féveaied thaﬁ the effluent

strength.-depended only on the feed strength under the conditiens of the




investigation,,and was independent of the flow rate, although only a very
narrow range of flow rates (from 0,085 1/hr to:0,242 1/hr) was.covered.

The effects on-the effluent of the-alkalinity of the.feed were incorporated

in those.of the feed strength, since the-alkalinity depended on. the-feed

strength.

.In the daily operation of the filters, it was.found that routine

-analysi's of samples from the filters: for pH, velatile-acids and alkalinity

and COD. as well as measurements. of gas productions:and analyses was: essen-

:

tial.  These analyses could reveal inecreases in-.acids.concentrations:and

_carbon .dioxide content of the gas,.which are known to be: indicators of im-

pending failure of digestion.

5.3. RECOMMENDATIONS
The  recommendations proposed for further work are-aimed at dis-

covering the reason for the performance of the-filter being lower than was

_expected: These - recommendations take the form of propesals for future

programmes:of operation by which it is hoped to improve the performance .

.of the-anaerobic. filter by increasing the-activity of the sludge,.and

improving the‘ﬁnderstanding;of.the digestion process as it takes place

in the filters by studies of a fundamental nature. Recommendations

-are-also given on general operating procedures by which these programmes

should be.executed.

The recommendations. for further work of a fundamental nature

stem from the desire to apply the-general reactor design equationé (24)

p.279, (9)_pq71, to the-anaerobic filter. These. require a knowledge
.of the growth kinetics of anaerobic: filters. It is recommended that

experiments be.designed to measure these constants for anaerobic films

‘treating both yeast waste.and synthetic substrates. A comparisen of

these constants for films and suspended flocs of bacteria would alse be

.0f interest. The results of these experiments should alse include

data on sludge- growth .and gas productions. The application .and
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extension of .a model of the filter developed by Haug and McCarty (19)
requires.a knowledge of the dispersion effects®caused by rising gas bubbles
.and liquid eddies in.a plug: flow filter. These effects should be.inves-
tigated by residence time-distribution tests on .a packed column~coveriﬁ§(a
‘wide range.of liquid.and gas flow rates. The anaerobic. filter should
also be operated under a wide.range of. flow conditions to determine the

.effect on the effluent concentration of the liquid flow rate.

The first recommendation.for improving the performance:of the
filter is that a programme  of regular backflushing be instituted to prevent
clogging. It is felt that the filter should be flushed at monthly -or
even two-weekly intervals,. depending-on the- loading: applied, but the-actual
frequency of flushing required would have to be determined by experiment.
It -is hoped that this would remove inert soiids from the filter and allow

‘a more-active- sludge-to develop.

It is also:recommended that filters be operated . in the thermo-
philic temperature range (50 - 55°C) as this.should double the metabolic
‘activity of. the sludge-at 30°C. An aim of this programme of operation.
should also.be to determine whether operation at this temperature-range._ .
'will be more economical than operation in the mesophilic range (30.--35°C)

or at ambient temperatures.

Work should also be-done to:determine whether any inhibition of
.digestion is occurring in the filters from sulphide.toxicity and-whether
or not digestion is being limited by nutrient deficiency,. and what minimum
-alkalinity is reqq}red. The possibility should also be-considered of
supplying;this‘afialinity by recycling the effluent, and, if this(is'possible,.

determining the-optimum recycle ratio.

In executing these.proposed programmes, the following recommen-
dations.are-given: the filters should be packed with rounded stones 2,5
cms in diameter, and will need to be-at least 15 cms in diameter to minimise -

‘wall effects. The height of the-filters is not important if-théy'are~to
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be circulated,. but larger filters will require. larger liquid flow-rates
which should be easier to control than small flows. The -aspirator feed-
.ing device-should be the most satisfactory and is recommended for use.

The -operation of the filters should be monitored by regular measurements
of feed flow rates and gas production rates, as:well as routine-analyses
for pH, volatile acids, alkalinity, COD:and .gas analyses. BOD's should
also be-determined whenever possible. These analyses. are necessary in
order to,obserﬁe-changes_in the operating parameters which give warning

of failure of digestion.

5.4. SUMMARY

5.4.1, Conclusions

The . four major conclusions:.reached as a result of this investi-

gation are:

1. Yeast waste-can be treated by means of the-anaerobic
submerged filter

9. The filter can accept loads of up to 10 kg coDn/ (m3day)
based on void volume, for extended periods

3. This loading is limited by the:activity of thé-sludge

4, An .alkalinity of greater than-2 000 mg/1l-as CaCO3
was required in' the feed.

Other conclusions reached were:

5. The filter can successfully treat wine-distillery
‘waste and should find its best application in the
treatment of weaker wastes

6. Sodium bicarbonate:-added to the feed was a better
method of providing the required base on.a laboratory
scale than lime water dosed into the filters when
required

7. Rapid start-up: .of the filter is possible if a heavy
seed of sewage sludge is used. Acclimation to yeast
waste-is not necessary
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11.

12.

13.
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The:filter can accept shock loads: of up to 20% of

the -average . load, but is susceptible to:sudden changes
greater than this. After receiving a shock lead in
which all the liquid in the filter is:.replaced by fresh

feed, the: filter can recover within 24 hours. of the

flow being stopped

The: filters need only be.1,2 m high if operated in
a plug flow manner with a:40 hour retention time

The 1,2 cm Raschig rings used were not the best packing
as the interiors clogged with sludge-and the void spaces
were small which tended to cause: overall clogging

. The-aspirator feeding device'was the-most satisfactory

of those tested, since-its. flow-rates:were -not affected
by sludge-growth in the feed lines

- The-effluent strength was.shown to be-dependent only
ron the: feed strength under the conditions of the in-

vestigation. The-flow rate-was insignificant in
determining the effluent strength in the narrow-range
of flow rates:covered, and the effect of the alkalinity
of the feed was incorporated in that of the feed
strength

Routine-analysis of samples from the filters can
detect changes in operating parameters indicating
failure. Two of thpse-found most useful were
increases in the volatile acids concentration and
the carbon dioexide content of the gas.

,5.4.2.‘ Recommendations

The recommendations proposed for fundamental studies are:

Determination of the growth kinetics for anaerobic
films receiving both yeast waste-and synthetic sub-
strates. These results to include-observations
on sludge growth and gas productions

Measurement of dispersion effects in.flow through

packed beds caused by rising gas bubbles

Extension of the moedel proposed by Haug and McCarty
(19) on the basis of the-above results,. and then
verification of the applicability of reactor design
equations to the-anaerobic filter
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Recommendations for work to be carried out on the anaerobic

filter are:

P

RN

Operation of the filter unaér a wide range of liquid

.flow rates in order to observe the effects of flow

rate.on effluent quality

A regular programme  of backflushing be-instituted to
prevent clogging .and remove inert solids

The filters should be heated to 55°C-and measurements
taken to determine whether operation at this tempera-
ture will be practicable and economical

Investigation of possible sulphide toxicity or nutrient
deficiencies inhibiting digestion

Determination of the minimum alkalinity required for
satisfactory digestion

Investigation intovthe\possibility-of‘supplying;this

-alkalinity by-recycling'effluent,;and, if successful

the optimum recycle’ ratio

In executing these.proposed experimental programmes the - following

are recommended:

10.

11.

12.

Rounded stones:of 2,5 cm diameter should be used as

packing medium

The~operation.of'the»filters.should be monitored by

‘routine chemical analyses

The:filterStshould be fed by an aspirator feeding
device maintained at constant temperature.
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APPENDTIX A

ABBREVIATIONS _AND ANALYTICAL .PROCEDURES

. - ABBREVIATIONS

BOD

BOD20

BOD

abs

COD

MLSS.

OA

The folldwing abbreviations have been used in this thesis:

Biochemical Oxygen Demand. This is the oxygen demand exerted
in 5 days atHZOOC‘from a wastewater saturated with dissolved

oxygen by a seed of micro-organisms (66);

These are respectively the BOD exerted over: 20 days and the

ultimate, or absolute, BOD.

Chemical Oxygen Demand. This is the oxygen equivalent of
the material in a sample as determined by refluxing with

chromic acid for two hours (66).

Mixed Liquor. Suspended. Solids. This is the concentration of
suspended solids in the mixed liquor of an activated sludge

system (66).

Oxygen Absorbed. This is the oxygen equivalent of the material
in a sample as determined by oxidation with potassium permanga-
nate at 27°C for 4 hours. This is a similar measure to the

COD, but the -oxidation is much less severe, giving lower results
(38).
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-Where: 'Vacid = volume of standard sulphuric acid used to
.titrate to pH 4,0 in ml
TNacid = Normality of standard sulphuric acid; usually y
0,050 or 0,100 |
fvsample = Volume of sample used, in ml

The volatile acid alkalinity determined by the back-~titration

was calculated as mg/l CaCOS according to equation (A.2):

VOLATILE ACID ALKALINITY = Valk X Napx ¥ 30000
| Vsample coee. (AL2)
Where Valk = Volume of standard sodium hydroxide solution used

to titrate from pH 4,0 to 7,0 in ml

N . = Normality of standard sodium hydroxide solution

alk
usually 0,050 or 0,100

v = Volume of sample used in ml.
sample
The difference between the total alkalinity calculated from
equation (A.1) and the volatile acid alkalinity calculated from

equation (&.2) is the bicarbonate alkalinity, in mg/l as CaCOq

The volatile acids concentration in mg/l as acetic acid was cal-
culated by multiplying: the volatile acid alkalinity from equation (A.2)

by the appropriate factor, determined as follows:

Case 1 180 mg/l volatile acid alkalinity
Volatile acids = Volatile acid alkalinity x 1,50

Case-2 <180 mg/l .volatile acid alkalinity

Volatile -acids = Volatile acid alkalinity x 1,00
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In order to minimise volume effects during the titrations, the
strengths of the acid and alkali solutions were adjusted so that not

more than 10 ml of the solutions were used for the titrations.

. A.2.2. Chemical Oxygen Demand (COD)

As in "Standard Methods" (66),

A.2.3. Gas Analyses

Gas analyses were carried out using an Orsat apparatus with 50%
potassium hydroxide solution as the absorbent (74). The analysis was
carried out by drawing 100 ml of sample gas into a graduated bulb by
manipulating a reservoir of liquid, contacting the gas with potassium
hydroxide éolution, and observing what volume of gas was absorbed.

This was taken to be carbon dioxide and the remaining gas to be methane.
The confining liquid used for mast of the investigation was mercury, and
‘a correction was -made for the water vapour present in the gas, which was
collected over acidified water. Late in the investigation the confining
liquid was changed to acidified water in order to eliminate the correc-

tion for water vapour.

~A.2.4. Total Kjeldahl Nitrogen

As in "Standard Methods" (66).

A.2.5. Oxygen Absorbed (OA)

The procedure used for this test was that recommended by the
National Institute for Water Research of the South African Council for
Scientific and Industrial Research (38). This lists two variations -
the British method and the South African Bureau of Standards (SABS)
method. .The basic procedure is the same for -each variation : 10 ml
of '25% sulphuric acid are placed in a wide-mouthed stoppered jar, a

known quantity of N/80 potassium permanganate solution is added and
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V = Volume taken of undiluted sample, in ml.

H
]

‘Factor of the sodium thiosulphate solution.
.This factor f is the ratio of the actual normality of sodium thiosul-
phate solution to 1/40, and is determined by the standardization with

the primary standard, potassium iodate.

A.2.6. Solids Tests

The total solids and total volatile solids were determined as

given by "Standard Methods" (66),

.Suspended solids and volatile suspended solids were determined
as directed by "Standard Methods", except that Whatman No. 542 filter
‘paper was used with a Buchner funnel in place of the Gooch crucible
recommended. Two -"blank" determinations were run at the same time

to determine -weight losses by the filter. paper.

A.2.7. Sulphate

As in "Standard Methods" (66).
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APPENDIX B

DAILY RECORD OF . THE PERFORMANCE .OF THE FILTERS

B.1 INTRODUCTION

This Appendix gives a detailed chronological report of the day-to-

~ day operation of the three anaerobic filters used in the investigation.

The filters were-considered to be operating well when the volatile
acids concentration at sample point 4, 45 cms up from the bottom of the
filters, was low ~ less than 2 000 mg/l as acetic acid - and when the pH
at sample point 1 was above-6,8. These points were used because nearly
all the acid formation took place within the first few centimetres of the
filter, giving rise to the lowest pH. If the acid concentration had not
dropped beloW'theAsb-called danger level of 2 000 mg/l by sample point 4
there was cause for concern that the filter might go "sour" due to this
wéve of high acid concentration inhibiting all the methane-~producing
bacteria up the filter.‘ >Digestion.was considered to have failed when
the acid concentration roese-sharply, this usually being accompanied by
a rapid drop in pH and an increase in the carbon diexide content of the
gas produced. A recovery was usually pessible if the. feed was stopped

and the -filter allowed to stand.

B.2 DETAILED REPORT OF OPERATION, FILTERS T AND IT

B.2.1.  Source of Seed Sludge and Start-up

Since.the sludge -in the filters would be required to treat a strong
industrial waste, it was reasoned that a sludge already adapted to such a
waste would require a shorter startFup period than ordinary sewageAsludge.
"Accordingly, sludge was obtained from laboratory digesters treating wine
distillery wastes at the National Institute for Water Research of the
South African Council for Scientific and Industrial Research.at Bellville,
Cape. At the same time, and whenever necessary afterwards, a supply of

the wine distillery waste was collected for acclimation to yeast waste.
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Each of the two filters used in the initial stages of the investi-
gation was given a dose of about three litres of sludge containing some 2%
solids in a heavy bottdm’seeding, as recommended by Young and McCarty (75)
as being the - quickest method of starting an anaerobic filter. The filters
‘were.fed initially with pure wine-waste,. but the pH rapidly dropped to 5,2
te 5,4 -and by day 3 gas production had all but ceased. Lime water was
added at strategic points up theAfilters,in an . attempt to correct the pH,
since it was established in Chapter 2 that this was the most suitable
-chemical for pH control in failing digesters, but the filters did not
recover. (The use-of lime is discussed in Section &4.4.4.) The liquid
was then drained and the - filters flushed gentlvaith water so as to retain
the sludge, and feeding recommenced on day 6. The feed used was buffered
to pH 7,0 with sodium bicarbonate, and had 12% of the.0A load contributed by
yeast waste. This was satisfactory and the production of gas by the fil-
ters increased, indicating improved digestion. On day 16, the proportion
of yeast waste in the feed was increased to 70% of the.0A load, while the
liquid retention time was 70 hours, and the strength of the feed was 8. 220
mg/1. This proved to be too great an increase, however, since the vola-
tile acids concentration in the filters rose-to about 8.000 mg/l as acetic
acid, while the percentage of carbon dioxide (COZ) in the:.gas was 73% on day .
16.  Accordingly the feed rate:was reduced to give-a liquid retention
time of 150 to:200 hours. This reduced the proportion of COp in the gas
to-55 to 60% on day 17 but the-acids remained high at values between
7 500 and 16‘000 mg/1. . The total alkalinity was approximately 10 000

mg/l as calcium carbonate -up to.day 27.

B.2.2. High Acids Concentrations.and Effluent Recycle

In an attempt to reduce- these high concentrations effluent was
recycled in.a ratio of. 2 : 1 with the raw feed as from day 28. At the
same- time the proportion of yeast waste.in the feed was dropped to 48%
of the load while Bufferingvof the feed to pH 7.0 with sedium bicarbonate
continued. The net effect was to increase the gas production slightly.
It was decided on day 31, after a pumping fault the preceding night had
allowed 10 1. of feed to flow through Filter No. II within an hour, to
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change this filter te operation on pure wine-waste. . This was to deter-

-mine whether or not the anaerobic filter could also treat wine waste.

B.2.3. Filter II : Days.32 -~ 94.: Qperation on Pure -Wine Waste

.From day 32 to day 40 gas production by this filter remained very
low (approximately 0,04 1/hr). This correspohded to a low loading rate
of 100 mg OA/hr for the filter. -Effluent was recycled overnight between
days 37 and 38 and resulted in higher loadings, but the-gas production
remained low. When the- recycle was stopped, the leoading decreased but
not to the same level as before the recycle, while the gas rate increased.
During this period, the pH of samples taken from various points up the
filter varied from near 6,2 at the bottom to 6,4 in the:-effluent, while

the gas contained some 60% methane (CH4).

From day 43,.the load rate to Filter II was:increased . four-fold
from .approximately 120 mg;dA/hr to 460 mg OA/hr as effluent was recycled
at a-ratio.of 4 : 1 of feed. At this stage, addition of sodium bicar-
bonate to -the feed was discontinued .since-the pH of the:combined réw-feed
‘and recycle-was 6,8. The-alkalinity dropped from 6. 810 mg/l on day 42
to 4.150 mg/l on- day 56. The . increased load caused a.steady increase
in gas production.from 0,05 1/hr on day 40 to- a maximum of 0,48 1/hr on
day 47. At the same time the acids concentration remained near 7 000
mg/l and the gas. averaged 78%vCH4. The pH .fluctuated quite:-widely,
- but tended to steady out over the range:.6,8 to 7,0. During this period
the .0A of the feed combined with the recycle was 1 630 mg/l while that
of the effluent was 700 mg/l., a reduction of 57%. Reasonably steady
operation continued unﬁil day 53, when the:gas rate from Filter II suddenly
started dropping rapidly, after a small decrease in loading. This rapid
decline in gas rate-continued until day 58, at which timefgas production
had all but ceased. At the same.time, the pH.of the filter rose -to 7,2
-and the.CH, content of the gas to 85%. At this time.it was noted that
the -feed had much mould growing on the surface, and this probably caused a
rabid decline . in feed strength. .The acids concentration in the filter,
however, remained near 4 000 mg/l. By day 60, new feed had been procured,

effluent recycle was maintained at 4.: 1 and the gas productions rose
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rapidly in résponse«to:the loading rate-reaching 500 mg OA/hr. - Pumping
difficulties dropped this-almost immediately.to;ZQG mg/hr causing;a.slower
increase .in gas rates, which, by day'64,,had.feached.a peak of 0,47 1/hr,
the.CHy content, however, having .dropped to 71%. The pH at this fime
varied between 6,4 and 6,8, the-acids. concentration was slightly over 4 000
'mg/1 and the total-alkalinity was 4 300 mg/l, while a 69% reduction in 0A
of the.raw feed from.2 390 mg/1 was effected. Loading rates held steady

at between 250 and 2801mg/hr'until day'7O,VBut gas productiens. dropped from
the .peak of 0,47 1l/hr to 0,1 1l/hr during day 70. ‘A possible reason.for

this decline in.gas production was that a build-up:of seme-inhibitory sub-
-stance was taking place because of the .continued recycle-of effluent.
.To test this hypothesis, the pump settings were.changed to:lower the recycle
-ratie .to:2.: 1, but before this could take-effect, the raw feed chamber
. blocked, resulting in an increased recycle.ratio of 10,5 : 1. .Gas produc-
tion doubied to:0,13 1/hr with this increase, showing that inhibition
was not the cause of the-decline noticed earlier, and indicating;instéad

that . the - feed was Very'old.

- From day 73 to 78 feed rates were virtually nil, because of pump
difficulties, but low pH .of the-feéd and .a low recycle ratio caused the pH
at the bottom of the filter to fall to 6,2. . On.day 78 leading was:commenced
with fresh feed with .sodium bicarbonate added to pH 7,0, at. a rate of 240

‘mg/hr, and a recycle-ratio of 2,25 : 1. .Gas productions increased sharply
to a peak of: 0,27 1/hr on.day 79. Loading continued at 290 mg OA/hr to day
82 when it increased to 330 mg/hr. .Gas productions only respended on day

-84,”however, when they increased rapidly to 0,28 1/hr from 0,18 1/hr, while
-pH remainéd near:7,0. Acids concentrations averaged .3 000 mg/l for the
-rest of this phase of operation while:the alkalinity increased steadily from
2 400.mg/1 on_day-78vto.6‘500 mg/1 on_day-94,,whénxthe;phase-ended. ~ For
the-remaindér:of the-phase, days 84-t0§94,_1oadings varied rather randomly
due to various pumping difficulties, and gas ratio followed the load rates
predictably,;rising;wheﬁ_ioading‘increased,xwith.the CH, content averaging
90%.
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B.2.4. Filter I : Days. 30 --94.: Continued Conversion to Yeast Waste

From day 30 the gas produced.by Filter I operating on combined
yeast and wine-wastes increased steadily from 0,08 1/hr to 0,48 1/hr on
day 42 whilelthe»CH4»coﬁtent of the:gas rose sharply from.62% on day 29
to 69% on day 30, dropped to:62% again on day 31 and then rose-sharply to
92% on .day 38 and then dropped off to 87,5% by day 42. The percentage
reduction in OA of the feed during this period was 60% with a feed stength
of 3.260 mgOA/1l.  During the same period, the average load rate increased -
from 120 mg OA/hr to 420 mg-OA/hr on day 41, the total alkalinity increas-
-ing from 7 000 to-7 800 mg/l while the acids concentration dropped.from
7 000 mg/l on day 28 to 3.200 mg/l on day 42. The recycle ratio varied
between 4 and 5 : 1, while the pH increased.from near 7,0 to range between
7,5 and 7,9. From day 43, the loading was increased to:520 mg OA/hr and
the proporticn.ef yeast waste increased to:80%, but the gas rate, which had
‘dropped to 0,28 1/hr on day 43 due to.old feed, continued to drop, till by
day 49 it had reached 0,13 1/hr. The CH4 content of the gas averaged 827%
over this period and continued to de. so until day 60,.while the reduction in
OA of the feed drepped to only 25%. The- acids.concentration on day 47 was
2 500 mg/l and femainea at this level until day 51 when it started dropping
'steadily over theAresﬁ,ef this phase-of the .operation until by day 94 the
acids concentration:-was 1 500 mg/l. . The alkalinity dropped from.7 800 mg/l
on.day 42 to 4 .400 mg/l on day 56. The-alkalinity stayed at this level
until day 72.after which it dropped steadily to reach 3 400 mg/l on day 94.

On day 49 it was decided that the sudden change to 80% yeast waste
was too rapid and so the load was changed back to 50,5% yeast waste. This
caused an immediate.increase;in gas production to an avérage-of.0,27 1/hr'uﬁti1
.day 53, after which the gas rate started dropping:again to 0,17 1/hr on day
58. During -this period the pH had remained between 7,0 and 7,6 and the
reduction in OA increased to 57%. .On day 59 a fresh batch of feed was
made up with.65% yeast waste load, and an attempt was made to increase the
.leading rate, but the pump blocked after one day, having pumped at 850 mg
‘OA/hr  for thét time. This caused a sharp peak.in gas production en day 60
to. 0,46 1/hr but by day 62 this had dropped to 0,18 1/hr with the blocked
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feed pipe. -On restarting, the load rate-was set at 450 mg OA/hr and the
‘recycle-ratio-at 3,5 : 1. . Gas production followed the increase in leoading
‘reaching a level of 0,3 1/hr on day 65, but at this stage the recycle.line
‘blocked and .the.loading dropped to:240 mg OA/hr. Gas production decreased
to follow this decreased loading, but when recycle -was started again on day
69 at 3,5 : 1 the gas rate did net increase,_&espite.the‘fact that the

leading increased to.its former level of 450 mgOA/hr. The pH during this

time varied from,7,0fp 752 to 7,2 ~.7,6. From day 71, the lead rate de~
-creased due-to a pump blockage-.and reached zere on day 74. Pumping
‘difficulties maintained negligible load rates until day 78. . The gas rate

-had continued dropping and by day 78 was at 0,05 1/hr. On day 78 the load
rate was increased to: 360 mg/hr with 75% yeast waste.load and .a recycle
‘ratio of 2,25 : 1. This caused a very sharp increase in gas preduction
to.0,28 1/hr on.day 79 with a CH, content of 76% on day 80, which had de-
creased. by day 82 to 79,5%. The increase in lead rates had caused the pH
to drop and by day 80 this was ranging between 6,6 and 7,1. This caused
a decline in thevgas-rate'toxO,ZZ 1/hr by day 81, but it held steady at
that value, with the CH4 content steady at 80%. After this, the-phase
-concluded with varying load rates.and predictable behaviour -of the .gas

rate.

B.2.5. . Shut-Down of the. First Phase of @peration

The-start-up phase toncluded on day 94 when feeds were stopped.and
the temperature- of the room in:which the filters were kept lowered to ambient
(20.—-259C) in preparation feor a vacation. . The-filters were.left to stand
for 53 .days until day:147 at which time the temperature was raised to.30°C.
Gas production-rates from the quiescent filters were -measured on day 154.

As was to be-expected, these were:very low indeed, with Filter I giving 0,02
1/hr of gas containing some-97% CH, and Filter II producing 0,008 1/hr

of gas of similar compoesition.
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B.2.6. Restart of Filter I

On day 155 samples from different levels of Filter I showed the
acids .concentrations to be-410 mg/l as acetic acid, while the pH was 7,3 and
the ‘alkalinity 4 000 mg/l - an encouraging recovery from the operating
levels of the previous phase, which were.l 500 mg/l acids and 3 300 mg/l
alkalinity. -On the afternoon of day 156, Filter I was restarted, using
very low loadings of 40 mg OA/hr delivered by the kinking tube pump des-
cribed in Chapter 3. By the following day (157) the acids had dropped
to 350 mg/l and gas production was still at 0,02 l/hr. Loading rates
remained low, averaging about 70 -mg OH/hr until day 166 when an increase
to 180 mg OA/hr occurred. -Gas production had increased to 0,05 l/hr
while-the pH had.dropped to 7,1 .at the bottom of the filter. Gas pro-
ductions increased to 0,08 1l/hr over days 161 to 164, while the acids
concentration increased to 500 mg/l, and the proportion of methane~inafhe
-gas dropped to.89%. .On day 164 the reduction in QA of the effluent
(600 mg/l) over the feed (780 mg/l) was 23%. After dropping to 60 mg-OA/hr
on-day 165, the.loading rapidly increased again to 170 mg OA/hr on day 166.
The-gas production reached a peak of 0,15 1/hr on day 164/165 when loading

was at a minimum, but then steadied out at 0,13 1l/hr over days 166.and 167.

B.2.7. Fresh Start for Filter II - Ne Acclimation

The remaining wine waste sludge was flushed from Filter II and on
day 162, this filter was dosed with 6 L. of actively digesting sewage
sludge from the anaerobic digesters.at the lecal Athlone Sewage Works of
the Cape.Town City Council. It was decided to dispense with the
acclimation process practised earlier, and feeding was started on day 162
with pure yeast waste diluted to give an OA of 7. 980 mg/l. -Sodium bicar-
bonate was added to give:a pH of 6,6 - approximately 1,5 g/l of alkalinity
measured as CaCO3 was added - and the load rate started at 1 600 mg OA/hr.
The pH of the sewage sludge as it had been in the filter before feeding
‘commenced was 7,3 and gas was being produced at 0,6 L/hr, while the acids
concentration was 450>mg/1 and the alkalinity 3 000 mg/l as GaCO3. By
the-morning of day 163, however, the pH at the bottom of the filter had
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increased to 800 mg/l. The proportion:ef CHy, in the gas during this
period was 79%. On day 171, the load rate-doubled to 250 ‘mg OA/hr but
then decreased steadily until by day 176 the.load rate was 130 ﬁg;OA/hr.
‘During this period the gas production remained essentially constant at
0,13 1/hr, the proportion of methane decreasing from 79% to 71%, however.
From day 176 to 182 the load rate-to Filter I.fluctuated between 130 and
190 mg OA/hr with a retention time of 85 hrs., and a reduction in-OA of
40%, but the gas rate stayed near 0.14 1/hr, with the pH at the bottom

of the filter between 6,9 and 7,0, and the acids concentration at 700
mg/1. On day 183.the load rate increased to 180 mg OA/hr and stayed
near this value.-until day 185, after which it decreased to 70 mg/hr on
day 190. Gas productions had increased slightly to a peak of 0,18 1/hr
on day 186 and thereafter declined to a low of 0,13 1/hr on day 190.

At the same-time the acids concentration increased to 990 mg/l on day 190
.while the pH at the bottom .of the filter remained at 7,0. The proportion
of methane in the gas increased from 72% on day 183 to 82% on-days 185
.and 188.

B.2.9. Filter II : Days 172 - 190 : Fluctuations in Loading

On day 172, the.loading rate-to Filter II increased to 200 mg OA/hr,
but by day 175 this had dropped to. 180 mg OA/hr. On day 176.a shafprin-
crease-in loading to 240 mg OA/hr occurred, followed by an immediate decline
to 160 -mg OA/hr on day 177. During,thislperiod, the ‘gas production rate
remained steady at 0,21 1/hr from day- 171 to 176 at which time.it declined
to 0.16 1/hr and stayed at that level until day 179. . The proportion of
CHy in the gas on day 179 was 83% as compared with 74% on day 176. .On
days 178 and 179 the load rate dropped to 130 and 140 mg -OA/hr, respectively,
but on day 180, it increased again to 190 mg-0A/hr but then declined to
reach 150 mg OA/hr on day 182.  Froem day 179 to. day 181, the gas production
by Filter II increased steadily from 0,17 to.0,19 1/hr and then-rapidlybih-
creased to a peak of. 0,25 1/hr on day 182. It then declined steadily to
0,15 1/hr on day 184 after which it increased to. 0,23 1/hr on day 185 and
then dropped right down. to 0,06 1/hr on day 187. After another peak of
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0,14 1/hr overnight on days 187/188, the production dreopped again to 0,08
1/hr on day 188 and then increased to reach 0,16 1/hr on day- 191. The
load rates had increased to 180 mg OA/hr on day 183, stayed at this level
until day 185.and then started an accelerating decline to reach 70 mg/hr

by day -190.

'B.2.10 Filters I and IT : Days 191 - 206 : Constant Loadings

‘From day -190 to day 206, both Filters I .and II operated at loadings
that remained between 150 mg OA/hr and 215 mg OA/hr with retention times of
100 hrs. Gas-pr@duction-rates fluctuated rather more than did the load
rates, varying between 0,11 and 0,20 1/hr. The-acids cencentrations at
sample point 4 for Filter I decreased from 900 mg/l on day 190 to 700 mg/l
on days 196 through 202 .and then to 500 mg/l on day 207, while the alka~
linity stayed at an average-of:2 630 mg/l. The proportien of CHy, in
the-gas varied from 80% on day 190 to 77% on day 207. The pH at the
bottem of the filters fluctuated considerably, however. In Filter.I,
the pH remained at 7,0 until day 198 .at which time.it started dropping to
reach 6,7 on day 199 and then increased again to 7,0 on day 203 and then
dropped again to 6,7 on day 207. In Filter II the pH started at 7,0
on day 190, increased to 7,1l .on day 196 and then decreased to 6,8 on days
198 and 199. By ‘day 203 it had risen to 7,1 -and then dropped again to
6,7 by day 207. At the start of this period of constant leading (day
191) the reductions in OA being effected were-33 and 41% feor Filters I and II
respectively. By the middle .of this peried (day 199) these reductions in
OA had risen to.57% for Filter I.and 60% for Filter IIl with correspoending
COD reductiens of 37% and 43%. On day 203, OA reductions were 55%-and 58%

respectively.

On day 199 suspended. solids tests were carried out on samples with-
drawn from each of the. filters at different heights. Filter I showed a
suspended . solids concentration of 17 300 mg/l in the liquid withdrawn from
.sample poeint l; decreasing te:380 mg/l at sample point 11. Filter I1
showed . a similar decrease from 24 000 mg/l at sample point 3 to 780 mg/l
at sample point 11 (See Fig. B.1l)
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This period, from day 191 to day 206, is the time over which .the
most constant load rates were obtained. for an extended period out of the
whole. 394 days for which the filters were operated. .The reasons for

this constant operatien can be-given as:

(i) dilute. feed was being used and so sludge-growth
in the}feed lines was low;

(ii) the kinking tube pump was set to deliver its
" minimum volume per stroke-and this was easily
reproducible-after cleaning;

(iii) a refrigeration unit to cool the feed was
brought into operation on day 190 and this
maintained the feed temperature-at 4 f»Zo C.

An attempt .was made to reproducethe above operating conditions

from.day 212 to day 219, but this was not successful.

B.2.11. Filter I : Days 207 - 219 : Random Fluctuations in Load

On day 207 the feed rate to Filter I dropped to 140 mg OA/hr and
thereafter fluctuated randomly between 100 mg OA/hr and 200 mg ‘OA/hr until
day 219 at which time the feed rate was 80 mg OA/hr. The .gas productions
responded .as expected during this time, while acids concentrations appeared
to. remain constant as the concentration was measured at 450 mg/l at sample

pointb4 on day 219.

B.2.12. Filter II : Days 207 - 219 : Shock Load and Recovery

The-feed to Filter II also dropped on day 207 to a level of 110
mg -OA/hr. At approximately .12 noon on day 208 an accident occurred with
.the:feed pump. to Filter II causing the remaining 12 1. of feed in the
tank.té flow through the filter in a few minutes. No further feed was
given and the filter was allowed to stand in order to recover. Samples
from .4 points were taken at various intervals over the.  following:24 hours
_and .analysed for pH, acids and alkalinities. These results are presented
graphically in Fig. B.2. The - feed had been adjusted to pH 7,0 with.2 g/l
of sedium bicarbenate and this caused the-sharp peak to pH 7,0 at time

zero on the.graph of pH vs time. The gas production during this period
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rose frem 0,14 1/hr on day 208 to a peak of 0,22 1/hr after the shock
load and then dropped to 0,09 1/hr on day 210 while the filter was not
being leaded. Gas analyses before and after the- shock showed 74,5%
and 75,5% CHy respectively on days 207 and 211.

The rapid recovery of the -bottom section of the filter after this
shock léad can be attributed to the high concentration of sludge:existing
there-as shown in Fig. B.l. Further, these results. show that 24 hours
are sufficient for a complete recovery of a filter after a shdck load of
the nature described if the sludge -concentration is sufficiently high.
Feeding was. resumed on day 211 after the acids at the,top.of the filter
had dropped back to 440 mg/l. The loading rate fluctuated between 220

- mg OA/hr and 135 mg OA/hr with an average of 200 mg OA/hr until day 219.

The gas rates behaved predictably'with.fluptuations between 0,14 1/hr and
0,19 1/nr. Just béfore the feed to Filter II was resumed on day 211, the
pH at the bottom of this filter was 7,2 and this dropped to 6,8 on day-219.
" At the same time, the acids concentration at sample point 4 increased from
300 mg /1 to 430 mg/l. en day 219 and the .proportion-ef CH, in the gas
dropped from 75,5% to.73%, "

B.2.13. Filters I and IT : Days 220 - 223 : Increased Loads

Up to this stage the feed strength had been maintained at an
‘average of 2 000 mg OA/1 or 5 600 mg COD/l while liquid retention times
varied between 80 and 100 hours. It was felt that little further was
‘to be-gained by continued operation at these loading rates.and so over-
night on days 219/220 the loading rate was increased to 410 mg "OA/hr to
both Filters I and Ii<by'doubling,the liquid flow rate. This halved
the reteﬁtion time for both filters to 40 hours. The load rate-to
Filter I increased still further to 660 mg-0A/hr on day 220, but this was
reduced to 430 mg OA/hr on day 221 and Filter II was being loaded at the
.same -rate on that day. At this stage the load to Filter II started de-
creasing steadily to reach 350 mg OA/hr on day 223 when the feed pump
broke down,,causing'the‘feedvto stop. The load to Filter I had in-

creased to 480 mg OA/hr on day 221 but then decreased to 400 mg OA/hr
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when the pump stopped. The gas production rates from Filter II climbed
rapidly frem 0,14 1/hr on day 219 to.0,3 1/hr on day 220 in response to
the increased feed rate. The pattern of gas productions follewed that
of the.load rate-until day 222, when, with the loading rate decreasing
steadily as described, the-gas rate increased from 0,29 1/hr to 0,30 llhr
on.day 222 and then to 0,34 1l/hr on day 223 after which it dropped sharply
to reach 0,06 1l/hr on day 224, when the feed had stopped. The methane
content of the gas waé 70,5% on day ‘221 and this had increased to 73% on
day 223. |

The gas production from Filter I did not rise as rapidly nor reach
the same levels as that from Filter II, despite the fact that the load to
Filter I was higher than that to Filter II. The-gas production by Fil-
ter I increased steadily from 0,13 1/hr on day 219 to 0,31 1/hr on day 223.
With the cessation in the feed , the productioen dropped off to 0,19 l/hr
on day 224. .0On day 220 the acids concentration in Filter I had risen to
900 mg/1l at sample point 4, while the pH was 6,9 and the alkalinity was
L2 300 mg/l, The methane-in the .gas from Filter I was 67,7% on day 221
and this increased to 69,5% on day 223.

B.2.14. Filter I : Days 224 --232 : Fluctuating Load Rates

Feeding of Filtews I and Il was resumed on day 224 at rates.of 280
mg OA/hr for both filters.  Until day 233, the feed to Filter I fluctuated
about a mean.o6f 350 mg OA/hr with . a peak of 410 mg OA/hr on day 229 and a
minimum of 260 mg OA/hr on day 230. The gas production pattern again
followed that of the feed rate.during: the whole of the period.  The pH at
the bottom of the filter dropped from.6,9 on day 226 to 6,5 on day 232,

.while the-acids concentration remained at 850 mg/l, and the alkalinity was
2 530 mg/l on-day 226 and 2 050 mg/l on day 232 at sample peint 4. .On
day 226 the reduction in OA of effluent over feed was 58,6% (49,2% COD
reduction) while on day 232 these had dropped to 57% and 35% respectively.
The methane content of the gas on days 228.and 233.were both 71,0%.
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.B.2.15. Filter I : Days-233 - 242 : Increasing Lead Rates

On day’233 the load rate to Filter I started increasing from.an
average of:350 mgOA/hr on day 233 to-:an average of 500 mg 0A/hr on day
242,  The.daily fluctuations continued to be about 10% on eithervside
-0f the:.mean during this period but the general trend was upward as. indi-
cated. The .gas rate'did not behave-as predictably as in the previous
period, however. Initially the-gas rate. increased rapidlyvfrom_O,ZS l/hr
on day3233.to:0,38,1/hr overnight on days 234/235 and then decreased,rapidiy
‘to 0,3 1l/hr during day 235. -The-gas rate then fluctuated about.a:mean , \
0f 0,33 1/hr until day 241 when it increased to a peak of 0,4 1/hr over-
night on days.241/242, . The -methane content of the:gas dropped slightly
with the increased load rates. On day 234 the methane content was 67%
‘but this had risen to 67,7% on day 236 .and 71% on day 240 but.droppéd:backi
to 68,5% on day, 242. .The pH at the bottem of Filter I dropped to.6,5
on day 239 while the:-acids concentration at sample.point 4-alse dropped
to 650 mg/1 from:900'mg{l..on.day'232,»while‘the alkalinity;was_l 900 mg/1
The reduction in-0A effected by Filter I during this perioed was.60,6% as
‘measured on day 235, and 61,6% on day 240 with corresponding COD reductioné
‘of 40,6% and 42%. '

B.2.16, Filter II :,Days-224---242f:“Increasing Feed Rates:

The-feed rate to and the-gas productién:raterfrom Filter II followed
‘essentially the same patterns.as those of Filter I. The -only major. differ-
ence -was that the-gas rate from Filter II increased sharply to:0,35 l/hr
on day 225 immediately after the .resumption of feed, and then decreased to
average-0,27 1/hr until day 232. Anoether difference between the-two
filters was that while the load rate to Filter I was consistently higher
‘than that te Filter II, the-gas rate from Filter I was less tHan that. from
Filter II. The pH of the samples from the two filters were similar as
were the methane- contents of the-gas. The acids concentrations in Filter
II were only half those in Filter I, however, averaging 500 mg/l, with the
-alkalinity in both filters identical at the:same sample points.and times.
The same-general -similarity between the operation of the filters. continued

up to day-242 . with the -gap between the-gas productions narrowing as the
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concentration of acids in Filter I.decreased, thereby decreasing the-dif-
ference-between the acids cOncentfations in the two filtefs The reduc-
‘tion-in OA on-day 235 was 64,4% 'and 64,2% on day 240 w1th corresponding- COD
-reductions of 45% and 45, 9%.

B.2.17. Filters I and II1. Day 242 : Finger-Pump'Started

Up to' this time: the feed concentrations for both f11ters had been
kept at.about 2.000 mgrOA/hr,.and the higher load rates achieved by in-
-creasing;thelvolumetric feed retes. -During this time the shertcomings
of the kinking tube pump becameﬂqbvious,,and it was decided to use-a
"finger" pump instead, as described in Chapter 3. This:was brought into
operation.@n4day-242.feeding;both Filters I and II. During the -night of
day"242/243;_hOWevef;_a,joint.in the-feed pipe near the -bettom .of Filter I
failed and all the.liquid and}Suspendedvsludge~in the filter was lost.

B.2.18. Filter T : Day 243 : New Sludge

The. filter was redosed w1th dlgested sewage- - sludge from the Athlone
Sewage Works and. feedlng recommenced at: 230 mg- OA/hr, using yeast waste
diluted to:2: 000 mgjOA/l,,and,contalnlng-l g/l of sedium bicarbonate.
From day 243 to day 249, the finger pump - malntalned a feed rate fluctuating
by only about 3% on either side of the - mean, but by day 250 -the. fluctuations
reached'-.lO%. The leading continued. at an average-of 240 mg OA/hr from -
day 250 through day 260, with a peak of 370 mg OA/hr on day 257. . During
this time the gas preduction rate dropped from a maximum of 0,45 1/hr on
day 244 t0:0,23 1/hr on day 246 and then fluctuated about this value.until
.day 260. .During this time, the-methane in the-gas dropped. from 82,1% on
day 244 to 75% on days: 254 and 256 after which it climbed to.73,5% on day
259 and drepped back to 71,5% on-day 26l. Acids concentrations. at sample
point 4 in Filter I dropped steadily from 500 mg/l on-day 245 to 300 mg/1l
on day 260 while-alkalinities varied between 2 030:-and 2.280 mg/1. The
pH at the bottom of Filter I on day 245 was 6,4 and this had risen to 6,7
.on.day 253, but then dropped to 6,5 on day 260. The effluent strength
on day 248 .was measured at 720 mgOA/L, a reduction of 64,5% over the feed
of 2 040 mg OA/l while the COD reduction was: 46%.
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.B.2.19. Filter II. : Days.243.—-259 : Fluctuating Loads

Filter II received loadings of approximately the same.level as
Filter I. There -was, however, -a decrease. in the-.average loadings from
250 ‘mg OA/hr on day 244 to:200 mg OA/hr on day 252/523. -An:increase

-to 300 mg OA/hr occurred on:day 254, followed by a decline to: 230 mg OA/hr

.on day 255. .For most of the peried, the leading rates were-about 30

mg;OA/hr higher.than.thosé~to.Fi1tef I. The.gas rates, however, were

about 0,03 to. 0,02 1l/hr lower than those.from Filter I. The-acids con-

‘centration in Filter II increased from 700 -mg/l. on day 245 to 1 100 mg/l
*on day 254 and then dropped again to 480rmg/l on day 260, .The alkalinity

stayed near 2 000 mg/l during this time,vWhile-the\methanercontent’of the

:gasvdecreased from 71,6% on day 248 to 69;3%von.dayj254-and,increased again

to 72,2% on day 256. The pH at the bottom of this filter dropped from 6,7
on day 245 to:6,5 on day 253 and 260. The reduction in QA of the effluent

~over the feed was:62% on day 248 and 63,7% -on.day 256, with corresponding
COD - reductiens of 42,8% and 45¢2%;

-B.2.20, Filter I : Days 260 .- 273 : Increased Loads: and Broken Feed Pipes

- On day 260 it was. decided to increase the. loading rates te both
filters in order to determine-what maximum. loadings the-filters could handle.

The load rate to Filter I was increased steadily~from.230-mg‘0A/hrfon day

-259/260 to reach 470 mg OA/hr on day 263. After this. peak, however, the

load dropped to average:370 mg OA/hr frem day 264 to day 268. The initial

increasé in load rates was. effected by increasing the-volumetric: feed rate

.0f waste with .an:0A offZiBOOrmg/I but on day 263. the concentration .of feed

to:Filter I was increased to 2 600 mg-0A/1 with.l,5 g/1 of sodium bicarbenate,
and the volumetric feed rate-was:reduced to give-a 55 - 60 hours retentien

time. - On day 268. the feed tube in the. finger pump punctured, and the

-pump had .to be stripped. and cleaned. Upon resuming -feed late on day 268

- the load rate-to Filter I was 500 mg OA/hr and. the .concentration of feed

had been stepped up to 2 930 mg-0A/1l plus 1,25 g/l sodium bicarbonate,
until overnight on days 270/271 when the. feed pipe-again punctured. Upon
resuming - feed .on day 271, theaféed,strength was increased to. 3 100 mg OA/1

-and the loading was.540 mg OA/hr with.a retention time of 45 hours. This
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was maintained until day 273 when the -feed tube broke- for the third time.
From.day 260 when.the .increased- loadings were.started, the-gas rate in-
.creased .steadily from 0,24 1/hr ‘to 0,46 1/hr én day ‘264 in response to
the increase in feed. The gas rate then.drepped off to average 0,37 1/hr
‘over days 264 to 267 and on day 268 dropped to:d,ZS,i/hr becauSe;:df'the
.cessation of feed. It thén,increased te average.0,48 1/hr on:days:269 and =
270 ‘and then dropped .again-on-day-271 to 0,40.1/hr. When feed was
started again, the gas rate increased to reach 0,56 1/hr on-day 272 and
then dropped in response to the stoppage in feed caused by the broken

feed pipe. During the period when the gas rate was increasing (days

260 to .265) the methane content of the gas averaged 71,5%, but on day 267
the methané: content was down to- 68,1%. This increased when the feed
stopped, but then dropped to average 70,5% over the period days.268 to 273.
The volatile.acids concentration at sample.point 4 .in Filter I increased
on day-262.to 640 mg/1 from 300 mg/l on .day 260, but dropped again to

475 mg/1 by day 267. - The alkalinity increased from 2 300 mg/l on day
;260 to:2.530 mg/l on-day 267. - The.pH also.increased from 6,5 at the
bottom.of the filter on day 262 to 6,7 on.day-267. . The reduction in.OA
effected by the-filter was 72% .on day 268 and 70,7% on day-273, with GOD
reductions: at the-same time.of 52,7% .and 55,7%. These higher percentage
-reductions: reflect the-greater~efficiency of the filter for a more con-

centrated feed.

.B.2.21. Filter II : Days-260 - 273 : Large Increases in Lead

The-operation of Filter II over the-period days:260 to 273 followed
the same pattern-except that.the changes.in load rate -were-considerably
‘greater. The load rate increased from 200 mg: OA/hr on day 257 to reach
450 mg OA/hr on day 261 and 750 mg OA/hr on day 263. After this peak
it dropped back rapidly te 470.mg;0A/hf'ontday;264 and 430 mg -OA/hr on
day ‘266. A,short'stoppageﬂoccurred’on,day'268mwhen the pump:was: stopped
for the first time, after which it increased to. 590 mg OA/hr on-day 270
.when -the-second pump stoppage occurred, and. then:reached 700 mg OA/hr

‘on days-271 and 272, and 940 mg;OA/hr on day 273, when the .third pump
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stoppaée«occurred. These»incréased loading rates were achieved by in-
creasing the concentrations of waste fed to 2 500 mg OA/l on day 262 and
adjusting the volumetric feed rate accordingly. The-gas productions
followed the same general trends as the loading rates with the production
increasing from:0,21. 1/hr on day 259 to 0,68 1/hr on day 263. As the
load rate dgclined on days 263 and: 264, so did the-gas rate, except that
the gas rate increased to 0,6 1/hr on day 265 when the load rate had de-

creased. The variations in gas rate were far greater than these in the

load rate, but the.gas production reached a peak 0f 0,77 1/hr overnight on .2

days:273/274 and then dropped to 0,73.1/hr on day 274. The methane - con-
tent of the gas dropped to 68,8% on-day 26l .while the .gas rate was,increa-.
sing, from a value.of 72,4% on day 259. .On day 263 when the peak gas
production had been reached, the -methane content was.doewn to 66,3%, but
this increased to 69,8% the next day when the-overall production-had de-
cfeased. From then until day 273, the methane-content averaged 69,5%.,
The acids-concentration at -sample point*4-was 450 mg/l on.day 262. and
then increased to 625.mg/1vonnday‘267, while the alkalinity'increased
from 1.960 to:2. 390 -mg/l respectively.  The pH stayed constant between
6,5 and 6,6. . The-0A reductions-effected were 67% on day 268 and 68,7%
on. day-273 with COD .reductions of 50,2% and 52,7% respectively.

B.2.22. Filter I : Days 274 --277 : Decreasing Load

Filter I was started up again on day 274 at a loading of 710 mg -OA/hr
increasing to 780.mg OA/Hr on day 275 and decreasing to 500 mg OA/hr on day
-276, with a retention time of 35 to 40 hours, and.a feed concentration of
'3 580 .mg OA/1. A blockage -in the feed line on day 277 caused the;feed to
drop:to zero. The-gas rate increased from.0,54 l/hr on day 274 to-0,67
‘1/hr on day 275 and dropped to.0,22 1l/hr on day 277 with the stoppage in
feed, while the.methane.content dropped from 77,2%.oﬁ;day 274 with no feed
to 62,3% on.day 276 and then increased again. to 81% when the feed pipe
blocked on day 278. On day 275, the-acids concentration at sample point
4 had risen to 1 150 mg/l while the-alkalinity was 2 700 mg/l and the- pH
at the -bottom of the filter was 6,2 and 6,7 at sample point 4.
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B.2.23. Filter I : Days 278 - 298 : Increased Load by Increased Feed Strength

Filter I was started again on.day'278.at a loading rate-of 670 mg OA/hr

‘with a concentration of 3 250 mg OA/l in the feed and a retention time of 40
hours. This loading was steadily increased until by-day 298 Filter I was
being loaded at 1 150 mg:OA/hr with a feed of 5.920 mg OA/1l with 2 g/1 of
. sodium bicarbonate-added, and. the retention time still at 40 hours. The
fluctuations in the loadvratés during this time were approximately 10% on
either side of the mean, except for days:286 and 287 when the load rate
dropped to zero. Loading was: resumed. on day 287 at the same level as
before the stoppage. During this period, the gas rate followed the ex-~
pected pattern, increasing with increasing load, starting at 0,5 1/hr on
day 279 and reaching 1,05 1/hr on day 298. Fluctuations were-also of
the order of't 10% except for the period when the load rate dropped on
days- 286 and. 287 when the gas rate dropped to 0,48 1/hr. The methane
‘content of the ggs'showed.an overall decline from 68% on day 282 to 61,6%
on day 299. ‘Tﬁevdeclinexwas reasonably steady, apart from variations
‘when the-gas rate decreased appreciably. The acids concentration at
sample point 4 was 920 mg/l on day 28l and this decreased to 875 mg/l on
day 288 immediately after the stoppage of feed, but by day 298, the acids
had climbed tov1.870vmg/l. -The-alkalinity increased from 3 000 mg/l on
day 281l to 3 540 mg/l on.day 288 -and 4 350 .mg/l on day 298. The pH . at |
the bottom of the.-filter decreased steadily from 6,6 on day 28l to 6,4

on day 288- and 6,2 on day 298, The pH at. sample point 4 was 6,9 at

this time,. however. The reductions in OA effected by the .filter durgﬁg
‘this time averaged 70,7% with 73,6% on day 281, 68,7% onAday;287»andt6§;7%
on-day 294, COD reductions:at the.same time varied widely, from 60,1%
on day 281 to.52,8% on day 287 and.38,3% on day 294. ‘At these times the
-feed strengths were 3 480 .mg OA/l, 4 400 mg:0A/1 and 4 920 mg OA/l respec-
tively.

B.2.24, Filter II :.Days 274 -.301 : Increased Load Rates by Increased
Feed Strength '

When Filter 11 .was restarted after the third pump stoppage caused by
broken feed tubes, the loading was resumed at 880 mg OA/hr on day 274, but..—.
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this dropped steadily to 440 ngOA/hr on day 277. From day 277 to day
300, the average load rate increased from 500 mg: OA/hr to 1 850 mg-O0A/hr
on day 300, after which the feed dropped to zero on day 30l. The - fluc-
tuations in feed rates-over'this.period were -almost double-those-of the
feed to . Filter I, however, with variations of 15% to 20% on.either side-of
the mean, and with.a drop down to 75 mg OA/hr on day 297 when a blockage
occurred. Retention times during this period varied from.30 hours on
day 275 to.60 hours on day 277 and 30 hours on days 290 and 300.  During
this time, the concentration of feed increased from 3 250 mg OA/1l with 1,5
g/l of sodium bicarbonate-on day 274 to 7 660 mg-OA/1 with 2 g/l of sodium
bicarbonate on day 296. Gas productions followed essentially the-:same
-pattern as the load rate-except that .the variations during the period
days 277 to 292 were substantially smaller than .those of the feed rate
-during  the-same-period. The average-gas productions:rose-steadily
from.0,54.l/hr on.day 277 to 1,0 l/hr ‘on day 292. On days 292 .and 293,
a large-increase in gas rate to 1,5 1/hr occurred, corresponding to-an
extra large surge in the.load rate -after which thecgas production de-
creased to 1,35 1/hr on day 296. Overnight‘on'day3'296/297 a maximum
gas production.of 1,75 1/hr was observed, followed by a very sharp drop
£0:0,42 1/hr during day 297 when the feed dropped to 75.mg~OA/hf. When
loading was resumed at a higher level than before the drop, the gas rate
only increased back to 1,4 1/hr and then dropped . to 0,6 1/hr when the feed
was stopped on day 301. The methane-content of the gas:also fluctuated
considerasif“during this period, averaging 62% during days 275 to 285, in-
creasing to 73% on day 288 and then dropping to 62% on day 289. After
this it averaged 63%, gradually dropping to 56% on day 301. The -acids
concentration at sample-point 4 showed an overall rise, with concentrations
0f 675 mg/l on day-275, 820 mg/l on day 281, 1 100 mg/l on day 288, 2 200
mg/l on day 298 -and 2. 300 mg/l on day 301.  The-alkalinites at the same
-times ‘were 2 650 mg/l, 2 870 mg/l, 3 210 mg/l, 5 110 mg/l and 5 440 mg/l
respectively. The pH at the bottom of the filter started at 6,5 on day
275, rose to 6,6 on day 281, 6,8 on day 288 and then dropped t6 6,4 on’day .
298 ‘before rising to 6,7 on day-30l. ~Reductions in OA during this period
varied from 67% on day 281 to. 68,9% on day 287 and. 72,4% on day 294. Corres-
ponding COD reductions were: 56,3% on day 28l; 53,2% on day 287 and 58,4%
on day 294.
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feed stopped untll day 353 At these loading rates the hydraulic reten-

tlon times varled between ‘ nd 45 hours " The gas productions followed
‘the same pattern as the loading rates, increasing from 0,36 1/hr on day
344 to O, 62 1/hr on day 347, down to 0,56 1/hr on day 349 and finally up
to O, 68 1/hr overnight on days 351/352 before dropping to O, 38 1/hr over-
night on days 352/353 with the cessation of feed. The proportion of
methane in the gas dropped from 60,5% on day 344 to 56,9% on day 347 and
remained at that level until day 352 when it increased to 64,2%. The
volatile acids concentration at sample point 4 during the same period
stayed near 1 750 mg/l over days 344 to 347 and then increased to 2 100
mg/1l on day 350. The?alkalinities at the same times were & 710 mg/1l;

4 450 mg/l and 3 820 mg4T§ while the alkalinity of the feed was maintained
at -2 500 mg/l by addingxsodium bicarbonate in the required amounts. The
pH during this time remained above 6,8, while effluent strengths corres-

ponded to 67,4% reduction in OA (52,4% COD) on day 345 and 64,9% in OA
(52,4% C€OD) on day 350.

B.2.27. Filter II : Days 343 ~ 353 : Wide Fluctuations in Load

Filter II was still being fed by the metering pump over this period
and feed rates fluctuated widely, despite the higher flow rates, which .
shfuld have allowed better control. The load rate varied from a peak of
‘780 mg OA/hr on day 344 to 550 mg OA/hr overnight on days 344/345 to aver-
ege 700 mg OA/hr over days 345 to 35Qland then increased to 1 330 mg OA/hr
on day 352 after which the feed stopped. The overall level of loading
was generally higher over this period than that to Fiiter I, but the gas
productlon while follow1ng the same pattern as that from Filter I, was
some 15% less. The production increased from 0,42 1/hr on day 344 to O 62
1/hr on day 351 and then'dropped to 0,32 1/hr on day 352. Gas analyses
showed 58% methane on day 344, 53,6% on day 346; increasing to 57,7% on
day 347, droppiﬁg,again'to 56% on day 351 an& 53% on day 352. Acids
concentrations at sample point 4 stayed at an average of 1 :.750 mg/l over
the whole period, with alkalinities of 4 560 mg/l on day 344, 4 600 on
day 347 and 3 230 mg/l on day 350, while the.alkalinity of the feed
dropped. from.2 920 mg/l on day 347 to 2 560 mg/t on day 350. The pH at
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the bottom of the filter dropped steadily from 7,0 on day 340 to 6,6 .on
day -350. With loadings fluctuating so rapidly and widely from steady
state, the reductions in OA or COD measured do not reflect true operation

at any one level.

312n28. Filter I : Days: 353 - 389 : Increasing Feed Strengths & Loadings

Filter I continued to be fed by the aspirator feeding device from

day 353 through to the end of the period of operation on day 392. Feeding

commenced on day 353 at a loading rate of 720 mg OA/hr with a feed of 5 320

mg 0A/1, (14 900 mg COD/1) and an alkalinity of: 2 500 mg/l, corresponding

to a retention time of:58 hours. The volumetric feed rate increased until

© by day 357, the loading-was 1 100 mg OA/hr and the retention time 38 hours.

With new feed with a concentration of 6 500 mg OA/1 (17 700 mg COD/1) and
alkalinity of 2 830 mg/l, loading started at 680 mg;OA/ﬁr on day 358,
rapidly increasing to 1 340 mgOA/hr by day 360 and dropping again to 1 120
mg-OA/hr over days 361 to 363, before dropping to 520 mg OA/hr overnight
on days 364/365 . .Retention times varied.from 80 hours to 40 hours.

.New feed of 7 500 mg OA/1 (20.500 mg COD/1) and 2 030 mg/l alkalinity was

“used from day 365 with loading starting at 920 mg OA/hr and increasing

steadily with small variations to 1 360 mg OA/hr on day 376. The feed
strength was increased to 9 170 mg OA/1 (25 100 mg COD/1) on day 371. By
day 377 the load rate had decreased to 1 180 mg OA/hr and jumped to 1 880

mg OA/hr on day 378 when new feed with an OA of 10 900 mg/1 (38 500 mg COD/1)

was made up, before dropping back to an average increasing from 1 450 mg OA/hr

" on day 379 to 1 600 mg OA/hr on day 384. Overnight on days 384/385 the

feed dropped to zero, but on day 385 Filter I received a shock load of

10 400 mg OA/hr for 4,75 hours when the feed device leaked. The feed was
then stopped until the following day (386) when loading was resumed at

1 600 mg OA/hr, dropping steadily to 1 200 mg OA/hr on day 389.

In general, the gas production pattern'followed that of the load
rate, starting at 0,62 1/hr on day 353, increased to a peak of 1,06kl/hr
overnight on days 374/375. A sharp drop occurred to 0,37 1/hr on day
386 when the feed stopped but the gas rate increased again to 0,86 1l/hr
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on day 388. The methane content of the: gas rose’and fell as expected
with changing -gas rates and varied between 53% and 63%. On day 378

the confining liquid in the Orsat apparatus used for analyses was changed
from mercury to acidified water, and this gave a methane content of 48% on
-day 379, from 53% on day 378. The methane content as measured dropped
to 46% on day 382 but increased .to 57,5% on day 386 before dropping back
to 48% on day 387. The -acids concentration at sample point 4 showed
very wide fluctuations, starting at 2 020 mg/l on day 354, increasing to
"2 950 mg/1 on day 361, dropping to- 2 480 mg/l on day 365 and 1.930 mg/1
on day 367 before increasing to 4 000 mg/l on day 375 and 5190 mg/l on
day 381, while alkalinities at the same times were: & 360 mg/l, 4 600
mg/l, 4 560 mg/l, 4 730 mg/l, 4 490 mg/l and 3 540 mg/l respectively.

The pH at the bottom of the filter also varied considerably. On day

354 the pH was 6,7 and this dropped steadily to 6,1 on day 367 after
which it increased to 6,6 on day 372 .and then dropped to 5,5 on day 381l.
Effluent strengths showed reductions of 70,4% OA (53,5% COD) on day 358;
66,3% OA (49,4% COD) on day 367; 65,2% OA (47,9% COD) on day 372 and
54,47 OA (48,7% COD) on day 381.

B.2.29. Filter II : Days 353 - 389 : Fluctuating Loads

The metering pump used to feed Filter II was changed on day 353
for an aspirator feeding device and this started loading at 900 mg -OA/hr
with feed with an OA of 5 140 mg/1 (14 100 mg COD/1) and alkalinity of
2 480 mg/l, while the retention time was 45 hours. By day 357 this
had increased to 1.350 mg OA/hr and dropped again to 680 mg OA/hr on
day 358 with retention times dropping to 30 hours and increasing again
to 62 hours. By day 361 the loading had increased to 1 100 mg OA/hr,
but this had dropped baék again to 500 mg OA/hr by day 364. At this time
the strength of the feed was increased to 5 780 mg OA/1 (16 000 mg COD/1)
while the -alkalinity dropped to 2 040 mg/l. By day 374 the loading rate
had increased steadily to 1 100 mg OA/hr with an increase in feed strength
on day 371 to 7 740 mg OA/1 (20 800 mg COD/1). Retention times during
this period averaged 60 hours. After a drop to 970 mg OA/hr on day 375
the load rate increased again to 1 120 mg OA/hr on day 376 before dropping
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- to 920 mg OA/hr overnight on days.377/378. The feed strength was.again
increased, this time to 9 050 mg OA/1 (38 500 mg COD/1) and loéding re-
sumed on day 378 at 1 320 mg OA/hr. This rapidly dropped to 720 .mg OA/hr
oﬁ day -380, however, before increasing to average 1 150 mg OA/hr over days
381 to 386. Retention times at this stage averaged 65 hours. On day 387
the load rate dropped. back to 900 mg OA/hr. ‘Once again the gas production
pattern folloWéd the loading rate pattern in genéral tendencies., On day

- 354 the.gas rate was 0,52 1/hr and this increased to 0,65 l/hr on day 356
before dropping to 0,5 1/hr on days 357 to 359. By day 362, the gas rate
had increased to 0,58 1/hr, but then dropped again to 0,3 l/hr on day 364
From day 365 to days 373/374, the average gas rate increased from 0,46 1l/hr
to 0,65 1/hr, but on day 374 the gas rate jumped to 0,86 1/hr and then
dropped steadily to reach 0,55 1/hr overnight on days 379/380. From day
380 to days 385/386 the.gas rate averaged 0,64 1/hr and then dropped to
0,43 1/hr on day 386, but increased agéin to 0,52 1/hr on day 387. The
methane content of the gas averaged 56,5% over the period days 357 to 378,
with a slight increase to 59,5% on day 365 when the gas rate had dropped
appreciably. When the mercury in the-Orsat apparatus was changed to
acidified water, the methane content as measured dropped to 51% on days

379 and 380 -and to 49% over days 382 to 387. The acids concentration at
sample point 4 dropped at first from 1 750 mg/l on day 354 to 1 350 mg/1

on days 365 and. 367. By day 375 the -acids concentration had increased to
just over 4 000 mg/l, but by day 38l the concentration had dropped again

to 3 200 mg/l. The -alkalinities at the same times were: 4 .240 mg/l, 4. 850
mg/l, 4 460 mg/l, 4 380 mg/l, 4 000 mg/l, and 3 540 mg/l on day 38l. The
pH at the bottom of the filter dropped steadily from 6,9 on day 354 to 6,1
on day 38l1. Effluent stréngths-during this period reflected reductions
of 62,4% OA (43,2% COD) on day 358; 61,1% OA (47,5% COD) on day 367; 60,8%
0A (45,2% COD) on day 372 and 47,3% OA (36,47% COD) on day 381.

'B.2.30. Filters I and IT : Day 389 : Flushing

At this stage it became obvious that both Filters I and II were badly
clogged with sludge, resulting in much short-circuiting of waste through

channels in the packing, as was shown by low points in the COD profiles
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up the filters, as well as excessive carryover of suspended solids in the
effluent. The suspended solids in the effluents from the filters were
-measured on day 388. The effluent from Filter I contained 575 mg/1l of
which 87% were volatile, while that from Filter II contained 500 mg/1l
suspended solids of which 87% were volatile. In order to break up the
dense pockets of sludge which were causing the short-circuiting and to
remove some of the excess sludge in the filters both were flushed on days
388 and 389 with strong flows of tap water and spurts of nitrogen gas.
Considerable difficulty was experienced in breaking up the sludge pockets
because they had been allowed to settle over a long period, but satis-
-factory flow patterns were finally obtained. Large quantities of sludge
-were removed from each filter, but the packing and voids still contained

a good covering of sludge when feeding was resumed.

B.2.31. Filter I : Days 389 ~ 394 .: Restart

Filter I was started up late on day 389 at the same loading as before
flushing, 1 620 mg OA/hr but this dropped to 1 400 mg OA/hr by day 390, and
the feed was stopped on day 392. Gas productions started at 0,52 1/hr
late on day 389.and increased to 0,65 l/hr on day 391/392 before dropping
to 0,4 1/hr on day 393 after which no. further readings were taken. The
-methane.content of the gas started at 47,5% on day 390 but dropped to 36,5%
on days 391 and 392 before increasing to 63% on day 393. The pH as measured
at sample point 1 .on day 392 was 5,7 while the:acids concentrations were
measured at sample points 1, 4 and 9 on day 392 and these were -respectively
6 500 mg/l, 7 410 mg/léénd 5 920 mg/l. This was the reason for stopping
the feed as it was apparent that very little methane formation was taking

place.

B.2.32. Filter IT : Days 389 -~ 394 : Restart

Filter II was restarted on day 389 at a .loading of 1 040 mg OA/hr
and this increased to 1 100 mg OA/hr on day 390 before dropping to 980
mg OA/hr by day 392. Gas productions started off at 0,5 l/hr on day
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389 and this increased to 0,87 1/hr on day 391 and 0,91 1/hr on day 392
while the methane content dropped from 62% on day 390 to 51% on day 391

and 50,5% on day 392. The acids concentrations at sample points 1, &4

.and 9 were-6 610 mg/l, 4 490 mg/l and 2 635 mg/l showing better digestion

than Filter I, but were still too high. The pH at sample point 1 of
5,4 was. a further indication that the filter was being loaded too

highly, and so feeding_wés stopped on day 392.

B.3. DETAILED REPORT OF OPERATION, FILTER III

B.3.1. Filter III : Days-213 - 224 : Start-up

On day 213 a third filter was brought into operation. This filter

was identical to Pilters I and II in construcfion, except that it was 0,11
m higher and was equipped with a peristaltic pump to circulate part of

the contents of theé filter as described in Chapter 3. The purpose of
the circulation was to try to determine whether it would be possible to
use the alkalinity generated during the digestion process to buffer the
liquid in the filter, 'so that it would not be:pecessary to add base to the
feed. As initially set up, the circulation pump withdrew liquid from
sample point 9, passed it through a mixing box which had provision for
monitoring the pH and adding buffer if necessary and finally returned the
liquid to the bottom of the filter,where it joined fresh feed flowing to
the filter. The filter was seeded with .approximately 6 1. of digesting

sewage sludge from the Athlone digesters and loading started at 570 mg

‘0A/hr late on day 213. The feed used had an OA of 5 400 mg/l (15 200

mg COD/1) with.a retention time of 73 hours based on raw feed, while the

‘ratio of the circulation flow to the feed rate was approximately 300 : 1.

The quality of the seed sludge was felt to be less than optimum, however,
since the initial gas production rate (before commencement of feed) was
only 0,17 1/hr, whereas fresh sludge from the same source as dosed into
Filter II on day 161 had a gas production rate of 0,55 1l/hr. Further,
the seed sludge for Filter III had an odour more characteristic of raw

sewage solids than digested sludge. .The loading rate fluctuated widely

-
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over days 213 to 223, with a maximum of 690 mg OA/hr on day 218 and minimum
of 480 and 460 mg OA/hr on days 214 -and 217 respectively. On day 217
the feed strength was reduced to 2 720 mg OA/1 (7 630 mg COD/1) and.the
flow rate increased to give a retention time of 33 hours in an attempt to
obtain more constant loading rates. The loading decreased from 690 mg
OA/hr on day 218 to 500 mg OA/hr overnight on days 223/224, when thé feed
pump broke down. Problems were also experienced with the circulating
pump during this period. On day 217 the silicone rubber tubing used

in the pump fractured and approximately 1 1. of sludge leaked out into a
drip tray. This was replaced in the filter and operation resumed.

On day 218, however, the tube cracked again, and 3 1. of sludge leaked
out. This was again replaced in the filter and the circulation ratio

dropped to approximately 100 : 1.

-B.3.2. Filter IIT : Monitering of pH

During the first few days. of operation, the pH of the circulating
liquid was monitored at the mixing box and lime water added whenever the
pH fell below about 6,9. The pH tended to drop rapidly, however, and
overnight dropped as: low as S,Og'necessitating‘up to 1,51 of lime water
to bring the pH to between 7,3 and 7,4. The feed at this time was not
buffered in any way and had a pH near 5,0 with the alkalinity near 300 mg/l

:The»gas production over the whole period days:213 to. 224 averaged 0,16

1/hr with maxima and minima of 0,22 1/hr and 0,12 1/hr on days 215 and 219

- respectively. The methane content of the- gas fell continuously from

82,7% on day 216 to 81,1% on day 221 to 66,1% on day 226. On day 220
the acids concentrations-at several points up the filter were all between

1.320 -and 1 380 mg/l while the alkalinity was between 2 150 .and 2 . 300 mg/1.

B.3.3. Filter III : Days 224 - 231 : No Circulation

The filter was started again on day 224 and the loading averaged 450
mg OA/hr until day 230. The circulating pump tube had broken again on
day-223, resulting in approximately 2 1. of sludge leaking out. This was

replaced, but the circulating pump was taken out of service for modificationms.
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The.gas rate up until day 230 averaged 0,18 1/hr with a peak of 0,25 1/hr
on day-225, but this average rate was only about 0,6 of that from Filters

I and II at the same time, which were being loaded at about 350 mg OA/hr.

B.3.4. Day 231 : Effective Division of Filter III into 3 Sections
and Fresh Sludge

On day-231 it was decided to change the circulation system so
that liquid was Withdfawn from sample point 4, passed through the mixing
box and was returned to the filter at sample point 9. In this way it
was hoped that the bottom section of the Filter - up to sample. point 4 -
would éffectively produce only acids. The liquid leaving this section
would then pass through the mixing box where the pH could be adjusted to
the optimum for the methane forming bacteria, and in this way the middle,
circulated section, Wbuld be used for methane fermentation. The efflu-
ent would pass through a short section of packing at a low rate, where it
would receive a final polishing and excess solids would be trapped. In
order to install this system, it was necessary to enlarge sample point &
and so the filter was drained down to this level. Since the sludge
had been gassing so poorly, it was also decided to replace the removed
sludge with fresh sludge from the Athlone digesters. The filter was

started again late-on day 231 at a loading of 450 mg OA/hr, . using lime

‘water to adjust the pH to-approximately 7,2. The-gas rate, however,

started at 0,08 1/hr overnight on days 231/232 and dropped steadily to
0,03 1/hr on day 233..  Since these low gas rates indicated that the
sludge had all but died;'it was drained from the filter on day 233.and
replaced with fresh sludge from the Athlone digesters. This fresh sludge

still had the raw sewage odour noticed with first batch of seed sludge.

'B.3.5. Filter IIL : Day 233 : Fresh Seed Sludge and its Decline

This fresh seed sludge started gassing initially at 0,22 1/hr v
date on day 233 and this increased to 0,27 1/hr overnight before dropping
rgpidly to 0,14 1/hr on day 235. Up to this time lime water had been

used to adjust the pH, but large quantities were required (of the order
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of 1 1.) and these had to be administered every{few hours, with the result
that the pH feli to very low values overnight when no control could be
maintained. SOn day 235 it was suspected that the lime itself might be
_inhibitory to the methane formers, so the-addition of lime was stopped.
(The use of lime is discussed in Chapter 4, Section 4.4.4.) The -gas
rate continued. to decrease, however, but less rapidly thaﬁ before, reach-
ing 0,055 1/hr on day 238. .This further decrease was probably caused

by the pH of less than 6,5 existing in the filter, since the loading rate
over this period‘(days 234 to:238) averaged 500 mg OA/hr with a retention
time of 41 hours. The extremely low gas rates indicated the necessity

for fresh sludge.

B.3.6. Filter IIT : Day 238 : Fresh Seed Sludge and the Finger Pump
Installed

Late on day 238, Filter III was seeded with fresh seed sludge from
the digesters at Athlone, and this sludge had an odour more characteristic
of digested sludge. The initial gas rate was 0,43 1/hr, confirming that
this. fresh seed did have a good popﬁlation of active methane forming bac-
teria. The load rate averaged 700 mg-OA/hr over days 239 to 242, but
from then until day 252 it dropped back to average 360 mg OA/hr after the
"finger" type peristaltic feed pump was installed on day 243. The feed
used from day 238 onwards had an.average OA of 2 500 mg/l (7 000 mg COD/1)
and had 1,25 g/l of sodium bicarbonate added to it to provide the correct
alkalinity. If the pH in the mixing box dropped, further sodium bicar-
bonate solution was added to maintain the pH above 7,0. The -gas rate
reached a peak of 0,47 1/hr on day-241 and then dropped to average 0,3
1/hr over days. 246 to:252. The methane content of the gas started at
70,4% on day-240, dropped to 66,7% on day 242 and then increased to 72,4%
on days:244 and 246 before dropping steadily to average 66% near day 270.
On day 245, the pH at sample point 3, near the top of the acid-forming section
of the filter was 6,6 while the pH of the circulated section was 7,5 and
that of the top, clarifying section, 7,4. The corresponding acids concen-
trations at these points showed that this filter was working as desired,
with concentrations of 2050, 540 and 520 mg/l respectively, while the
‘alkalinities were 2 410, 4 280 and 4 480 mg/l.
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When the finger pump and new feed lines were installed on day 242,
the same problem occurred as with Filter I - namely one of the joints on
‘the feed lines failed and about half the sludge in the filter leaked out
into the drip tray. This was recovered and returned to the filter with-

in a short while.

B.3.7.  Filter III : Day 252 : Large:Shock Load

Late on day 252 a pump fault caused the contents of all three feed
tanks, approximately 40 1 in all, to run straight through Filter III.
-This rapid flow of feed flushed out a quantity of the sludge from the filter
but by the following day, with no further feed, the acids concentrations
had dropped to 600 mg/l at. sample point 3 while the concentration in the
circulated section had increased to 900 mg/l. Feeding was resumed on
day-253 at an average of 340 mg OA/hr and this was maintained until day
260, Gas rates fluctuated about 0,32 l/hr over days 252 to 256 before
dropping to average 0,26 1/hr until day 259. By day 260, the acids con-
centrations had reverted to their normal profile after the upset caused by
the shock load, and the ;oncentrations in the three sections up the filter
were 1 600 mg/l in the acids section and 405 and 430 mg/l in the circulated
and settling sections respectively, while the corresponding pH's were 6,5;

7,0; and 7,0.

B.3.8. Filter III : Days-260 - .274 : Large Increase in Load Rate

From 340 mg OA/hr on day 260 the loading rate started to increase
and by day, 263 had reached a peak of 650 mg OA/hr before dropping back
to average 500 mg OA/hr on days.264 to:.268, after which the load rate
increased to 800 mg OA/hr over days 268 to.272 before increasing to 970
mg OA/hr on day 273,and.then dropping to zero on day.274. On day 263
the feed concentration to Filter III was increased to 3 170 mg OA/1
(8 890 mg COD/1) from the average of -2 500 mg GA/1 (7 0G0 mg COP/1)

-which had been used up to this time. .At the same time the amount of
sodium bicarbonate added as buffer was increased from 1,25 g/l to 1,5

g/1. The average retention time was 45 hours, for both feed strengths.
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The gas rate increased steadily from 0,26 1/hr on day 259 to 0,49 1/hr
on day-262 and then dropped to 0,40 l/hr on day 267. It then increased
to 0,70 1/hr on day. 269, dropped to 0,52 1/hr on day 271 and finally in-
creased to 0,75 1/hr on day 274 before dropping to 0,16 1/hr on day 275
when the feed stopped. The acids concentration in the acids section
decreased gradually from 1 570 mg/l on day 262 to 1 360 mg/l on day 267
-and 1 210 mg/l on day 275, while the acids concentration in the circulated
section increased from 480 mg/l on day. 262 to 635 mg/l on day 275, with
the respective pH's fluctuating about 6,6 and 7,0. The reductions in
OA effected during this period rose from 60,2% on day 245 to 70,3% on-—
day 261 and 77,2% on day. 273, with corresponding COD reductions of 40,0%
55,1% and 65,5%, while the feed concentrations rose to average 3 600
mg-0A/1 (10 000 mg COD/1) until day-283.  The circulation ratio during

this period was maintained at near 80 : 1.

B.3.9. Filter III : Days 275 - 298 : Increasing Feed Strengths

After being loaded at only 170 mg OA/hr on day-275 because of a
pump blockage, the load ‘to Filter III increased to 1 090 mg OA/hr on day
276 but then overnight on days 276/277 a shock load of some:24 1 of feed
passed through the filter within half an hour. Loading was stopped
- after this and resumed again on day 278 at an average of 700 mg OA/hr
until day 282. The gas rates and methane content of the.gas fluctuated
widely with the varying loading rates, but settled down to 0,63 1/hr and

687 respectively over days 280 to. 282. The -acids concentrations,
however, jumped to.2 000. mg/l in the acids section on day.281, while

in the circulated section the concentration was 500 mg/l with pH's of 6,4
and 7,0 respectively. The alkalinities in the two sections were 2 680
and 3 250 mg/l respectively. The load rate increased from 700 mg OA/hr
on day. 282 to 1 000 mg OA/hr by day-290 and 1 150 mg OA/hr by day 298,
.while the feed concentration was increased on day-282 to 3 950 mg GA/1
(11 100 mg COD/1) with 1,5 g/1 of sodium bicarbonate added to 4 730

mg OA/1 (13 300 mg COD/1) with 1,5 g/l of sodium bicarbonate on day- 287
~and 5 320 mg OA/1 (14 900 mg COD/1) on day.291. On day 294 the feed
concentration was increased to 6 430 mg OA/l (18 100 mg COD/1) with 2.g/1
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of bicarbonate, while retention times over the whole period averaged 40
hours. .The circulation ratio was maintained near 80 : 1 while the

gas rate increased from an average of 0,75 1l/hr on day 284 to average
0,88.1/hr over days 288 to. 294 and finally to average 1,1 1/hr over

days 295 to0:299. . The methane content of the gas dropped steadily from
68% on’dayc282 to 62,5% on day-299. The acids concentrations in the
acids 4nd circulated sections increased overall to 2 750 mg/l and 1 100
mg/1 respectively on day 298, while the pH's were 6,7 and 7,2 at the same-
times. The reductions in OA effected during this period were 67,8% on
day 281 and 69,4% on day 294 with COD reductions of 51,4% and 53,8%

respectively.

B.3.10. Filter III : Days 299 - 316 : Erratic Loads, Very High Acids
Concentrations

From a rate of 1 150 mg OA/hr on day 298, the loading increased
to 1 580 mg OA/hr on day 300 and then dropped to zero on day 301. Until
day 308 the load rate was very erratic, but averaged 1 100 mg OA/hr.
After dropping to zero on day 308, loading recommenced at an average of
1 450 mg OA/hr, dropping down to 1 300 mg OA/hr by day 316. The feed was
then stopped because on day 315 the acids concentrations in the acids and
circulated sections were 7 500 mg/l and 8 900 mg/l respectively, while the
pH's were 6,6 and 6,8.  The gas production over days 301 to 308 averaged
0,95 1/hr rising to an average of 1,27 1/hr on day 310 before dropping to
115 1/hr on day 316, The methane content of the gas averaged 60%.

B.3.11. Filter III : Days 316 - 353 : Very Erratic Operation

From day 316 to day 356 the load rate to Filter III fluctuated very
widely, with many stops and starts. The gas production also fluctuated
in accordance with the load rates, while the methane content rose as the
gas production fell. - The acids concentrations dropped from their
extremely high levels of day. 315 to near 900 mg/l in both sections by
day 318, and the pH increased to 7,5 and 7,6 in the acids and circulated
sections. The metering pump was brought into operation.on day 332, but
the fluctuations in the load rate persisted because of blockages in the

valves.
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'B.3.12. Filter III : Days 353-362: Aspirator Feeding Device, Steady Flows

On day -353, the -aspirator féedihg device was put into operation and
after an initial series of fluctuations it settled down and from day 358
to day 361 delivered an average of 710 mg/OA/hr with small fluctuations.
The feed concentration was 5 310 mg OA/1 (14 700 mg COD/1) and the alka-
linity of the feed was. 3 060 mg/l. The -gas rate averaged 0,52 1/hr with
61% methane. The acids concentrations on day 359 in the acids and circu-
lated sections were 2 420 and 1 710 mg/l respectively while on day 361
these concentrations were-2 150 and 1 880 mg/l respectively. The alka-
linities at the same times were 4 380 and 4 840 mg/l and 4 -830 and 5 000
mg/l respectively. The pH of the circulated section stayed at 7,1
while that of the acids-section rose from 6,8 to 7,0. The circulation
ratio was maintained at about 100 : 1 and the reductions in @A and COD

effected were 58% and 51% respectively.

B.3.13. Filter IIL : Days 362 - 375 : Erratic Increases in Load Rates

From day 362 the load rate was increased by increasing the feed

.strength to.7 490 mg 0A/1 (20 400 mg COD/1) and the alkalinity was

reduced to 2.000 mg/l in the feed. The load rate increased steadily
from 630 mg OA/hr to reach 1 270 mg OA/hr by day 374, except for days
366 and 367. On day 366 a leak ceveloped in the aspirator and. all the

feed left in the tank (some 13 1) ran through the filter in a short time.

The load dropped to zero after this and was restarted again on day 367
with the feed strength increased to 9 180 mg 0OA/1l (23 300 mg COD/1)

with 2 000 mg/l alkalinity. The circulation ratio was maintained at
about 100 : 1 except during days 371 to 373 when the pump was stopped for
further modifications. The gas production rates increased from 0,55
1/hr on day 362 to average 0,95 1/hr on day 374. Considerable fluctua-
tions did occur during this time, however, The methane content dcreased
from. about 60% on day 362 to.average 53,l% over days 368 to 374. . The

acids concentrations -in the acids and circulated sections increased to

2 890 and 2 720 mg/l on day 365 and then dropped to 1 030 and 830 mg/l

on day 367 after the feed had stopped, but then increased rapidly again
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to 3 100 and 3 440 mg/l in the two sections on day 375. The pH of the
acids sections dropped from 7,3 on day 367 to 6,5 on day 372.and.6,9 on
day 375 while that of the circulated section was 6,8 on day 375. The
respective alkalinities on day 375 were 4 810 and 4 330 mg/l while the
0A and COD reductions were 64,9% and 40,2% on day 372 respectively.

B.3.14. Filter III : Days 375 - 388 :: Metering Pump Installed and
Indications of Clogging

On day 375 a reduction gearbox became available for the metering
pump, allowing better use.of the range of the pump, and this was put into
service. After initial fluctuations about -2 000 mg OA/hr on days 376 to
378, the loading settled down to average 1 800 mg OA/hr until day 386, after
which it dropped to 1 250 mg OA/hr by day 388. The feed concentration
during this period was 10 600 mg -OA/l (37 300 mg COD/1) while the-alka-
linity was. about 2 250 mg/1. The-.gas production increased to a peak of
1,15 1/hr on days 380 and 38l and then declined steadily to 0,85 1/hr
on day 389, while th¢~methane content of the gas dropped to an average of
46% with acidified water in the Orsat apparatus. The -acids concentrations
continued to increase, with the concentration in the acids section reaching
5 000 mg/l on day 381 and that in the circulated section 5 160 mg/l. The
pH of both sections was close to 6,7 while the alkalinities were equal at

5 230 mg/1

'B.3.15. Filter III : Day 389 : Flushing

As with Filters I and II it became apparent that Filter III was
badly clogged, resulting in much short-circuiting of liquid and so on day
389 the filter was flushed with.tap water and nitrogen gas, following the
same procedure as used for Filters I .and II. Before flushing the filter,
a suspended solids test was carried out on the effluent, and this revealed

525 mg/l of suspended solids, of which 83% were volatile.
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B.3.16. Filter II : Days 389 - 394 : Restart and Final Stoppage

After flushing the filter, loading was started again on day 389
at an average of 950 mg OA/hr. The gas production increased steadily
from 0,32 1/hr on day 389/390 to 0,75 1/hr on day 394, after which the
filter was stopped. The. methane content of the gas between days 391
and 394 averaged 45%. The acids concentrations in the two sections
were measured as 4 860 mg/l in the acids section and 3 530 mg/l in the
circulated section on day 392. As with Filters I and II, the sus-
pended solids in the effluent after’flushing were virtually. zero.

.The pH's‘of the two sections were 6,3 and 6,7 respectively on day 392.

on day 394 the filter. was shut down with the investigation at an end.
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APPENDIX C

DATILY RESULTS

C.1. INTRODUCTION

This Appendix gives. the daily operating results of the three
filters used in the investigation. Tables C.1., C.2., and C.3., giveithe

-results for Filters I, II and III, respectively.

The values given in the Tables. are the-averages of the given
quantity over the whole 24 hours from.9.00 a.m. of the-day quoted to.9.00
~a.m. of the<foilowing_day. If values given in Appendix B differ from
those-given in the Tables, this is because the former are peak values

.measured over periods shorter than the 24 hours.of the particular day.

In .all of the Tables, twe values of the leading rate-are given.
The first, expressed in mg OA/hr, is the number of milligraﬁs of OA deli-
vered per hour to the whole -of the filter, while the second, given in
kg COD/(m3day) is the loading rate-expressed.as kilograms COD delivered
per day per m3 of void volume of the filter. The-gas production rate
‘given in column 4 of all the Tables is the volume of gas produced from
the whole filter expressed in litres per hour. In Tables C.1l., and
C.2., giving the-results for Filters I and II respectively, the-values

given for volatile acids concentration and alkalinity are those-measured

at sample point 4. The results. are given-as mg/l as.acetic acid and
calcium carbonate, respectively. Also.in these Tables, the value given
for pH.is that at sample point 1. In Table C.3., giving the-results. of

Filter III, two values. are-given for each of volatile-acids concentration,
alkalinity and pH. The first value in each case-is that of sample
-point 3 in the lower or acid-ferming section, while the second value.is
that of the circulated section. The concentrations are expressed in

the same-units as those for the other two filters.



TABLE C.l1.

DAILY RESULTS OF

FILTER 1

GAS

-ZD..

LOAD RATE | ACIDS | ALKALIN FEED STRENGTH |.EFFLUENT STRENGTH % REDUCTION
Day mg OA kg COD Rate % CH4 Conc. pH mg OA mg COD mg -0A mg COD
No. hr. m3ay | 1/hr mg/1 mg/1 1 1 1 1 oa jcopd
1 410 3 600
2 410
3 5,2
4
5 )
6 460 4 000
7 460
8 460 6,8
9 460 5,7
10 460 ,
11 460 7,0
12 460 )
13 460 0,107
14 460 0
15 460 0,084 6,8
16 950 0,084 26,0 8 220
17 420 '0,021 40,0 7 800 [ 10 450 7,0
18 420 0,054 43,3
19 420 0,102
20 420 0,102
21 420 0,052
22 420 0,056 48,5 7,0
23 420 0,060 55,0 9 000 {11.000 7,3




DAILY RESULTS OF FILTER I (Contd.)

TABLE C.1.
LOAD  RATE N ACIDS | ALKALIN FEED STRENGTH |:EFFLUENT STRENGTH % REDUCTION
Day | mg OA | kg COD Rate % CH, | conc. : pH mg OA | mg COD ig OA | mg COD
No. | _hri. | mdDay 1/hr mg/1 mg/1 1 |1 1 1 0 A cop

24 65 0,032
25 65 0,021 61,9 7 660 10 200 7,1 2 390 1 46d 38,9
26 65 0,022 59,0] 7 580| 10 400 7,1 |
27 0 0,018
28 0 0,036
29 120 0,079 61,8 5 250

30 133 0,085 69,0 6 860| 9 460 7,0
31 395 0,092 61,6 6,9
32 535 0,090 '
33 400 0,109 75,7 5 85| 7 000 7,1 o
34 400 0,135 [
35 450 0,170 76,2
36 370 0,211 89,5
37 320 0,227 91,7| 4.910| 7 270 7,3
38 470 0,260 91,7 3 26d 1 3;0 59,3
39 288 0,320 91,0
40 274 0,390 83,9t 4 020 7 460 7,3
4 430 0,440 88,3
42 510 0,460 87,6
43 460 0,435 87,3] 31200 7 930 7,5
" 0 0,290 88,1 |
45 540 0,290 86,9/ 3.260| 6 840 7,2 3510 1 180 25,3
46| 465 0,250 83,3 7,2 | ‘




TABLE C.l.  DAILY RESULTS OF FILTER I (Contd.)
LOAD RATE ACIDS | ALKALIN FEED STRENGTH  |:EFFLUENT STRENGTH % REDUCTION
'Day mg OA kg COD Rate % CH4 Conc. pH mg OA mg.'COD mg OA | mg COD
No. | hr. m3Day 1/hr mg/1 mg/1 1 T 1 1 0 A cob
47 515 0,195 83,7| 2 450] 6 430 7,3
48 550 0,172 80,6
49 550 0;130 80,6
50 490 0,200 85,1] 2 570( 6 110 7.4
51 575 0,282 80,6
52 545 0,281 81,6 2 790| 5 690 7,5
53 535 0,265 79,6
54 480 0,270 79,5
55 500 10,230 83,7
56 500 0,230
57 430 0,255 2 480| 4 260 7,0 2 620 1 120 57,ﬁ
58 246 10,160 82,1 |
59 178 0,170 3 310
60 740 0,458 84,4
61 520 0,414 73,60 2 360| 4 560 7,2 1 150 65,0
62 0 0,173
63 0 0,173
64 445 0,180 77,0
65 385 0,299 82,5 2 33| 4 520 6,9
66 410 10,260 79,0
67 113 0,160 /83,0
68 113 0,160
69 113 0,160
N

- g N -



TABLE C.1.  DAILY RESULTS OF FILTER I (Contd.)
LOAD RATE / ACIDS | ALKALIN FEED STRENGTH | \EFFLUENT STRENGTH % REDUCTION
% CH H
AR A o R i I T el Bl Bl s il B
70 440 0,117
71 460 0,100 83,7 | 169 | 4220 7,2
72 1355 0,084 85,1
73 315 0,062 1660 | 4 170 7,2 .
74 315 0,045 85,5 | 3 300 .
75 0,150 P
76 0,150
77 0,150
78 33 0,048
79 392 0,210 2 060 | & 000 6,8
80 400 0,283 76,0 6
81 485 0,279 79,3
82 350 -05212 79,5 6,7
83 370 0,260
84 370 0,260
.85 465 10,250 79,0 | 1850 | 3 460 6,9
86 490 10,230 84,4 s
87 385 .0,170 84,6
88 385 0,156
89 275 0,146 82,5 6,9
9 | 300 0,160
.91 300 0,160
92 330 03200 81,5 | 1430 | 3 380 6,8

- 9.3'-
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TABLE C.l. DAILY RESULTS OF FILTER I (Contd.)

LOAD RATE ACIDS ALKALIN FEED STRENGTH EFFLUENT STRENGTH 7% REDUCTION
pay | mg 0A | kg cop | Rate %0, | Gone. ng/1 pH mg OA | mg COD | mg OA | mg COD oA c oD
No. hr. m>Day 1/hr ‘mg/1 1 1 1 1 :

93 440 0,250

24 440 0,232 84,4

FIL?ER_DORMANT'UNTIL DAY 156.

.56 36 0,29 0,013 410 | 3 930 7,3 492 | 1 380
157 70 0,60 | 0,022 7,1
158 105 0,90 0,042 345 2 280 , 785 | 2.200
159 80 0,61 [ 0,045 | 6,6

160 46 0339 | 0,043 ,

L61 74 0,63| 0,065| 89,3 525 | 1 330 ,5

L62 78 0,65| 0,071 6,

163, 69 0,57 | 0,077 6,

1G4~ 75 0,55| 0,120 6,8 785 | 2 .200 605 2 580 22,7 -
1G5 71 0,59 | 0,120 440 | 2 olo ,7 2 000 | 5 600
w173 1,16 | 0,126 6,6

167 176 '1,18| 0,130 7

168 144 0,96 | 0,090 82,5 6,7

169 130 0,87 | 0,103

170 129 0,87 ] 0,097 | 840 | 2 740 6,8

171 110 0,74 | 0,098 79,0

172 1250 1,67 | 0,118 1 600 | & 500
173 200 1;39| 0,131

174, . 180 | 1,28 | 0,129



TABLE C.l. DAILY RESULTS OF FILTER I (Contd.)
LOAD RATE » : ACIDS ATLKALIN FEED STRENGTH EFFLUENT STRENGTH % REDUCTION
Day mg OA kg COD Rate % CH4 Cbric, pH mg  0A mg 'COD mg_OA mg coD
No. hr. m Day 1/hr mg/1 mg/1 1 i 1 1 04 cob
175 160 1,19 0,128
176 141 1,04 0,130 71,0 1580 4 430 975 4 130 38,2 6,77
177 159 1,05 0,135 710| 2 560 6,9
178 145 0,94 0,125
179 148 0,97] 0,125 74,6
180 192 1,26| 0,130
- 481 183 1,21| 0,146
182 122 1,07 0,146 635| .2.230 7,0 1 510| 4 230 905, 3840 | 39,8 9,23
183 173 1,06 0,153 71,8 B
184] 190} 1,16 0,161 ~
185 184 1,16 0,165 82,6 1.260| 3 530 '
1186 165 0,87 0,161
187| 155 0,84 0,137
.188 132 0,73 0,140 82,0
189 130 .0,79| . 0,128
190 9 0,60| 0,150 990 1 940 7,0 2 110{ 5 910
191 197 1,69| 0,158 gso| 3 600 32,4 39,0
192 168 1,52] 0,135 79,3 1960 5 500 |
193 160 1,35 0,150
194 187 1,57\ 0,112 ~2.130| 5 970
195 187 1,57 0,136 |
196 182 1,67| 0,145 76,5 700 -2 620 7,0 2 210] 6 19 845 3 580 60,3 40,0
197 181 1,66 0,140 | | |



TABLE C.1. DAILY RESULTS OF FILTER I (Contd.)
LOAD RATE ACIDS | ALKALIN FEED STRENGTH |EFFLUENT STRENGTH % REDUCTION
Day | mg OA | kg COD Rate R CH, | one. | n p i mg OA | mg. COD | mg OA | mg COD '
No. hr. m>Day "1/hr mg/1 mé 1 1 1 1 0 A cCoD,
.98 162 1,40 0,148 7,0
199 218 1,83 0,166 74,6 720} -2 640 6,7 2.210| .6.210 920, 3900 | 57,3 37,0
200 216 1,81 0,150
01 200 1,68 .0,165
102 200 1,68 0,165
203 160 1,25 0,127 675| 2 650 7,0 199 5 590 1975 4 130 55,1 33,5
204 190 1,65 0,133 71,5
205 186 1,59 - 0,147
206 186 1,60 0,151
107 140 1,31] 0,145 76,8 500 2 600 6,7
208 177 1,66 0,129 2120 5 960
209 135 1,27 0,140
210 180| 1,70 0,152
211 202 1,68/ 0,163 75,3 2 500| 7 000 1 040 4 410 51,1 25,9
212 . 205 1,70 0,127 1 2:000| 5 500
213 151 1,23 0,113 80,6
214 120 0,98 0,124
215 187 1,53 0,145
216 167 1,37 0,137 76,8 _
217 180 1,50 0,134 S 2110|5930
218 100 0,87 0,126 7
219 330 2.70{ 0,153 74,51 420| -2 520 , z 100 5 910
220 soo| 4,25 0,226 930 .2 2% ;




DAILY RESULTS OF FILTER I (Contd.)

TABLE C.1.
LOAD RATE. . ACIDS ALKALIN FEED .STRENGTH EFFLUENT STRENGTH 7% REDUCTION
Day | mg OA | ke COD Rate 0, | come. | PH mg OA | mg COD | mg OA | mg COD '
No. hr, m3Day 1/hr ng/1 ?g/l T T 1 1. 0 A cob
221 465 3,90 0,260 67,7 2010 5630 1930 3 940 55,9 -
222 424 3,56] 0,306
w223 161 1,36 - 69,5
224 279 2 2,35] 0,191
225 365  3,05| 0,241 1710 4 79
226 1363 2,990 0,251 77,0 930| 2 530 16,9 1 960] 5 500 8l0| 3 440 58,6 49,2
227 350 2,87 0,269
228 397 3,14] 0,266 71,0
229 366 2,89 0,258 |
230 262 2,19 >0,19 2 05| 5 750 3
231 373 3,11 0,232 79,3 | N
232 336 2,80 0,263 955| = 2 050 6,5 8so| 373 | 57,0 35,1
233 381 3,13| 0,297 71,0 1970 | .5 530
234 400 3,25| 0,360
235 372 3,10{ 0,317 67,0 775 329 | 60,6 40,6
236 417| 3;46] .0,343 '1.9% ]| 5 570
- 237| 412 3,42 ',0,297 67,7
238 370 3,10| 0,305
239 498 4,13 0,316 70,0 610| 1 910 6,4 1910| 5 340
240 476 3,98| 0,342 71,0 730| 3 100 61,6 42,0
241 504 4,15| 0,378
242 1250 2,20 0,318 68,5 1950 5 460
243 228 1,9%]| 0,440 NEW|  SLUDGH



TABLE C.l.  DAILY RESULTS OF FILTER I (Contd.)
LOAD RATE. ACIDS ALKALIN FEED . STRENGTH EFFLUENT STRENGTH 7% REDUCTION

Day mg, OA kg COD Rate % CH4 Conc. pH mg - OA mg. ‘COD , mg  OA. .mg -COD .

No. hr. m>Day 1/hr mg/1 mg/1 1 1 1 1 04 cob
244 220 1,83 0,349 82,1
245 229 1,91 0,303 515( -2 130 6,4 670 2 840 65,7 47,9
246 212 1;77 0,243 74,9 ' 2040 5710
247 216 1,81 0,250 | .
248 224 1,87 0,223 74,9 729 3.080 64,3 46,2
249 273 .2;28] 0,230
250 188 1,57 0,227
251 222 1,86] 0,230 73,2 2.010] 5 640
252 182 1,48] 0,220 1920 538
253 . 279 2,26] 0,228 6,7
254 1209 1,69 0,235 71,8 440 2 030
255 216 1,75| 0,236 A
256 361] 2,92| 0,220 72,0 - 670 2 840 | 65,0 47,2
257 258 2,09 0,220
258 258 2,09 0,225
259 234 1,95 0,235 73,5 .2 530 7 100
260 - 316 2,64 0,310 -300| 2 280 6,5
261 400 3,25 0,340 71,6 740 3 140 70,5 55,8
262 412 3,440 0,397 71,3 64601 2 340 6,5
263 466 3,90 0,440 72,0 2 620| 7 350 845 .3 580 66, 9 49,5
264 363 3,04 0,393 71,8
265 376 3,14 0,370 71,2
266 356 2,97 0,375

- |
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TABLE C.l‘v,. DAILY RESULTS OF FILTER I (Contd.)

LOAD RATE . ACIDS | ALKALIN ' FEED STRENGTH  |EFFLUENT STRENGTH % REDUCTION
pay | mgoa | kgooo | Rate | M |cone. | _ o p i mg OA | mg COD | mg OA | mg COD
No. hr. m°Day L/hr mg/1 e 1 1 1 1 0 A cCobD
267 349 2,91 | 0,370 | 68,1 475 | 2 530 6,7 2 930 | 8.210
1268 508 | 4,24 | 0,380 | 71,0 o 820 | 3480 | 72,0] 52,7
269 494 4,13 | 0,470 70,5
270 0 o - | 0,470 69,8
271 541 4,51 | 0,500 71,6 3110 . 8 710 '
272 548 4,57 | 0,510 69,8 | i
273 - - 0,345 69,7 ' | 910 3 860 70,7 | 35,7
274 715 5,98 | 0,542 77,2 '3 580 | 10:000
275 780 6,52 | 0,670 67,7 1170 | -2 710 6,2 ,
276 | 514 4,43 | 0,593 62,3 :
277 0 0 ‘0,170 68,7 ‘ 3250 9 130 i
278 510 4,25 | 0,500 81,0 )
279 | 686 5,74 | 50,3
280 684 5,72 | 0,640 62,5 ,
281 634 5,30 | 0,670 66,7 920 | 3 olo 6,6 860 '3 650 73,6 | 60,1
282 831 6,95 | 0,670 68,3 '
283 810 6,77 | 0,710 67,3 | 3 650 | 10 200
284 895 7,45 | 0,740 65,1 '
285 895 7,45 | 0,691 65,1
286 0 o | -
287 | © 956 7,67 | 0,631 75,0 4 400 | 12 400 1 140 4 830 68,7 52,8
288 1937 7,52 | .0,780 65,7 875 | 3 540 6,4

Y i
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DAILY RESULTS OF FILTER 1

TABLE C.1. (Contd.)
LOAD RATE | J o ACIDS | ALKALIN FEED STRENGTH  |:EFFLUENT STRENGTH % REDUCTION
. A - H .

S A R R £ e A Bt et et M il R
289 926 7,75 | 0,820 | 61,7

290 887 7,43 | 0,845 63,8

991 | 1.080 9,00 | 0,874 63,9

292 | 1 010 8,43 | 0,814 63,1

293 984 8,22 | 0,829

294 | 1 150 9,58 | 0,838 64,2 5920 | 16 600 1 490 6 320 69,7 38,3
295 1 130 9,49 1,09 60,3

996 | 1170 9,80 | 1,08 62,7

297 | 1 100 9,18 { 1,08 61,6

298 | 1 140 9,47 | 0,998 61,6 | 1870 | & 350 6,2

299 2920 2t,5°| 1,04.| 61,6 5970 | 16 860

300 | 2 040 17,1 -

301 | 1 690 14,1. ] 0,841 46,9 | 2 070 | 4 480 6,7

302 300 2,50 | 0,592 59,8

303 1.370 15,1 | 0,87 73,4 6 000 (.16.800

304 | 1 200 10,1 | 0,915 60,7 .1880| 7970 68,7 52,7
305 1.29% | 10,8 0,93 58,0

306 | 119 | 9,92 - -

307 | 1 190 9,92 .

308 | 1 490 12,4 1,00 56,0 7 440 | 20900

L ey e g
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TABLE C.1.  DAILY RESULTS OF FILTER I (Contd.)
LOAD RATE . . ACIDS ALKALIN FEED . STRENGTH EFFLUENT. STRENGTH 7% REDUCTION

Day mg OA kg COD nRaté % CH4 Cbnc. PR mg  OA mg.‘COD mg OA mg COD . |

No. hr. mjDay 1/hr mg/1 mg/l 1 I 1 1 0 A cC.0D

309 1 550 12,9 1,10 54,9

310 .| 1 900 15,9 | 1,15 54,9

311 650 5,25 0,910 54,9

312 | 1170 9,50 1,09 56,9 |

313 1 400 . 11,6 1,12 53,0 -7 300 |20 300 2 870 | .12 200 61,2 48,4

314 | 1 420 11,8 | >0,8 '

-315 1 370 11,3 1,12 5 800 5 870 6,4

316 o 0 0,410 | 53,0

317 0 0 0,161 73,2 | N
318 165 1,40 0,240 940 7000 7,5 e
319 1 120 9,32 0,525 69,1 '
820 | 1 120 19,32 | 30,4
=321 0 0 0,240 51,5

322 0 0 03240

323 685 5,78 0,386 73,0 7 620 |21 600

324 1980 8,29 0,469 58,0

325 1 110 9,39 . 0,850 49,5

326 851 7,20 10,549 47 4

327 788 6,64 - 50,5

328 . 788 6,64 -




'TABLE C.1. DAILY RESULTIS OF FILTER I (Contd.)
LOAD RATE o ACIDS ALKALIN FEED . STRENGTH EFFLUENT STREﬁGTH 7% REDUCTION
giy mtglr(?A kijgg)l; li?lftli 4 1?121/1(1: mg/1 P mﬁgloA &%.I‘COD %1_01&:' mg (1201) oA c 0D
329 0 -
330 0 -
331 0 -
332 386 3,13 | 0,27 6770 | 18 300
333 180 1,45 | 0,455 56,9 | 1 870 | 6 350 6,5 '
334 40 0,35 0,416 o o
335 0 0 0,130 _
336 1197 1,59 | 0,126 | 63,3
337 800 6,45 | 0,495 2 360 | 4960 ) ;
338 141 1,14 | 0,362 .
339 219 1,80 | 0,220 65,2 1 990 5 490 i
340 830 6;78 | -0,350 1 020 | 5050 7,3 1140 | 3 610 43,0 34,4
341 270 2,20 | >0,4
1342 0 0 -
1343 380 3,20 | .0,358 3940 | 11 100
B44 553 4,65 | 0,432 60,5 | 1760 | 4 710
345 608 5,12 | 0,470
346 746 6,28 | 0,550 58,0 1 290 5.300 67,4 52,4
347 780 6,56 | 0,5% 56,9 | 1780 | & 450 7,2 _
348 660 5,83 | 0,559 4150 | 12 200
349 639 5,62 -
350 755 6,64 | 0,570 2 160 | 3 820 6,9 1 460 .5 830 64,9 52,4
351 823 7,14 | 0,670 57,1 1 490 6 390 | 64,0 47,9



TABLE C.1.  DAILY RESULTS OF FILTER I (Contd.)
LOAD RATE . ACIDS | ALKALIN FEED STRENGTH  |.EFFLUENT STRENGTH % REDUCTION

2 Day mg. QA kg COD Réte % CH4 Conc. | /1 pH mg - 0A mg ‘COD mg OA | mg COD
No. hr. m3Day 1/hr ‘mg/1 8 1 1 1 1 0 A €o0D
152 789 6,93 | 0,388 64,2
353 710 5,90 | 0,622 5320 | 14 900
354 780 6,60 | 0,580 63,0 2 020 4 360 6,8
355 900 7,55 |>0,55
356 | 1030 8,65 [>0,66
357 | 1 110 9,24 | 0,79 56,9 |
58 | 770 6,24 | 0,740 6500 |17 700 |1 920 | 8230 70,4 53,5

359 939 7,59 | 0,740 56,9 | 2880 |4 620 6,6
360 |1 340 10,8 |.0,766 -
361 1 110 8,95 0,799 - 2.950 4 600 6,5 . 2.280 8 440 64,7 52,2 2
362 | 1 140 9,20 |>0,6 56,5 | 7
363 | 1 140 19,20 |>0,6
364 550 4;59 | 0,582 | 7 510 | 20 500
365 1922 7,49 | 0,762 59,5 | 2480 | 4 560
366 1990 8,04 | 0,793 56,5
367 | 1 060 8,58 | 0,791 54,9 | 193 |4 730 6,2 253 | 10 400 | 66,3 49,4
368 | .1.090 8,83 | 0,790 56,0
369 | 1.060 8,60 | 0,780
370 |.1.080 9,59 | 0,790
371 | 1.270 10,3 0,832 56,5 9 170 | 25 100
372 | 1 340 10,0 0,880 .23,9 6,6 3 200 13 100 | 65,2 | 47,9
373 | 1.29 | 10,5 0,840 53,0
374 | 1270 10,3 1,04 52,0
375 | 1.370 11,1 0,923 53,0 | 4010 | & 490 6,1




TABLE C.l. DAILY RESULTS OF FILTER I (Contd.)

LOAD RATE ACIDS ALKALIN FEED . STRENGTH JEFFLUENT. STRENGTH % REDUCTION
Day |- mg OA kvg COoD Rate % CH4 Conc. ' pH mg OA mg ‘COD mg OA bmg coD
No. hr. wDay 1/hr mg/1 mg/1 1 1 1 1 0 A ¢.0D
;76 | . 1.330 10,48 0,930
377 1 180 19,57 | 0,846
578 | 1 570 16,6 0,885 51,5 10 .900 | 38 500
79 | 1520 | 16,0 | 0,870 48 ,0% 4480 | 17 800 | 58,9 53,8
380 1 560 16,4 0,903 47,0
381 1 550 16,3 0,888 5 190 3 540 5,6 4 960 19 700 54,4 48,7
182 | 1 510 15,9 0,865 46,0
183 | 1.600 16,9 | 0,82 |
384 980 10,4 0,74
185 | 10 400 87,3 0,492 10.600 | 29 900
3186 1 600 13,4 0,80 - 57,5
387 1 400 11,7 0,82 48,0
388 | .1 210 10,2 -
389 FLUSHED ,FILTE&r-
390 1 410 11.9 0,521 47,5
391 | 1.300 11.0 0,62 .36,5 ,
392 0 0 0,513 36,5 6 500 | 4 540 5,7 3 410 17 100 67,9 42,8
393 0 0 0,40 63,0

% | Acid in Prsat Apparatus
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- DAILY RESULTS OF

TABLE C.2. FILTER II
N e o | |
LOAD RATE GAS 'ACID | ALRALIN FEED STRENGTH | EFFLUENT STRENGTH %»REDUGTIONky
.gzy @Eg?A gisggg §7;§, % CH, _;;7; mg/1 » 0 mgiQA- , mg,gon mgiQA mg~$0D 0 A cwo;g
1 410 \ 3 600
2 410 “
3 5,4 550 84,6
4
5
6 |- . 460 4 000
7 0
8 0 6,2 .
9 460 5,8 =
10 460 6,2 )
11 460 7,1 i
12 460 0,406 6,7 i
13 460 0 E
14 460 0
15 460 0,490 6,8
16 715 0 8 220
17 410 0,099 26,8 | 8 550 | 11.000 7,0
18 410 0,130 47,4
19 410 10,130 7,1
20| 410 0,099
21 410 0,072
22 410 0,052 51,5 i 7,2 p
23 | - 410 0,028 55,0 7,3

- LT O



TABLE ' C.2. DAILY RESULTS OF FILTER II  (Contd.)
LOAD RATE ' GAS ACIDS | ALKALIN FEED STRENGTH EFFLUENT STRgﬁGIH %/ REDUCTION
‘ , , , : . ‘ /
I]\)](a)ty mtgerA k§3ggl; 1;7;2: % CH,, ;gr/ul: m’g%l' b H mglIOA mgl'COD mg:lOA v_mg{, iOD o A c o D
24 410 0,015
25 0,023 61,8 |10 200 | 10 200 7,1 2 170 1 630 24,7
26 0,010 62,5 | 8650 | 9 950 7,0 ‘ |
27 0.004
28 0,004
29 590 0,033 62,0 5 250
30 490 0,041 56,0 | 9 450 | 9 230 6,7
31 730 0,229 55,4 6,7
32 194 0,170 3 600
33 162 0.066 70,0 | 6 600 | 6 340 6,2
34 55 0,044
35 135 0,028
36 ‘110 10,029 59,0
37 120 0,034 60,4 |.9 110 | 6 810 6,3
38 332 0,052 71,4 2 500 990 60,4
39 374 0,026 70,5
40 100 0,052 87,8 | 6160 | 6 950 7,1
41 132 0,054 -
42 125 0,139 79,0
43 112 10,200 75,7 7 060 | 6 850 6,5
b 0 0,265 79,3
45 | 370 0,327 79,0 | 7230 | 6 220 6,4 2900 785 72,8

- 81T D -



TABLE C.2.

DAILY RESULTS .OF FILTER II (Contd.)
LOAD RATE GAS ACIDS | ALKALIN FEED STRENGTH  EFFLUENT  STRENGTH % REDUCTION
R e e R o B e O e N
46 410 0,440 76,7 6,3
47 440 0,478 | 77,5 | 549 | 5 950 ,
48 430 0,486 | 79,5
49 480 0,436 81,6 o
50 450 0,430 84,4 | 4550 | 5 360 6,8 |
51 460 0,455 | 81,1 2 900
52 450 0,451 79,0 | 4 460 |.5 140 6,9
53 450 0,415 81,6 .
54 330 10,393 | 80,0 a
55 410 0,239 83,1 o
56 410 0,239, '
57 312 0,149 84,9 | 3580 | 4 150 7,2 1 630 710 56,4
58 275 10,112 86,4
59 0 0,016
60 400 0,180 \ ‘
61 490 0,313 80,8 | 3 810 | 4 300 6,8 2 390 735 69,2
62 1200 50,16
63 200 >0,16
64 328 10,473 71,5
65 305 0,464 73,9 | 4 110 | 4 360 6,5
66 282 0,432 | 76,3
67 250 1>0,21 79,0




TABLE C.2. 'DAILY RESULTS OF FILTER .II (Contd.)

-ACIDS

LOAD RATE GAS ALKALIN FEED STRENGTH | :EFFLUENT STRENGTH % REDUCTION

Day | mg-0A | kgcop | Rate | * 4 | Gone ’ pH mg OA | mg COD | mg OA | mg COD 0 A CoD
No. hr. “mDay | l/ht mg/1 mg/1 1 1 1 1 |

68 250 >0,21

69 250 >0,21.

70 285 0,251

71 260 0,116 81,6 | 3.93 | 3 700 6,8

72 175 10,060 86,1

73 200 10,086 3560 | 4290 7,1 2 300

74 10,076 87,0

75 10,076

76 0,076

77 0,052

78 16 10,036

79 310 0,175 2670 | 2 39 6,2

80 290 10,258 85,3 7,0 2 300

81 285 10,200 87,6

82 300 0,170 87,6 6,9

83 300 50,17

84 300 50,17

85 450 0,251 | 88,6 | 3140 |2 100 7,4

86 | 225 0,274 2 200

87 310 0,173 | 90,8

88 275 0,295

89 120 0,244 87,3 7,2

90 180 >0,23




TABLE C.2.  DAILY RESULTS OF FILTER II (Contd.)
LOAD RATE " GAS ACIDS | ALKALIN FEED STRENGTH  |EFFLUENT STRENGTH % REDUCTION
Day | me oA | kg cop | Rate | M4 | conc o pH mg OA | mg cop | mgoA | mg cop -
No. hr. m3Day 1/hr mg/1 mg/1 1 1 1 1 0-A ¢.0D
91 180 >0,23
92 200 0,255 89,5 | 2 750 | .6 260 7,4
93 80 0,206
94 110 0,170 | 90,4
FILTER DORMANT UNTIL .DAY 161 WHEN STARTED WITH FRESH SEWAGE SLUDGE
156 0 0 0,006 .
157 0 0 - &
158 0 0 - N
159 0 0 - '
160 0 0 -
161 800 5,49 | 0,606 450 | 2 980 7,3 7 980 |22 400
162 | 1 180 8,05 | 0,783 67,7 6,2
163 0 0 0,521 60,4 6,0
164 780 6,40 | 0,484 77,2 7,0 229 | -96% | 71,3 56,7
165 178 1,51 | 0,367 3340 | 6250 6,2
166 60 0,50 | 0,250 7,2 2000 | 5 600
167 176 1,49 | 0,225 6,8
168 152 1,30 | 0,180 71,5 6,6
169 153 1,30 | 0,181
170 160 1,36 |.0,171 480 | 3 040 6,7 |
17 132 0,9 | 0,182 79,3 1.600 | 4 500



. TABLE .C.2.

.DAILY RESULTS :OF FILTER II .(Contd.)

- LOAD RATE GAS ACIDS | . ALKALIN FEED STRENGTH | EFFLUENT STRENGTH % REDUCTION
Day mg -0A kg COD Rate % CH4 .Conc pH mg - OA mg COD mg - OA mg - COD
No. | hr. m3ay | 1/hr mg/1 mg/1 I I T | T 1 oA | Ccob
172 210 1,47 | 0,213
173 190 1,40 | 0,212
174 190 1,40 | 0,212
175 180 1,39 | 0,203
176 200 1,58 |.0,155 74,2 12 580 | .4 430 895 3 800 43,3 15,7
177 153 1,03 | -0,155 330 | 2 575 6,8 |
178 130 0,90 | 0,150
179 165 1,10 | 0,170 82,7
180 175 1,17 | 0,199
181 155 1,05 | 0,183
182 150 1,00 0,207 7,0 1.590 4 470 780 3 310 .50, 8 25,4
183 178 1,20 | 0,160 75,7
184 179 1,21 | 0,168
1185 165 0,90 | 0,175 80,8 1 280 | -3 590
186 165 0,90 | 0,152
187 155 0,86 | .0,063
188 132 0,75 | 0,137 79,6
189 100 0,68 | 0,120 |
190 180 1,52 | 0,160 840 | 2 490 7,0 2.050 | 5 760 745 ) 3 160 | 41,3 12,2
191 175 1,51 | 0,159
192 174 1,51 | 0,162 77,2
193 190 1,60 | 0,156 2 140 | 6 000
194 179 1,53 | 0,156 '



TABLE C.2.

DAILY RESULTS :OF FILTER II (Contd.)

LOAD RATE GAS ACIDS | ALKALIN FEED STRENGTH |EFFLUENT STRENGTH % REDUCTION
Day | mgoa | kg cop Rate | ~CH, Conc | pH mg OA | mg COD | mg OA | mg COD
No. hr. m3Day 1/hr ‘mg/1 mg/l 1 1 1 1 04 1 COD
195 174 1,48 |.0,159
196 185 1,70 | 0,163 74,5 305 | 2 710 7,1 2. 200 | 6 160 760 3 220 64,5 46,3
197 180 1,68 | .0,170
1198 170 | 1,58 |[.0,183 | 6,8
199 214 1,81 | .0,193 74,6 410 | 2 59 6,7 2 180 | 6 120 835 3 540 60,5 42,5
200 217 1,88 | 0,163
. 201 186 1,58 | 0,197
202 186 1,58 |.0,197 '
203 188 1,58 | 0,154 420 |2 660 7,1 1.940 | 5 450 1890 3 770 58,4 38,4 a
204 195 1,65 | 0,150 72,7 a
205 183 1,54 | 0,168 '
206 189 1,60 | 0,172
207 112 1,07 | 0,145 74,6 280 | 2 590 6,7 1 890 | 5 300
208 oo oo 0,219 *
1209 0 0,131 370 | 2 540 6,9
210 0 0,093 305 | 2 630 7,2
211 220 1,87 | 0,150 75,5 2 470 | 6 940 955 4 050 54,9 23,7
212 199 1,63 | 0,146 1.93 | 5 420
213 186 1,52 | 0,159 76,0
214 175 1,40 | .0,170
215 200 1,64 | 0,184
216 183 1,50 | 0,159 70,2
% See Fig, B.2.



. :
TABLE : C.2. DAILY .RESULTS .OF FILTER II (Contd.)

LOAD RATE | GASl - écins gAL'jLIN v FEED STRENGTH EFFLUENT S?RENGTH | %lREDUCTION

Day mg 0A kg .COD - Rate % CHf4 j %Conc Z/l pH ‘mg OA mg COD _mg_OA'. '-mé_CO'D oA C.0.D

No. hr. m’Day 1/hr : | ‘mg/l : . 1 1 1 1 :

217 196 1,66 | 0,160 ' 2.050 | 5 750

218 137 1,16 | 0,148 _

219 330 2,87 0,217 72,8 430 2 410 6,8

220 417 3,53 0,313 555 2 410 6,8

991 392 3,35 0,300 70,4 2 000 } 5 600 845 | 3 580 59,9 37,7

222 360 3,07 | 0,342 |

1223 137 1,17 0,181 72,8

224 59 0,51 0,062 .
225 310 2,30 |.0,330 , 1 700 4 480 o
226 330 2,65 0,273 70,8 410 2 530 7,0 1 970 5 520 745 3 160 62,2 29,6 N
227 314 | 2.67 | 0,270 '
228 356 3,00 | 0,285 71,4

229 283 2,40 0,267

230 302 12,69 0,272 1950 | 5 480 810 3 440 58,5 37,7

231 318 2,83 0,259 70,2

232 1255 2,29 .| 0,250 930 |:2.050 6,5

233 334 2,80 | 0,251 72,6 | 19% | 5 5%

234 370 3,10 | 0,360 |

235 342 2,89 0,323 69,5 ‘ 710 3.010 64,4 45,0

.236 366 3,10 | 0,320 | , 1 990 5 590

237 396 3,36 0,314 68,1

238 347 2,96 | 0,314

239 435 3,73 0,338 | 69,5 415 | 1930 6,6 1 900 5 320




TABLE C.2.  DAILY RESULTS OF FILTER II (Contd.)
LOAD RATE GAS ACIDS | ALKALIN FEED STRENGTH |EFFLUENT STRENGTH % REDUCTION

Day | mg ®A | kg COD Rate | © CHy Conc pH mg OA | mg COD | mg OA | mg COD '

‘No. hr. m3Day 1/hr mg/1 mg/1 1 1 1 1 oA ¢:0-D
240 387 3,30 | 0,344 70,2 680 2 880 64,2 45,9

241 451 3,82 | 0,418

242 290 2,45 | 0,300 69,5 1990 | 5 590

243 255 2,15 | 0,270

244 247 2,09 | 0,234 69,8

245 243 2,06 | 0,247 665 | 2 060 6,7 760 3.220 61,7 42,3
246 216 1,83 | 0,200 73,5 2 080 | 5 820

247 238 2,02 | 0,225

248 1236 2,00 | 0,208 71,6 785 3.330 62,0 42,8

249 210 1,77 | 0,210

250 213 1,80 | 0,231

251 200 1,70 | 0,220 71,3 2 000 | 5 670

252 194 1,59 | 0,203 1900 | 5 340

253 294 2,40 | 0,230 6,5

254 226 1,8 | 0,220 | 69,3 | 1.0% | 2 020

1255 241 1,20 | 0,246

256 199 1,60 | 0,200 72,2 690 | -2 930 63,7 45,2
257 270 2,17 | 0,172
~ 258 270 2,17 | 0,204

259 309 2,73 | 0,272 | 72,4 2040 | 5 710

260 396 3,36 | 0,346 480 | 1 960 6,5 ,
261 450 3.88 | .0,400 68,8 700 2 970 65,6 | 48,1
1262 697 5,94 | 0,500 71,3 445 | 1 930 6,5 | 2520 | 7 060

- GC O~



FILTER 11

TABLE <€.2. DAILY RESULTS OF (Contd.)
LOAD RATE GAS ACIDS | ALKALIN FEED STRENGTH _ |EFFLUENT STRENGTH % REDUGTION

Day mg OGA kg COD Rate % CH,, Conc ng/1 pH mg - 0A ‘mg COD mg_ OA mg COD 0 A cCo0D
‘No. hr. m-Day 1/hr ‘mg/1 1 1 1 1

1263 750 6,35 | 0,600 66,3 800 3 390 60,5 52,0
264 466 3,96 | 0,501 69,8

265 439 3,46 | 0,477 69,1 2 340 | 6 560

266 4,60 3,65 | 0,450

267 499 4,23 | 0,485 68,1 625 | 2 390 6,6

268 500 4,24 | -0,520 71,2 770 3.270 67,0 50,2

269 560 4,83 | 0,560 70,5 2 540 7 140

270 590 5,00 | 0,562 69,8

271 715 6,05 | 0,500 68,5

272 700 5,95 | 0,607 69,0

273 777 6,59 | 0,772 68,3 3070 | 8 610 795 3 370 68,7 52,8
274 813 6,89 | 0,734 | 68,1

275 785 6,65 | 0,714 68,7 675 | 2 650 6,5

276 584 4,95 | 0,614 65,1 3 250 |10 200

277 437 3,71 | 0,545 62,3

278 720 6,20 | 0,667 69,1

279 735 6,67 |>0,12

280 725 6,90 | 0,68 64,6 3 480 9 760

281 506 4,29 | 0,749 67,0 820 | 2 870 6,6 1 010 4 260 67,0 56,3
282 1.040 8,84 | 0.781 63,9 |

283 880 7,45 | 0,810 64,8

284 690 5,94 | 0,819 65,8 3970 {11 100

285 793 6,72 | 0,869 64,2

9C¢ 0 -



TABLE- C.2. DAILY RESULTS OF FILTER 'II' (Contd.)

| LOAD RATE GAS _ ggigs ALKALIN ] FEED STRENGTH  |EFFLUENT STRENGTH | % REDUCTION

Day | mEOA kijggg lﬁi T e/t mg/1 | ’ mg 04 | mg COD | mg OA _mSﬁfOD oA | cop
286 793 6,72 -

287 | 1190 10,10 | 0,397 |67,9 1230 ] 5220 68,9 | 53,2

288 | 1.040 8,84 | 0,915 |[72,8 1 080 3 210 6,8 4 490 | 12 600

289 .| 1 120 9,50 | 1,01 |62,2

290 | 1 140 9 63 | 1,02 ]63,4

291 | 1.090 9,23 | 1,00 63,6
292 | 1 350 11,5 | 1,18 [63,6 6 460 | 18 100

293 | 1 500 12,7 | 1,50

294 | 1 400 11,9 | 1,45 |61,4 1780 |. 7 550 72,4 | 58,4 .
295 | 1 280 10,5 | 1,39 |63,0 ‘ °
296 | 1 590 13,3 | 1,70 | 64,0 7 660 | 21 500 h
297 957 8,12 | 0,927 |59,0

298 | 1 470 12,4 | 1,36 |61,8 2 210 5 110 6,4

299 | 1 880 16,0 | 1,52 |60,8 | "

300 | 1 880 16,0 -

301 890 7,20 0,870 | 56,0 2 300 5 440 6,7 7 670 | 21 500

302 | 1 010 8,20 | 0,985 | 60,8

303 | 1 080 9,17 | 0,965 | 61,5

304 | 1 340 11,4 | 1,05 | 61,6 2 180 9 240 70,1 | 57,1

305 | 1 380 11,7 | 1,05 | 57,5 ' )

306 824 6,98 -

307 824 6,98 - !

308 | 1 500 12,7 | 1,00 |59,0° 8 250 | 23 200




L

TABLE C.2.

DAILY RESULTS OF FILTER II (Contd.)

LOAD RATE GAS ACIDS ALKALIN FEED STRENG_TH EFFLUEN’II' STRENGTH 7% REDUCTION
o | EE ki;ﬁﬁ? he "o i;?i' me/1 o REOR | mESOR MRS | EEER oa | o
309 | 1 440 12,2 | 1,07 56,9
310 | 1 490 12,7 | 1,07 56,0
311 895 7,56 | 0,790 | 50,0
312 | 1 460 12,4 | 0,852 |.56,9
313 | 1 460 12,5 | 0,960 | 53,0 7970 |22 500 |2 750 |12 200 66,1 | 49,8
314 | 1 480 12,6 |»0,75
315 | 1 450 12,3 - | 0,910 5270 5 600 6,8
316 0 0 0,217 | 53,0 2 640 . | 11 900 66,9 | 47,3 ,
317 0 0 0,119 | 74,6 o
318 166 1,42 {0,237 830 6 800 7,5 5
319 0 0,575 | 67,0 '
320 0 50,35
321 0 0,051 | 61,6
322 0 |0,051
323 89 0,755 | 0,122 | 82,7 8 510 | 24.000
324 | 2 990 25,4 |.0,738 | 74,0
325 0 0 0,421 | 39,7
326 560 4,75 0,443 | 61,5
327 954 8,08 51,5
328 954 8,08
329 0
330 0
331 0




'DAILY -RESULTS OF FILTER II

TABLE C.2. (Contd.)
‘ LOAD RATE GAS i éngmDS ALKALIN FEED STRENGTH EFFLUENT STRENGTH 7% REDUCTION
by | ms0a | g on | mee | CT | 00T | ngy ) PR b | mscop fmeoh |m@d | o, | oo
332 570 4,67 0,370 § 8460 18 600
333 261 2,15 0,300 35,0 2 240 5 830 6,8
334 0 4,071
335 0 ,071
336 0 d,166 44,2
337 86 0,70 g,644 2 .800 4 600 6,8
338 57 0,47 d,29 ,
339 302 2,64 0,238 46,4 1910 (533 o060 4030 44,5 34,4
340 1050 8,72 q,300 1 130 3 720 7,1
341 080 9,01 0,306
342 0 0 |
343 590 5,09 4,413 3930 11 400
344 545 4,71 d,425 8,0 1840 |4 560 6,8
345 700 6,00  d,430 1 380 5 980 55,0 47,5
346 737 6,37 4,460  $3,6
347 650 5,80 4,471 37,7 1720 |4 600 6,8
348 701 6,05  d,471 4 110 11 900
349 682 5,88
1350 84 7,28 4,520 1 770 3.230 6,6 1 570 6 730 -pl,9 43,5
351 160 10,2 4,608 36,0 1 700 7 280 - $8,6 88,9
352 388 3,32 4,306 . $3,0 )
353 715 5,90 -(,597 , $ 140 14 100
354 90 |°7,50 Q,520 . §9,5 1 750 4 240 6,9 -

n A7 O -



. TABLE C.2. = DAILY RESULTS OF FILTER II (Contd.)
LOAD RATE GAS. " o é§§2§ ALKALIN . FEED STRENGTH |EFFLUENT STRENGTH % REDUCTION
1]\)]2}.7 mtgn"(.)A kiig?; Iiz;;]e: - mg/ 1 ng/1 P mgioA v mgICOD g :mgiOA m.g'.(IJOD .0 A : COD
355 200 10,0 D, 631
356 350 10,9 D, 655
357 800 6,90 . 0,482 55,0
358" 740 6,08 3;503. 5 210 14 400 1 960 8 150 62,4 43,2
359 850 6,97  P,490 56,0 1 390 4 850 6,6
360 000 8,18  p,522
361 110 9,06 D,570 _ 1 340 4 880 6,6 D 260 8 470 56,6  |41,2
362 800 6,90 >D,33 56,5
363 800 6,90 0,33 ,
364 432 3,55 0,400 5 780 |16 000 3
365 630 5,20 D,484  {59,5 1 590 4 460 6,4 | $,
366 690 5,68  |p,489  |57,5
367 694 5,71 p,508  [56,9 It 550 4 380 6,4 b 250 8 400 61,1 (47,5
368 739 6,00 D,544  [56,9 |
369 750 6,19  p,545
370 780 6,45 0,582
371 675 5,43 0,610  {58,0 7 740 |20 800 |
372 949 7,51 0,627 56,0 6,4 13 030 11 400 60,8 45,2
373 090 8,69 [0,608  |54,2
374 973 7,80 [0,862  |53,1
375 110 8,87 0,800 [56,9 4 050 4 000 6,5
376 110 8,92 10,753 ‘
377 917 7,35 10,659
378 826 9,47 0,639 |53,5 9 050 {34 700




. TTABLE CC.2. SDATLY FRESULTS U@F‘ﬁTIIEER I11 ‘“Contd.)

f

_LOAD “RATE | wGAS . . |smctps  |snrRALIN i} ZFEED:STRENGTH " EFFLUENT::STRENGTH _

: o [ o . Ae—
, L . . fu%ceH, | |CCenc. sprH
Day | .mg OA { :kg.:COD Rate '| N4 | ‘mg/1

cmgZOA | img.COD | mg OA {umgigoD | .. |-
mgiﬁ, ;‘_mgim “me%iﬂA ﬂﬁqmgW%QD S508AT 1| CN0ND

‘No. | hr.: _t;nﬁDay Y/ar - ‘
379 716 8,18 0,495 |[50,5% ' 1 4 020 {20900
380 170 | 13,3 0,655 |51,5 | , |
381 100 12,5 0,625 3 150 4 120 6,1 - 4 770 |22 100 47,3 |36,4
382 120 | 12,8 0,630 48,0 | '
383 200 13,7 {0,659
384 100 12,5  |0,640
385 230 | 14,0 0,634
386 040 8,47 10,500 49,0 ' 10 200 27 700
387 | 900 7,30 0,485 49,5
388 FLUSHED| .OUT FILTER
389 |103 ‘| 8,33 :|0,386
390 1 120 9,07 0,63 |62,0
391 |1060 | 8,55 (0,870 |5L,0 | ‘
392 980 | 7,97 0,917 50,5 4 490 4 650 | 5,4 {2700 106 700 - -
393 | - 898 7,30 0,880 52,0 " 4

e i

Acid in Orsat Af)paratus
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TABLE C.3 ~ DAILY RESULTS 6F FILTER III
| LOAD RATE GAS ACIDS _CONC. _ ALKALIN pH | FEED _sTRENGTH | EFF,  STRENGTH % REDN.

ooy omon Tasoon | moce | gy, | tcig Totme Tacit Toume [ Toure, | maion Tmwcom fonon oo |

213 | 448 | 3,65 | 0,175 5 400 | 15.200

214 600 | 5,10 | 0,200 - '

215| 628 | 5,08 | 0,180

216 594 | 4,81 | 0,180 | 82,7

217 554 | 4,55 : 2720 | 7 630

218| 600 | 5,08 | 0,160
< 219 548 | 4,40 | 0,153 | 81,9 | L 780 12 360 16,3 2 440 | 6 840

220 | 506 | 4,57 | 0;150 1 380 12 170 7.0 ,

221 520 | 4,25 | 0,164 | 81,1 ' 2 440 6 840 860 '3.650 | 63,6 | 46,7 C
222 | 509 | 4,11 |-0;l64 ' K
223|170 | 1,37 | 0,163 | 74,6 ’
224 451 | 3,65 | 0,187

225 449 | 3,62 | 0,186 2 380 | 6 670

226 426 | 342 | 0,155 | 66,1 | 1 750 1810 5,7 970 | 4110 | 59,2 | 38,3
227 | 425 | 3,42 | 0,165
T 228 450 | 3,70 | 0,177 | 68,3
229 424 | 3,42 | 0,178

230 495 | 4,01 | 0,187 12510 | 7050

231 335 | 2,70 | 0,083%| 60,4

232 505 | 4,10 | 0,040 6,3 | 6,9

233 393 | 3,19 | 0,260% 2 490 | 6 980

234 | 484 | 3,90 | 0,19

235 455 | 3,68 |.0,131 | 66,1 730 | 3100 | 70,7 | 55,7




TABLE C.3.

DATLY RESULTS OF FIETER

III (Contd).
LOAD  RATE GAS ACIDS _CONC. ALKALIN _ pH | FEED STRENGTH | EFF. STRENGTH % REDN.
mﬁQQA kﬁ:ﬁ?? §7E§ | -%CHy, 'figfi ;?;;ﬁf ffﬁ;fi ‘-?;;ﬁf Aeid’ |cire. |BESR | DESOD .mgiOA RED | oa e
236 | 510 4,20 | 0,103 ~£_5®e 7 010
1237 | 532 4,31 0,054 |66,7
238 | 328 |2,65 0,440%
239 | 712 5,76 0,390 ltaso |715 |2 150 [3.250 | 6,6 |7,3 R470 |6930 | 775 3.290 §8,6 B3,1
240 | 669 5,41 0,415 |70,4 | |
241 |.634 5,13 | 0,415
242 | 404 3,3 10,392 |66,7 P340 | 6 710
243 | 353 |2,92 | 0,353
244 | 350 12,90 0,326 (72,4 _
245 | 358 | 2,9 0,320 42 050 {535 2 410 |4-280 | 6,6 |7,4 950~ | 4030 p0,2 [0,0
246 [.358° | 2,9% 0,285 |72;4 D 580 | 7.240 | '
247 | 382 ‘3,10 | 0,323
248 | 396 |3,21 | 0;306 |70,5 985 4.180 p2,0 h2,3
249 | 306 |2,48 | 0,2% | |
250 - | 352 2,86 0,307
251 | 304 2,46 | 0,280 {70,9 b 530 | 7 100
252 oo oo 0,292
253 | 368 2,98 | 0,38 |[69,1 | 3580 [910 2050 {208 | 7,0 |6,9 pesw |7 4l0
254 | 363 |2,9% | 0,300
255 | 384 3,11 | 0,335
256|317, |2,5% 0,29 |[70,5 |-855 | 3630 67,6 Pl,1
257 317 > | 2,56 0,267
258 | o |o
« |NEW  |SLUDGE

- CC N~



DAILY RESULTS OF TFILTER III (Contd).

TABLE . C.3.
LOAD  RATE GAS ACIDS CONC. _ALRALIN _ pH FEED STRENGTH | EFF. STRENGTH % REDN.
341 2,76 10,259 B 110 |8 730
446 3,62 | 0,370 1 580 {05 2 530 P 590 6,5 |7,0
261 | 499 3,98 0,390 [69,3 o 7925 |13.920 J0,3 b5,1
262 | 565 4,58 0,450 {67,9 |L 570 W75 2.480 R650 - |.6,5 |[6,9 |
1263 640 5,20 0,491 67,7 \ B 170 8 890 |17030 | 435 p7,1 50,2
264 | 505 40,8 0,466 |68,1. '
265 | 480 3,89 | 0,400 67,9 5
266 | 490 3,90 0,440 |
2267 | 412 3,34 0,475 [66,1 . |l 360 K75 2 690 P 890 6,7 7,1 B 560 Jo.ooo | -
268 | 839 6,79 0,593 65,7 12020 | 4330 -p9,4 56,8 ¥
269 750 6,07 0,650 65,7 '
270 | 770 16,24 0,618 66,8 6,9
271 | 796 6,45 | 0,648 69,0 B 790 Lo 600
272 |88 | 7,18 |.0;723 |66,5
273 | 975 7,91 0,760 65,7 865 | 3670 7,2 $5,5
274 |.168 1,36 0,338 (67,0
1275 41090 B9,1 0,743 72,0 {1 210 .35 3.270 .[3 320 6,6 |7,0
276  [6800  j5551". 0,353 |65,1 B 640 [L0 200
1277 | 0 0 0,550 B 400 |9 550
278 | .510 4,13 | 0,570 |71,2
279 | 718, |5,81 50,7
280 | 694 - | 5,62 0,645 (65,2
281 | 686 |5,56 0,630 (68,1 [ 000 K95 2 680 |3 250 6,4 |7,1 |t 100 |4 640 p7,8 Pl,4




TABLE C.3.  DAILY RESULTS ' OF FILTER III (Contd,).

LOAD RATE GAS _ ACIDS CONC. ALKALIN p‘H.V‘ FEED'STRENGTH EFF{ VSTRENGiH % REDN.,
282 | 726 5,88 | 0,685 [68,5. L 950 1 100
283 | 794 6,43 0,750 66,8
284 | 966 7,81 0,770 |65,1
285 | 965 7,81 0,777  166,5
286 | 482 3,90
287 {902 7,41 0,790 71,6 | 4730 13300 [L 250 |5 280 68,4 $2.,4
288 11050 8,66 |0,945 65,8 I 610 o5 13370 B 600 6,8 [7,0 |
289  |995 8,17 0,855 [65,0 |
290 | 981 8,07 0,900 65,7 o
291 1020 8,60 (0,870 67,4 § 320 14 900 w
202|964 7,79 0,899 [63,6 '
293 1000 8,12 p0,88
294 . [100 8,90 0,950 63,8 - b 430 18.000 [L 630 6 910 69,4 53,8
295 1130 9,11 1,07 63,0
296 180 9,54 1,14 63,8
297 130 9,11 [1,10 63,0 |
298 [150 9,31 1,02 65,0 R 750 .} 110 [4300 K720 |6,7 |[7,2
299 1600  13.0 1.13 62,5 ‘ § 510 18 300
300 [580 2,8
301 1450 11,8 0,950 56,0 Booo | 4% |4.360 & 830 6,7 |7,1
302 lO@Ol 8,00 0,960 60,5
303 |90 * [7,50 |o0,83 63,8 $ 640 18 600
304 Y09 8,86 0,980 |64,6 | i 970 |8 330 fo.4 35,3
—




 DAILY RESULTS ' OF FILTER III (Contd).

TABLE. .C.3.

LOAD _ RATE GAS | _Acips _cong, ALKALIN _pH_ FEED STRENGTH | EFF, STRENGTH % REDN.
by |meoh | XEOOD | febe |, |ASLG | OIS AT | OER | Actd foire. (PR (ISR | MESS| SRR | on cod
§b5 1280 10,4 0,970 | 60,4
1306 | 1140 9,20
307 | 1140 | 9,20
308 | 1400 |11,7 >1,0 |.57,7 7 980 |22 400
309 {1490 |12,1 1,29 | 56,9
310 | 1560 12,7 - 1,29 59,5 =
311 | 1425 11,5 1,23 60,5 =
312 | 1460 |11,8 1,23 | 60,0 §§
313 | 1350 |11,3 1,26 | 59,6 7.890 |23 100 |2 59 | 8 160 |66,0 |62,2
314 |1320 |11,1 1,17 B
315 | 1280 |10,8 1,18 7500 890 | 4 780 |5 570 6,6 | 6,8 ) é%
316 o | o 0,383 | 56,9 2780 | 9 810 |64,8 (57,6
317 o | o 0,125 | 71,0 =
318 | 212 1,79 0,200 884 | 940 | 7 060 |7 olo 7,5 | 7,6
319 | 895 7,55 0,360 | 71,8
320 | 895 7,55 | .0,490
321 o | o 0,228 | 51,0
322 o | .o 0,228
323 | 472 | 3,80 0,285 | 70,3 8 060 |22 400
324 |1320 | 10,6 0,580 | 61,6
325 | o |o 0,370 | 42,2
326 | 580 | 4,65 | 0,443 | 63,4
327 | 945 7,57 0,344 | 55,5

- QC N



TABLE .C.3.  DAILY RESULTS OF FILTER III (Contd).

LOAD RATE GAS. .ACIDS CONC—_. AL‘KALIN. 1 Y H __ FEED STRENGTH . EFF . STRENGiH 70 REDN.
by |tk keS| B uan, | AT | e | ST | Gafy [Acie [otee. (MBS | EEGOR | MEER I REIR | oncon
328 | 945 7,57 | 0,344
329 | 930 7,40 | 0,344
0330 | 930 7,40
331 | 930 7,40
332 | 850 6,73 | 0,251 ) {6 950 |19 000
333 | 288 |.2,27 | 0,330 |58,0 |3 780 {290 [5100 (5300 | 6,5 |6,9
334 0 0 10,290 R ] |
335 | o o | e,147 c
336 | 116 [ 0,91 | 0,147 68,8 | . | <
337 | 4o4 3,18 | 0,138 12 650 {179 |5 35 |6 710 6,9 | 7,3 !
338 | 1o4 0,80 0,163 |
339 | 482 |'4,08 | 0,235 |69,8 | = 1930 | 5 490
340 |1010 9,00 | 0,360 11300 |1180 |368 4280 | 7,1 | 7,2 N 1.080 | 4.050 [44,3 [26,2
31 | o |o 0,370
342 -0 0
343 | 605 | 5,05 | 0,386 | ‘ 13 990 |11 200
344 | 688 5,74 0,480 | 61,0 |2 380 |180 |3820 [4 700 6,7 | 7,1 |
s | 8so | 7,00 | 0,525 | 129 | 5800 1{67,6 [48,3
346 | 731 6,11 | 0,540 |36,9 ’
347 | 750 [6,20 |0,537 [58,0 (2580 199 [4o010 4660 6,8 | 7,1
s | 974 | 8,7 0,611 4150 |12 100
369 | 875 ' | 7,62 ’
350 | 895 | 7,80 | 0,620 1710 {180 |3670 |4430 | 6,6 |7,0 1470 | 6310 |64,5 |48,2




. DAILY 'RESULTS :OF 'FILTER III (Contd ).

TABLE C.3.
L0AD  RATE GAS ACIDS _CONC. ALRALIN pH ﬂ@gmmm@kjm,smmma % REDN.

'11\)12?7 EI%1~££i ],'kﬁjggg Iie/t;i %Cﬂlr "An?gi/dl .}.(:‘-:gr/cl. ” Ar:gi/dl ’~(ir:11gr/cl. | Aeid | Cire. Amgl;('DA | C10D ‘mg];OA = ?OD OA |COD

351 | 383 3,33 | 0,479 | 56,0

1352 o | o 0,318 | 60,5 B

353 | 110 0,85 | 0,228 | 5 310 | 14 700

354 | 280 | 2,20 0,217 | 68,5 [ 1390 | 705 | 4 810 | 4 950 7,2 | 7.4

355 | 250 2,10 | 0,250

356 | 466 3,57 0,479

357 | 650 | 4,95 0,510 | 61,5

358 | 716 5,45 10,520 1 630 6 310 | 66,6 |56,5

359 | 700 5,33 | 0,495 | 60,0 |2 420 |1 710 | 4 380 | 4 840 6,8 | 7,1

360 | 709 5,39 0,515 N

361 | 690 5,30 0,545 2150 | 188 | 483% |[5000 | 7,0 | 7,1 18% | 6770 [58,0 |50,8
362 | 875 7,10 | 20,33 | 60,9 | 7 490 | 20 400 |

363 .| 875 7,10 | >0,33

364 | 865 7,01 0,750

365 | 930 | 7,50 0,742.] 56,0 | 2 880 |2 720 | 4 600 | 4 850 6,9 [ 7,0

366 | o0 oo 0,69 | 56,9 )

367 | 710 5,40 0,740 | 61,8 | 1030 | 825 5270 | 28% | 7,3 | 7,4 |9 180 |23 300 | 228 | 6560 |75,2 |71,9
368 | 1020 7,71 | 0,90 | 53,6

1369 | 1130 8,56 | 0,68

370 [1170 | 8,88 | 0,861

371 | 1240 | 9,41 | 0,851 | 53,1

372 | 1170 | 8,86 0,910 | 53,1 6,5 | 6,6 3.220 | 14 000 | 64,9 |40,2
373 | 1290 | 9,74 0,905 | 53,1

e



TABLE. C.3.  DAILY RESULTS OF FILTER III (Contd).

GAS. | ac1ps ?ONC,l' ALKALINv " | pH FEED STRENGTH | EFF. . STRENGTH % REDN,
'gg}.' 1;7‘;5 | %CH4 An(l:gi/dl "f%gr/cl. " '?gi/i !r"(irfgr/cl. | Acid | Circ. "EiOA ' mg'(‘i:OD '%‘1% 'mg‘v*"(i:;@D 0A 1 COD
374 | 1250 19,55 | 0,940 | 53,1
1375 | 1600 16,8 0,750 | 56,0 |3 110 |3 440 | & 810 |4 330 6,9 6,8 10 600 |37 600
376 | 2000 21,0 | 0,84 '
377 |2280 | 24,2 |0,73
378 | 1820 19,3 1,14 | 55,2
379 [1830 19,4 1,13 | 46,0% | | , e N : 3 860 |22 900 (63,5 [39,1
380 |1770 | 18,0 | 1,14 46,0 | - | e | 0.600 |37 300 | '
381 {1790- | 18,2 1.10 4890 |5160 | 5230 (523 | 6,7 | 6,7 4 500 |22 900 |57,4 39,2
382 [1810 | 18,4 | 1,05 [47,0 | o
383 {1830 18,7 1,03
384 | 1840 18,7 0,970 :
385 |1850 | 18,8 | 0,970 |
;386 |1630 12,8 . 1,00 44,0 , -~ 10.000 (27 300
387 |1600 | 12,6 | 0,960 | 45,0
1388 | 1260 29,93 | 0,870
1389 FLUSHED  OUT | FILTER
-390 |.934 7,35 0,324 | 60,2
391 |.915 7,20 0,580 | 46,0 |
392 | 985 7,75 0,660 | 45,0 |4 860 |3 530 | 4 450 |4 630 6,3 | 6,6 279 |13 100 |72,1 |51,9
393 | 1100 8,62 0,680 | 44,0
394 1 : 0,75 | 45,0
|* acIp|IN oRsaT) APPARATHS
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APPENDIX D

e~

FLOCCULATION :STUDIES

'D.1. INTRODUCTION

‘As stated in Chapter 1, there was. good reason to believe that
flocculation of the yeast wastes would be feasible, especially in view of
the work done by Federov and Golod (14), Clayton (8) and Ross and Conradie-
(48) who demonstrated the colloidal nature of molasses and yeast wastes.
Hence a series of tests were-carried out in order to determine the optimum
dosages of cQagulant, pH and flocculation times.required for flocculation

of the yeast waste.

'D.2. FLOCCULATION THEORY

The basic theory of coagulation-and flocculation is well known, and
has been covered'by'many"authors, including Sawyer and McCarty (57),.ahd
so it will not bevrepeated. The.choiée;of coagulant was governed by
some»aspects‘of'the»theory, however, and these relevant portiens will be

discussed briefly.

‘Most colloids of organic origin are -hydrophilic in nature, and thé\
particles carry megative .charges, although these are often weak (575.
Consequently these colloids are best coagulated by ions carrying many
positive charges each, e.g. Fé+++ and,A1+++. When these ions-are used
for'coagulation;:only-a small fraction of the ions applied.acthally-cigse{’
coagulation of the colloid, the remainder form a positively charged”” o
~metallic hydroxide colloid. Consequently it is customary to use theﬁ///

sulphates of Fe or Al since the negatively charged S0z ion i

A
causes coagulation of the hydroxide colloid (57). In choosing between '
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ferric sulphate ‘and aluminium sulphate as coagulant, the .solubilities:of = .

the -resulting hydroxides was the deciding factor. .Since Fe (0 H)3 is

effectively insoluble -at any pH greater than 4, while Al (O H)31is:only

;insoluble between pH 4,5 and 7,0 it was :decided to use ferric sulphate

-as coagulant for most of the tests to be performed.

'D.3. EXPERIMENTAL METHOD

The flocculation tests were carried out by the well- known:jar-test
method. (57). - The procedure:was the samevfor-all the tests: .A 300 - 400
ml sémplevof the yeast waste was placed in a 600 .ml glass beaker. The
volume of concentrated coagulant solution required to give the desired
final concentration was then added from a bu;ette-with.rapid mixing from
a high speed propeller stirrer. The pH waé{then adjusted to- the desired
value using either sulphuric acid or sodium h?éxoxide»solutions, whilst
rapid mixing continued for not longer than-2. miﬁutes. The samples were the
then placed on a slow speed (60. - 80 r.p.m.),péqdle stirrer and stirred
gently for :20 mimutes, after which time the floc that had formed was -allowed
to settle, usually ovetrnight. Samples for analysis were drawn off from

approximately 1 cm below the surface with a pipette, taking care not to

‘disturb the settled floc.

J
In-addition to the runs using ferric sulphate as described abové;”/I
two runs at low pH were carried out using the‘same procedure but with |
aluminium -sulphate as coagulant. . Also a run was carried out using
Q,S,g/l.oije+++ asuFe2(804)3 over a,pHvrange-ffom 3,0 to 9,0 at

intervals of 0,2 pH units, and a further run using the supernatant

" from two .flocculations with aluminium sulphate :as samples for floccu-

lation with ferric- sulphate.

.D.4. RESULTS

" Detailed results of ‘all the runs carried out are given in Table D.1

"These results are discussed in Section D.5 below.
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'D.5. DISCUSSION OF ‘RESULTS

The results given in Table D.l show that it is possible‘to reduce
the OA of the waste by up to_60%, but the coagulant dosage required for
this - 5 g/l of_Fe+++ and a pH of}3,5 - is far too high fer economic
practical use. The results also show wide variations from run to run
with $imilar dosages, e.g. in Run 4, 3 000 mg/l of Fel™ at. pH 9;6 gaﬁe
.a reduction in OA of ‘25,5%, but the same dose -at the same pH in.Run 7
gave a reduction of 30,3%. This indicates that the character of the
waste changes from batch to batch and. that this affects the dosage of
‘coagulant needed. for optimum flocculation. This means that with:a large
-scale -process,. each batch of waste would have to be tested to determine
-the -optimum coagulant dose required, and this would be extremely costly

as well as posing a control problem in dosing.

The results of Run 22 show that more than one colloid is present
in yeast waste, and that successive flocculations can effect reductions
- greater than,thécﬁo%*achieved,in Run 13. The coagulant. dosage required
is étillvextremeIY’high, however. In view of the-high dosages required
to effect these reductions it seems likely that the mechanism of the
process .taking place:is not truedcgaguLationAand.flocculation.at.all,but
adsorption of the materials in the waste onto the-hydroxide floc particles
Thié is also indicatedibjfthéialmostfuniyersal riéefin percentage.femoval

-with.increasing coagulant dosagé-exhibited by -the results. at any one

 -value of the pH, indicating: that the more-floc particles. there-are, the

‘more material is adsorbed from solution. Had . the process. been purely
destabilization of a colloid, the-results would have shown a peak at a
certain dosage, with reduced removal at higher dosages caused by charge

-reversal and restabilization of.the colloid.

Because of the high chemical dosage-needed to effect a significant
reduction in strength and because of the variable nature of the waste,

~flocculation cannot be-recommended as a method of treating the waste.
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TABLE D.l. FLOCCULATION RESULTS
CONCENTRATION OA
RUN NO. COAGULANT OF CATION pH mg/1 % REDUCTION
mg/1
1 Fey(504) 5 - 9,0 19 600 -
280 9,0 17 800 9,2
559 9,0 17 300 11,7
838 9,0 15 600 20,4
1 120 9,0 14 300 27,0
1 400 9,0 13 300 32,1
2 Fe S04 - 7,8 19 200 -
1 400 7,8 17 800 . 7,3
2 000 7,8 17 700 7,8
3 000 7,8 17 300 -9,9
4 .000 7,8 17 100 12,5
5 000 7,8 16 000 16,7
3 Fe S04 - 8,7 20- 600 -
100 - 8,7 18.800 8,7
500 8,7 18 700 9,2
1 000 8,7 18 600 9,7
3 000 8,7 17 200 16,5
5.000 8,7 16 300 20,9
4 * Fep(S04)33 - 9,0 16 500 -
750 9,0 .14 000 15,2
1 500 9,0 13 700 17,0
2 000 9,0 13 400 18,8
2 500 9,0 12 900 21,8
3 000 9,0 12 300 25,5
5 Fep(504) 5 ~ 8,0 19 600 -
250 8,0 18 700 4,6
873 8,0 18 100 7,7
1 750 8,0 17 800 9,2
2 500 8,0 16 800 14,3
5 000 8,0 14 200 27,6
01ld Yeast Waste
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TABLE D.1. FLOCCULATION RESULTS (Contd.)
CONCENTRATION oA
RUN NO, COAGULANT OF CATION p H g/ 1 % REDUCTION
mg/1

6 Fey(504) 5 - 8,0 18 900 -
500 8,0 15 700 16,9
1 000 8,0 16 300 13,8
1. 500 8,0 15 500 18,0
2 500 8,0 14 000 25,9
3 500 8,0 | 12 500 33,9

7 Fey(504) 4 - ' 9ﬁf 19 500 -
500 9,0 17 800 8,7

1 000 9,0 17 900 8,2
2 000 9,0 16300 16,4
3 000 9,0 13 600 30,3
3 500 9,0 ‘ 13 300 31,8

8 Fey(504)3 - 4,8 19 500 -
500 9,0 17 200 11,8
1 000 9,0 16 400 15,9
2 000 9,0 14 700 24,6
3 000" 9,0 13 200 32,3
500 10,0 17 200 11,8
1 000 10,0 16 100 17,4
""" T _ 2 000 10,0 ~ 14 500 25,6
-3 000 10,0 13 200 32,3

9 Fey (5044 - 5,4 26800 -
- " 5,5 27 600 - 3,0
25 5,5 26 500 1,1
50 5,5 25 000 6,7
100 5,5 23 300 13,1
150 5,5 25 000 6,7

300 5,5 24 600 8,2
450 5,5 22 900 14,6
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TABLE D.1. FLOGCULATION RESULTS (Gontd.)
CONCENTRATION oA
RUN NO. COAGULANT OF CATION pH g/ 1 % REDUCTION
mg/1
10 Fe,(S0,)3 - 5,4 28 400 -
- 4,0 27 600 2,8
25 4,0 24 600 13,4
50 4,0 .26 800 5,6
75 4,0 .25 000 12,0
100 4,0 25 500 10,2
125 4,0 ) 26 400 7,0
150 4,00 26900 5,3
11 Fe,(80,) 3 - 5,3 22 200 -
- 3,5 22 200 0
10 3,5 22 000 0,9
25 3,5 22 000 0,9
50 3,5 21 500 3,2
75 3,5 21 900 1,4
100 3,5 21 900 1,3
150 3,5 21 200 4,5
12 Fey(504)4 - 5,2 .22 300 -
1200 3,5 22 100 0,9
500 3,5 21 900 1,8
1 000 3,5 -21 600 3,1
1 500 3,5 21 300 4,5
2 000 3,5 17 800 20,2
2 500 3,5 15 900 28,7
2 940 3,5 14 800 33,6
13 Fe,(80,)3 - 5,9 19 300 -
- 3,5 19 300 0
2500 3,5 12 500 35,2
3 000 3,5 11 700 39,4
3 500 3,5 .10 600 45,1
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TABLE D.l.  FLOCCULATION RESULTS  (Contd.)
CONCENTRATION oA
RUN NO. COAGULANT OF CATION p H ng/1 % REDUCTION
mg/1
4 000 3,5 9 400 51,3
4 500 3,5 8 500 56,0
5 000 3,5 7 700 60,1
14 Fe)(50,), - 5,7 18200 -
25 7,0 18 000 1,1
75 7,0 | 18 100 0,6
200 7,0, 17 600 3,3
1 000 7,0 16 300 10,4
2 000 7,0 14 900 18,1
3 000 7,0. 13 600 25,3
4 000 7,0 12 200 33,0
5 000 7,0 11 300 37,9
15 Fey(80,) 3 - 5,7 18 200 -
10 4,7 18000 1,1
50 4,7 18 100 0,6
100 4,7 18 100 0,6
500 4,7 17 500 3,9
1 500 4,7 16 100 11,5
2 500 4,7 13 300 26,9
3 500 4,7 11 400 37,4
4 500 4,7 9 000 50,6
16 Fey(50,)3 - 5,6 18. 200 -
10 6,5 17 900 1,6
50 6,5 18.000 1,1
100 6,5 17 800 2,2
500 6,5 17 200 5,5
1 500 6,5 15 800 13,2
2 500 6,5 14 800 18,7
3 500 6,5 12 900 29,1
4 500 6,5 11 900 34,6
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TABLE D.L1. FLOCCULATION (Contd.)
CONCENTRATION oA
RUN NO. COAGULANT OF CATION p H ng/1 % REDUCTION
. mg/1 ]
17 Feg(S04) 3 - 5,7 17 600 -
1 000 5,5 16 300 7,4
2 000 . 5,5 15 100 14,2
3 000 5,5 13 500. 23,3
4 000 5,5 11 500 34,7
5 000 5,5/ 8 500 51,7
18 A19(50,)3 - 5,1 18 500 -
10 4,0 18 500 0
50 4,0 18 400 0,5
100 4,0 18 300 1,1
500 4,0 17 800 3,8
1 500 4,0 16.200 12,4
2 500 4,0 14 400 22,2
3 500 4,0 12 500 32,4
4 500 4,0 11 600 37,3
19 A1,(50,)3 - 5,2 18 100 -
25 5,0 19 900 -10,0
75 5,0 18 100 0
200 5,0 18 100 0
1 000 5,0 17 100 5,5
2 000 5,0 15 600 13,8
'3 000 5,0 12 100 33,2
4 000 5,0 10 000 44,8
5 000 5,0 8 950 50,5
20 Fey(504)3 - 5,7 19 500 -
800 3,0 18 600 4,7
800 3,2 18 700 4,1
800 3,4 18 700 4,3
800 3,6 18 500 5,2
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TABLE D.l.  FLOCCULATION RESULTS  (Contd.)
CONCENTRATION oA
RUN NO. COAGULANT OF CATION pH ng/1 % REDUCTION
mg/1
800 3,8 18 600 4,7
800 4,0 18 700 4,3
800 4,2 18. 900 3,2
800 4,4 18 900 3,2
800 4,6 18 500 5,2
800 4,8 | 18 900 3,2
800 .5,ofi 18 800 3,7
800 5,2 18800 3,7
800 5,4 18700 4,3
800 5,6 18. 900 3,2
800 5,8 18 500 5,2
21 Fey(50,) 3 - 5,7 19. 900 _
800 6,0 18 600 6,7
800 6,2 16 700 6,4
800 6,4 18 500 7,3
800 6,6 18 600 6,7
800 6,8 18 600 6,7
800 7,0 18 600 6,7
800 7,2 18500 7,3
800 7,4 18 400 7,6
800 7,6 18 100 9,4
800 7,8 18 500 7,3
800 8,0 18 400 7,6
800 8,2 18 400 7,6
800 8,4 18 500 7,3
800 8,6 18 600 6,7
800 8,8 18 100 9,4
800 9,0 18.500 7,3
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TABLE D.1. FLOCCULATION RESULTS (Contd.)
: ; CONCENTRATION oA
RUN NO. COAGULANT OF CATION pH e/ 1 % REDUCTION
mg/1 &
22 .3 000 mg/1 E 0 - 12 400 31,7
AT (500 3,5 12 100 32,8
then EZ 000 3,5 10.100 44,0
Fe,(50,)3 (4 000 3,5 6 770 62,6
400 mg/1 ( 0 - \ 10 500 42,2
AT E 500 3,5 / 8 790 51,4
then (2 000 3,5/ 9 240 49,0
Fey(S04) 3 E4 000 3,5 6 000 66,9
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APPENDIX E

REGRESSION PROGRAMME

E.1. INTRODUCTION

The computer programme listed below and used in the statistical
treatment of results detailed in Chapter 4, Section 4.3., was based on the
standard Multiple Linear Regression Program, "“REGR", given in the IBM
Scientific Subroutine Package (20). The original programmev;ead in data
from tape, but since only 17 sets. of data. were to be-treated,ithese-were
.read in from cards, the programme being modified accordingly. The pro-
gramme makes use of 5 subroutines, viz., "CORRE" (which in tu#n calls for
a special.subroutine-némed "DATA"), "ORDER", "MINV" and "MULTR". The
-four main subroutines.are:available from the Scientific Subroutine Package
(20), but the subroutine:"DATA" must, K be supplied by the user. Because

of the simplicity of the data used in this case, the main prograﬁme"was

modified and .a dummy subroutine was used. This consisted .of:

_ SUBROUTINE .DATA
RETURN. "
END

v This Appendix also gives.a sample;print-out of the results of
the regression,. with the effluent concentration, E mg COD/1l as the dependent
variable and the-square of the feed concentration FZ,.as the independent

variable.
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c SIMPLE “#1% PPOLRES FCE PLLTIPLE FLEFELTICN - HECHL RECK  1C
[4 TRE“TOLLOWING QUENENSSOANS ®MUST BE GRLATIA THAN OR £QUAL 10 THL REGR 23
[ NU=3ER OF VARTABLES. ™ REGR 1
DIPENSION XBAZC12) o, TDCRA oD DI oRT LTIV o TSAUE(L IV eBC1OIoSL{12)eTILRIGR 8y
ie) REGR ¢
L THE FOLLOMING CINTNSIOK MUST 8E GREZTER 1¢ah OH ECLAL 10 THE  KEGR 60
c PEGIYCT AF Me¥ REGR 7)
pIPENSICN RKC100) PEGR RO
[4 THF FOLLOWING CIFESIOK FLST BE GPEATER TWAA DR ECUAL TG THE RECk Qo
4 ! PRODUCT OF Mo REGR 17T
CIVErSTCN X{e. Q) REGR 111G
[4 THE FOLLONING LIPEASION MLST RE GREATER ThAS OH €CLAL T0 RECR $2C
c (oe11e%/2, REGR 172
CIMEMSION R{6CD REGR 140
c THE FOLLOKTNG CIPENSION PULST BE GPESTER 1MAA OR ECLSL 10 10.  REGR 190
DINENSTON ANS(1D REGR 160
T FOPEAT(ABWAD 150 2]2) HEGR 170
7 FORMATI2ZHINULTIFLE CECRESSICN.ueeod®9A2//7LKe LARSELECTICN asao 12/ /7REGR 180
1 REGA 199
3 3 FLP¥ATICGHOVAR JARLEo XA HREAL e Ko 8RS TANDARL 24X o L IHCORREL AT LONS X ICREGR 200
IPREGRE SSIOHs 8Xe1N45TO. ERACRISY o BHCORPITED/BH  NULo1BY o 9HOEVIATIOREGR 21D
2HoTXe4FX VS EeTXo 11ACOEFFICIENTeIX012hCF REGSCOEFL 93X 74T VALUED RECR 220
4 FOPMAT(IM +[8e6F18451 RECR 232
5 FOFRAT(ICH DEPENCERT) REGR 2aC
¢ FOPMAT{1HI/19H L&TERCEPT1NKeF1645//234 MULTIPLL CORRELATION LF13REGR 250
1.505X 9 22H¥LLTIPLE DITERPINATIONGFI3.5//22% $STO, ERROR OF ESTIMATC JREGR 26C
PF1Y.%/17) KEGR 27¢C
7 FORMATL I+ 21X ¢ JOHANALYSIS 0F VARIANCE FOR THE REGRESSEON//3X4+19HSREGR 200
10UFCE CF VARIATICN»7Xe THDEGREES 27X e 6HSLY CFo1CXyBKNEAKS12Xe7HF VALREGR 290
e .. —  2UE/30Xe10HOF FREEJOTeAXeTASOUARESH9Xe TASOUARES) REGR 300
P FOKMATCI0K ATIRIPUTABLE TC REGFESSION ¢ 1£e3F16.5/20+ BEVIATION FREGR 110
- 180¢ REGRESSION  116¢2F16.5) . REGR 320
O FERPATEIN ¢EXeSHIGTAL +19Xe 160F36.5) REGR 330
- 13 FoRmatilel2y REGR 3a0
11 FCPWATCIH o 1°Xe 1FHTABLE OF FESTOUALS/ZSE CASE NOesSXe7HE VALUE+SYIREGR 3SC
TIUHE CSTIMATE +bXeBRIESTIDYALY e - —. REER 38D, .
12 FORMATUIH o16¢F15.542F18,5) REGR 372
- 33 FORMATCEIMIKUPBED OF SELECTICNS ¥OT SPECIFIED. JOC TEENINATED.) _REQR 8@
1a FORYAT(S2HDTHE NATRIX 1S SINGULAR. TMES SELECTION IS SKIPPEO.!  REGR 390
- - 1t FORMATE2FI0.R+F10,00F1Q.2) .- o B gELR 400
< READ PROSLEW PARAYETER CASD REGR 810
. 1¢C READLRAL) RRPRIsHINIKS — e _RESR A0,
c LPROELEN NU'BE® (NAY BE ALPAANERIC) REGR 430
NI PROBLER MUMGER (CONTRIRULGE e REER. $40.
c +NUMBER OF CBSERVATIONS
P +NUPEER OF VARIACLES _
¢ "NSeesvessoHUMBER NF SELECTIONS REGR 870
L _ ¢ CRERD. OATAS EFFLULET STREFREYHs 3 FEED STRENGIED €1 FLOE RATEs REGR &3¢
c 0% ALKALINITYs Bi AND COMPUTE SDUARES AND CROSS PRODUCTS REGR 490
| 0B 11X 1z3eM @ REGR 300
QEADIBV15) XTI eX(2eN)eXClo2aN)sX¢1o3uN] REGR %10
X(IsaeNI2{X{IoNYew22/1000000, B REGR 520
XCTSoNIZUXCI42en) 0210100, REGR $X0
X{lepow)={X(1e3eX3992) /1000000, a REGR 540
Laetasaaaztzsanttinta tn] - RTTE 93T
X{TePaN)TX(Te®deX(143eN}/1307000 KLGR 540
L e XELeSRL)IEtlelerdaXilelsNd - ELLE 518
111 CONTINUE RESR 380
168512 airs 386
CALL CORRE (Ph'-Io.x-IGAR'S']'RIOMO'B"H REGR 430
[ TESY EUPBER OF SELECTICKES RECA $10
LFINSY 17841084129 REGR 420
- 1C8 WRITELZ,13) REER X0
G0 TN 30D REGR 680
1L¢ DO 20f $=1e8S RECR 830
WRITE(%+2) PRePRYy] REGR 440
c READ SURSET SELECTINY CARC RESR 470
READ(B10) NPESEeNDEP oo CISAVE(SY 0 d214K) REGR 68D
I NRESLseons2PTICH CODE $OR TABLL OF CESICHILS . RESHR 490
[3 0 IF IT IS KOT DESIRED REGR T80
t 1 IF 17 1S CESIRED RICR 710
c NDEPesooss DEPENDINT VARJABLE REGR 720
¢t JAUPELL OF IXLEPEEDIRT YARIAGLES INCLULED RLEZR 730
] ISAVE.caas VECTOR CONTAINING THE INOEPENOENT VARIABLES REGR TAD
t Ve ) REER 750
CALL ODDEY (MoR«NDEP oK o ISAVEeRX oRY) REGR 740
LALL "IAY RS2a¥aDETeLsTR ’ o, ELGR 770
] TEST SINGULARITY OF THE MaTRIX IMVERTEQ “REER 780
TFALET) 13201200922 gtee 7ve
112 WRITE(S.18) REGR @00
¢ T2 260 2Lr8 630
112 CALL MULTR (Mol o XBALHSTD I DoRN eRY ¢ ISAVES BoSBaT e AHS) REGR 820
E 4 PRIFY YA Se STANCACD CLVIATIONSs IATEXCEPRIRATIZNS BEXRELY RIgE B3t
c A AND Yy REGRESSION COEFFICIEMTSs STAKUARO DEVIATIONS OF REGR 800
T, PrUeLesl e QrEFFLICIELTSs AND COPPUTED Vo YALUES REZA BYO
DETERZANS{2) 902 REGR 840
L] wucrel . - REER 870
WRITE(%¢3) B REGR 880
20 31 galed C s . - REGR G¢0
| LZISAVE L) REGR 990
117 WBITT(Tes ) Lol Ban (L 1aSTO0L 2l Y L2 E 2D S 2L L2 TLL) RESR 930
c PAINT INTERCEPT. WULTIPLC COARELATING COEFFICTENTo AND REGR 920
z STMLARL [RRCE OF LET1edIL - RECR 930
WRTTE(S 03D REGN 940
LiRSAvEL®™]) LLER ®2C
WIITFE08) LeXARIL)5TOMLY RECR 940
2RITEE=28) 45010 earS 22 LEliheals ) ELER FIC
[} PRINT AHALYSIS OF VARTAWCE FOR® THE REGE2ESSION . rTCR 98
WEITE (52 7) -~ - RLER S
LTANSE?) RLGR1800
WRITE{ e td r.ns;m.nucuu;um..L.Amn.nuh REGEACIL
LzN-1 N RCCR107D
SUPzAhiLELeaNSEYY RT6R10IL
WRITE(S,9) Lostm y REERYIOND
LELNOFSIY uu-:ne,-.l..y - REERIOTL
[ POINT TALLE OF RCSIDUM S RECR1240
R RECR2080
= -3 BV L & £ ¥X 3 RLERIGEL
Sy"=AnsS(1) M RCGRT100
———— o e - RLSE11D-
(e3¢ I ICPIE RESA2220
19 SumcSu=eX(rave[[Vedr 2} B REGRIL™Q
| RESIZRELINI-SuM reENIN0
4 ETTTTIS012) T1e2¢1T)esUneREST KLERLERD
240 CoNTINUL ‘ L4 RESRANEGC
%37 CoxTINGE B . RLGA1170
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MULTI-LINEAR REGRESSION
MULTEPLE REGRESSION. ... .FINAL

SELECTIONscoss O

VARIABLE MEAN STANDARD CORRELATION REGRESSION STD. ERROR COMPUTED
NO. DEVIAT ION X VS E COEFFICTENT OF REG.COEF. T VALUE
5 95.56971 121.58293 97291 17.92597 1.09982 16.29895
DEPENDENT .
1 8592,35291 2240.17862
INTERCEPT 2879.1731)
i
| ®ULTIPLE CORRELATION 97291 MULTIPLE CETERMINATION 96655
F STD. ERROR OF ESTIMATE 534,87699
|
ANALYSIS OF VARIANCE FOR THI REGRESSION
SOURCE CF VARIATION DEGREES SUM OF KEAN F VALUE
: OF FREEDO™ SOUARES SQUARES
ATYRIBUTABLE Y0 REGRESSION 1 76002971.0000" 76C02971.00000 26%5.65591
OEVIATION FROM REGRESSION 15  4291433.00709 286095.53125
T0tAL 16 802983G4,00000
TABLE OF RESIDUALS
CASE NO. E VALUE E ESTIMATE RESIDUAL .
- 1 1580.06000 3518.07080 61.92920 )
: 2 3900.00000 3570.87198 329.52802
3 3560.00000 3550.57956 ~10.57956 ) -
q 4130,00000 3570.487198 559.52802 -
5 3770.00000 35590,57956 219.82088 -
[ 3285.00000 3634,32648 ~109,32688 .
7 3000.,00000 3638,32397 ~830.32%97
8 3330.00000 3686.36871 ~156.36871
9 3075,00000 3847.57883 -372.57883
10 3265.00000 3650.59213 ~385.59213
11 3855.00000 8239,1106¢ ~384.11066
12 36065.001000 8373,82639 -728.42639
13 4260,00000 8759.668082 -389.68002
13 6315.00700 5615,50116 699.498648
15 12165.00000 12690.25827 -325.25827
16 5830.00000 5566, 99353 263.00687
17 6725.00000 5817.66970 1307.33026
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