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Pilot scale studies of high rate filtration were initiated to assess
its potential as either a primary 'roughing' filter to alleviate the
seasonal overloading of low rate filters on Jereford sewage treatment
works - caused by wastes from cidar production = or as a two stage
high rate process to provide complete sewage treatment.

Four mineral and four plastic primary filter media and two plastic
secondary filter media were studied.3 Tge hydraulic loading apvlied

to the primary plagtic media (11.2 m /m”.d) was twice that applied to
the mineral media. The plastic media removed an average around 66
percent and the mineral media around 7% percent of the BOD applied
when the 90 pegcegtile BOD concentration was 563 mg/l. At a hydraulie
loading of 4 m”/m”.d the secondary filters removed most of the ROD
from partially settled primary filter effluemts, with one secondary
effluent satisfying a 25 mg/1 BOD and 3C mz/1 SS standard. No sigzmif-
icant degree of nitrification was achieved.

Fungi dominated the biological film of the primary filters, with
invertebrate grazers havines little influence on film levels, Fonding
did not arise, and modular media supported lower film levels than
random-fill types. Secondary filter film levels were low, being
dominated by bacteria.

The biological loading applied to the filters was related to sludge
dewaterability, with the most readily conditionable sludces praduced
by filters supporting heavy film. Sludzes produced by random-fill
media could be devatered as readily as these produced by low rate
filters treating the same sewage.

Laboratory scale studies showed a relationship between log effluent

BOD and nitrification achieved by biological filters., This relation-
ship and the relationship between BOD load aprlied and removed observed
in all filter media could be used to ovtimise operating conditions
required in biological filters to achieve given effluent BOD and
ammoniacal nitrogen standards.
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1.  Tne History and Principles of Biologiczl Iiltration

1e7 tarly stages in the develovment of sevage treatment in Britain

The problem of wrste disvosal, which has be-on prevalent ever since
man adopted community life, has been co mpounded in Pritain since the

ustrial Revolution of the late eirhteent!: :nd early nineteenth

-
-
:fl.

centuries. One of the results of the rapid urbonisation of the popu-
lation at this time was that wastes bepan to accunulete in tne streets.
In 1837, Chadwick working for the IPoor Law Commission, recosnised

the health hazards involved 2nd recormmended that a unified sewerage
system be introduced (5idwick and iurray, 1370). While the water
carricge system relieved the pollution of city streets, the newly

built sewers discharged directly to watercourses, thus, coupled with

the building of many factories on the barks of rivars
discharged untreated wastes, the rivers rapidly became little more

than open sewels.

Due to public concern over the condition of waterways in industrial
. Yaval Coraissi £ oup S 265 1 4268 I
areas two Royal Conmissions were set up in 1705 and 15069 to study
Niver Follution, their inception being justified by cholera out-

preaks in London in 1866 and 1872 (Hawkes, 1965). rollowing

Vvpankland's discovery in 1868 (Stanbridge, 1976) that orzanic

matter could be oxidised if seware were allowed to percolate throurh

a surficient depth of soil, the Commission recommended that sewage
be treated on land before discharge to rivers. #ith the increasing

-

populations of towns and the resulting increased water usage, the
demands for l:nd to be used for sewa e treatment soon became exces-

sive however and new methods of sewage treatment were sought,



1.2 The development of biologilcal filtration

Several investigations were berun in sn attempt to determine methods
of treatment in which greater volumes of scwage could be oxidised on
smaller areas of land. As a result of such experiments at the Lawrence
Zesearch Station in america, 1887 - 1890, (Stanbridge, 1976) it was
found that gravel filled filters offered di§tinct ndvantages in the
treatment of sewage over similar filters filled with soil. These
results generated further interest in Britain and several filters

were built at this time =~ including those of Stoddart, Garfield, Ducat
and Latham - with various media and varying degrees of success

(Stanbridge, 1976).

Dibden began to experiment with contact beds. These were filters which
were flooded, allowed to stand for a few hours while solias adhered to
the surfaces of the media, then drained and allowed to stand for a few
hours when the accumulated solids were biologically oxidised, while at
the same time Crimp investigated further the use of aerobic percclating

filters. The Royal Comr-ission on 5ewag

<

¢ Disposal was aprointed in 1090
to resolve the question of which treatment processes should be used and
to set standards of effluent quality which should be attained by such

processes,

Q

Over the following seventeen years the Commission instigated detailed
examinations of the treatment processes available, concluding that

biological filtration was significently superilor to the contact bed
process, being able to treat about twice the volune of sewage, having
o longer operational life and being less susceptidble to clogging. The
Co-mission also set standards for effluent gquality, the standard for

suspended solids content being set at three parts per hundred thousand

and the standard for the amount of dissolved oxysen absorbed over five

-0, . !
days at 65 F of two parts per hundred thousand., These standavds are



the 20 : 30 standards of modern se age treatment practice, i.e. 2C ng/1

Biological Oxypen Demand (BOD) and 30 mi/1 Suspended Solids content

The importance of several factors moverning the efficiency of perco-
lating filters was recognised at the tive, e.g. retention period of
the liquid in a filter, flow rate, organic loading, ventiletion,
temperature and surface area and void capacity of the media, while

the biology of filters was of great interest to many naturalists.
Johnson (1914) publisnied the first detailed study of the biology of
percolating filters, although at the time the full significance of the

role of each orsinism found was not understood.

aAfter this initial period of intensive research, the next 25 vears
have been described by Stanbridge (1954) as a veriod in which most of
the country's biological filters were built and little new information

was pathered from research developments.

—



1.3  The developuent of high-rate biological fiitration

Sewage treatment in percolating filters wvas restricted to relatively

low hydraulic loading w+til tie work in fmerica of Halvorson et al.

(D

- LY - ~ = o Y
(1936), Mohlmann (19%6), Levine et al. (1935) ©nd Jenks (1937) showe
at high rates of application cculd be used to achieve good EOD

removal rates, indicatings also thet “izh rate filters could be used

primary stages to reduce the organic load to secondary or further

~

treatment stages, or as complete treatment where only partial purifi-

cation wus required,

D
n

when discherged to estuaries or the sea. The
publication of these results arousedl great interest in PBritain,

especially in the light of new lesislation (Public Health hct 1 37)

O

under which sewage works were obliged to accept trade wistes for

treatment for the first time, couvled with the onsct of the Second
1 b

vorlid War and luent production from war
time industries. ‘fhe combined results of these two factors caused

many sewage works to become overloaded, and high rate filtration was

seen as a posnible solution to the problem.

several pilot-scale investizations into ths use of high rate filters
were set up, notably at liuddersfield (Goldthorpe, 193%8) - where
Reynoldson (1941) studied the Liology of hirh rate filters, Leeds

Dewsbury (Cldroyd, 1951),

(Thompson, 1942), Bradford (Beedham, 1947),
Reading (Barracloush, 1954) and Cheltenham (Feach, 1957). Promising

results were obtained although, generally due to ponding dirficulties,
no full-scale installations were built. Tomlinson and Hall (1950) had

B

indicated the necessity of using largs media to avoid ronding, but the
problem remained and largely precluded further hish rate filtration

studies until the introduction of rrefabricated plastic media from

B . (\
America in 19503,

The first experimeuts in Britain using plastic media o troat seway;

w©



at high hydraulic loadings were carricd out by Imperial Chemical
Industries at Brixham (Chipperfield, 1954). ‘he media tested were

25 ~ 40 mm cubes of an expanded polyurethane foam which had a high

void capacity. +hen compared with a filter filled with coke of similar
size, the polyurethane filtar produced effluents of egual cuality even
thourh 1t was overated at 50% hisher hydraulic loading. Other plasiic
media were tested at Brixham, includins 'Suripac' a proprietary tre-
fabricated modular medium, and it was in view of the results obtsined
that further studies were initiated into the performance of vlastic
media. iarly pilot-sczle studies involved the use of one medium type

only (3den et al., 1506) althoush later studies compared the

of several different media (Bruce et al., 1970).



Tk Cutline of tie principles and praciice of violosical filtration

Sewage 1s composed of 99.0° water with only 0.1 polluting substances,
scme of which may be easily removed by settlement us solids while

thers will remain in sus pension or solution. Seware treatment ensures
that as much of this pollution as possible iz removed before discharce

to the receiving watercourse.

In British sewage treatment works the the works via a

sewer, from where it is screened to remove rags and lorege objects.
Inorpanic solids such as grit ars removed in slow flowing grit channels
before the scwage is passed into larse prircry sedimsntation tanks.
Here the settleabls orsanic solids are removed after an ave.age
retention period of 2 = 10 hours. The effluent from the sadinentation
tanks, known as settled seware, ig thon passed on to the secondary

treatment sta~e, in Britain this stare 1s either an activated

plant or a biclowical filter.

In viclomical filters the settled seware is aprlied to the surface of
) S M

tne filter by either reciprocating or rotatins arm distributor macha-

nisns with jets to relsuse the sewaps spaced baty
apvart. These jets may be either simple or fan types - in which a
splash plate bencath the jet causes the sewase to spread evenly over

the filter surface.

.

ns the sewape flows downwards throuch the filter towards the coliectins
elffluent channels it comes into contact with the surfaces of the mediunm
" \ W 11 be © ] th a laver T savrrobhi nq —O YY) -
he medium guic cermes coated wi +~ayer of saprobic micro-orson

ioms, and this film or sline in the vre

by

‘u

of oxygen brincs about the

oxidation of the soluble znd suspended orcanic mrtter. This is achieved

by a combination of adsorption, bioflocculation, direstion

-
.
i
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bio-oxidation and biosynthesis, producing insoluble orpanic waste



products, carbon dioxide, water and coluble, less noxious solts. As
the film accumulates it is larcelv controlled by grazing of mecro-
invertebrates, although under certain conditions of loadin;t, low temp-
erature and po- r ventilation the film wmav accumulate at a higher rate
than it is being consumed, vesulting in’ “he closgying or vondine of the
filters If the filter ponds the film ranidly becomes anzerobic, causing

effluent quality to deteriorate.

In many instances single stage filtration is used, but with varticularly
strong sewagee or where stringent discharrse consent levels are imposed,
further treatment may be necessarv. This usually consists of either

further filters or activated sludre, which can be followed by tertiary

®
—
=
e}
<
1)
bt
.

treatment such as application to erass vlots for solids :

Mlter effluent is u<uzliy settled in tanks before dischurre 1o

the receiving watercourse, 2nd hwmus sludroes proiuced are =a

the solids from the primary sedimentation tanks. The mixed sludroe so

it

produced is then dewaterad by =2ither zpplicalion to large areas o
shallow drying beds, zncerobic disestion in enclosed tanks and machanic
dewatering or mechanical dewatering alone. Many sludges are difrficul:

to dewater and require vreliminary addition of chemical conditioner: to
1 { A

facilitate rapid water removal.

.

Several methods of operation have been developed for use in biclogsical
filtration, usually to allow treatment &b iicreased nydraulic or
orpanic loadings without incresased capital costs or risk of pondinrs,

A brief synopsis of standard biolesical {iltration operaticnal methoas

1g priven belowie

3

1 Low rate filtration - hydraulic loadin: up o 3 m)/m «d, usuzlly
AL, . . . o
less than 1 m'/m .d, orsanic loadins up to 0.6 ke BOD/m™ .4,

- S iy S e .
usually less than C.% ke BOD/m™.d. Pilters normnally single pass,



approximately 2 m decp ~nd filled with mineral medis of up to

10 em grading:,

Recirculation - a given preportion of the filter effluent is
returned and mixed with settled sewage prior to application to

1

the filter. Recirculation rates (ratio of seware : recirculatad

e

effluent) can be veried as required. This results in a srestly

increased hydraulic loading to the filtér, while the sevare
strength is vropvortionately dilut:d. The tendency of ilters to
pond is reduced, primarily dus to the flushing action of hicrer
volumes of liguid, effluent quality is inmproved due to reduced
film thickness. This method wos used in nany early hish rate
filtration studies (Jenks, 19%7) and is uvoed widely in Pritain
in order to treat increased organic loads on low rate filters
without loss of effluent quality or risk of vondin,

L.

bouble filtration - two filters run in series, the first as a

vrimary 'rouching! filter and the se

¢]
&}
3
2
&)
6]
8]

'polishing' filter.,

. . ; -0 N . .
Larly experiments by Goldthorpe (1938) were based on <his principle.

Under high organic loaiings the primarv filter may tend {to mond.
[} (o8] < v <

Alternating double filtration - double filtration in which the

order of filters is changed at resular

3%

intervals. Irincivle

.

developed by Jenkins (1937) when working on the treatment of

O

strong dairy wastes. He found that by alterins the order of the

>

filters, the secondary filter effluent hzd a cleansines effect on

o

the heavy film accumulations associated with +he primary filter

This method sreatly increases the organic loading which can ba

==t

anplied to double filters without causinge ponding.

Controlled frequency dosing - the rate ut which the distributors
traverse the filter surface is reduced, the increased instanta-
neous wetting rate reduces surface film level und con rrevent

. B N - N T : s .
vonding.  Developed by Lumb and Barnes (194%2)) this is rnother



6.

method by which existing filters can operate at organic lcadines

above their design capacity.

High rate filtration - by definition a high rate filter is either

any filter hydraulically loaded in zxcess of 3 ma/mB,d and organe

N

ically loaded in excess of 0.6 kg BOD/m”«.d (Bruce and MHerkens,

1970) or any filter which is operated with the intenticn of
removing as much of the organic load applied as rapidly &s pos-
sible without regard to efflunt guality (Bruce znd Hawkes, in

press). Sxisting low rate filters carnot usually be upratsd to
operate at high rates and specially constructed filters are
required. These filters normally use either larre mincral or
prefabricated plastic media. Ilizh rate filters are usually
emnloyed as primary rourhing filters to oxidise a sreat deal of

the organic load before discharge to 2 further treatment stage

(often low rate filtration) or directly to estuaries or sowers.

Factors influencins the performance of high rate filters are

discucrsed in Chapter 2.

-



2 Hiph rate

2. Media

As the oxidation of s»wape in percolatin:: filters depends on contact
with biclogsicallv active slime which Jﬁh“vn‘ to the surface of the
medium (Tomlinson, 1942), the surface area of the medium used is of
major imvortance in deternining the purifyine conzcity of a f3iltar.

The primary criterion in choice of media i- therefore that it should
have a hirh surface ares per unit volume, or specific surface arsa (34
Duz to the hirh orranic lozdin:s eapioved in high vate filir-tion the
film l-vels often tend to become cxcessive.  Yhe sec nd factor ~overnin
media choice must thavefore be that a high vproportion of the volume

occupied by the media rust bs void space. ‘lhe dimensicns of ths void

snaces nust be such that They do not accumulated film to impeds
the passace of licuid, suspended matter or acrece of air for zerchbic

resplration, while the phveical confiruvrarion of t'e medium should

ideally cause “he liguid arrlied to the filter to hecome uniformly

distributed over th2 surfnces as it travels downwards. (Min. Tech,,

The 54 and size of void spaces vary inversely with the size of cloan
media (Schroepfer, 1651). Tre choice of madia therefore usually rep-
resents a comprorise between these two factors, derending on the derree

of treatment sourhit and the naturs of the waste to e treatsad (Hruce,

190668).  Yor examnle, Tomlinson and Hall (1950) conciuded “rot i+ wee

necessary te use lurce mineral media when treating sewac-e at rates
at Pirmingham.  Althouh the media had rsduced S0a compared to smalier

media tested, the relatively large void spraces recluded pondinz wiich

}_J
.
—~
BN
Y]
9}
-

had bren frecvent in swaller media. Alternatively Levine st al
when uring Raschip rincss in experimental nich rate filt-rs concluded

that small rings with hich S50 wnd smal) void sypaces




thar larce rinrs with lower 9S4 and Larser void sprcas, vondine heing:

larcely absent from both filters

several other factors are important in £ choice of filter medi “he

ﬁ
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chat the size ronge is compact (Fruce, 1968) and

1.

the media chou d s suflficient compresnive ctrens*h and durabilit

:f
o Ns (‘w', eyl o . —~ - . - .
to avold breakine up in use and consenuent clonzine of void spaces (Fike,

1976).  The shave characteristics -

ara =lgo of imwort nce,

remular shapes with roush surfaces

IR
ardo Lorre

void «races, while flaly media (particles

1 MOTIE 1 OF axrey Aok A S A IR T . ~ N
dimension) have hish 34 but tend to clog the voids (Schroerfer, 19354)
ant are unsuitoble. British “tandard 1428 (1971) svecifices strensth,

shape =2nd pradine characteristics of
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Hineral media of less than 5

rats filtration due to the small size of the void sraces (Fruce

Sy 1
althowrh they may be useful in seconduery or tertiary hich rate filters
wvhere the or-anic load is lower mnd ponding less likelv (“dmonsorn and

media nave hean used in full

Due to the limitationo of mineral medis with rosvect to §

capacity, 'nd t e concomittunt restriction <f the londincs which can he

[

ied without encuing ponding, syvnthetic rlastic rmedia have bean

develoved svecifically for use in hich rat: treatment of wastes.

Flagtic media have roughly double the voild capacity of conventionsnl m

media, with un to three times the 554, as well as offering consideratle

reductions in bulk density (Min. Tech., 10068 Yhey can survort ler

1)

-

without cloosine or restrictinge ventilation., ine

ra

i

quantities of

carlicst com orcially nvallable vlastic mediat were of 2 modular dosi

-1 -



ars uouzlly formed from verticnl corrurubed
plastic sheets of various seometrichl deci ve bonded torcber to form

v

I'locor &, IMocor ¥, Hurfrac. Seware 1s ables to
9 4 N :

-

trickle down over tlie corrusntions bubt loternl flow is prevented. iledis
rroduced since have included rendom=fill decirms. Host males concist of
small open ring patterns vith rodial sevta, eqg actifil (Biopac) 50 and
G0, althourh corrupated tube pztierns are alwo available eg Flocor
Flocor RC (R5), Flecor R2C (R25). Thess media allow comletely rndonm

Tlow through of ligquids.

Bruce and Merkens (1970) have shown that while 254 and void cuzpacity of

i evert considerable influence on efficiency, with media of

H
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5imilar SO0A and void capacities the physical confiruration ana surifece

5
L

texture can also contribute sismificontly to

lastic redis with corruratad surfacss sre gouerall more efficient Tnan
those with smooil, while rou-n texty ed mineral medis ars more e Ticilent

N s < . 5 o . ) I R
+han trose with smooth surfaces. Sarner (ﬁ981) found that performunce

could not bie related to 354, but could to the geomatry of
rackinges he studied.

Me phvsical charvactoristics of se voral £ilt o media are

medin over mineral medin and thelr soneral

[N

e advantares of plast
characteristics have be~n outlined by Chipperiield (1946) and liermin.:

(196+), These include:-—

1. Hish Shi:volume ratio, allowing higher hydraulic and organic load-—
inrs and creater welshts of BOD ver unit volume to be removed

J
o

7 sufficiently open structure fo avoid blockar~e by accumulated bios,

avoidin

i
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@
.

'...)
7
-+
=
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=
=
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3

and, in random-fill modia, even

restriction of veld gpaces v smaller rieces of media.

4D -



\

Lapable of withst ndins shoe ore mic ~eoand widely

fucitunting nhydraulic loads, as well as treating comminuted

Yoid spaces are lar-e enou h to aliow unrastricted wentilat

Srape characteristics are such
in a thin film over the bios.

Lightwe

retaining compre

Blolomically inort wnd cnemically stable,
Civil anoineering costs in the constructios of filters is

Less land is reguired to treat a given volume of wastes.

dumus sludges produced settls readily.

lisadvantares innerent satic media include: -

iHich cost ver wnit v-lume of media.
At hi-n hvdranlic londings continucus Zistribution over the
surface may be required, while at lower tviraulic Lo dinece
recirculation may be necensary to atiain the mrnufacturers

specifisd minimum wetting rates.
m . -\ S 3 ny 1 71‘.’(71“‘: < el mas De agive
~semperature lesses throush plastics media mayv be excessive.

sffluent auality is usually voor.

Humus sludres may be difficult to dewater, and vore sludee

produced per volwre of waste treated.

scarch work has contred on the comiarison of various vlnstic

cineral media, and the parformance of

rire

includes the stu des of Tden ot al. (1006), Zruce and Her:e

et al. (1971), ‘lutchinson (197%) an. Sanks et al. (1976)

woplied liouids flow downwards

o]

[N

high rate nlastic nmedia filfers in Sritain have boen installed!



primary roughing filters partizlly treatin: industrial wastes (laker

r

iR}

1967 (2), 1959 (2)), while relatively few such filters have been built

at runicipal seware works. !lastic media filters are in use however

at Coisley Mill, Ruckfastl- ish “hinburegh, (Anon, 1959), and Vingston
« b L b | el § b ? >

Sevmoor (Hemming, 197%), while more recently extentions to e Scayn

oo

AN

p]

1111 STW have included the installation of an Zctifil (Biopac) rou~hing

filter (inon, 1981). Ilastic media ars used more e ttensively in France,

Germany and fmerica (Pike, 1976).

they are used to treat, and it is apparent that media which exhibit
distinct advantares in tie treatment of a varticular waste meov be

ot

unsuitable in a different situation. The principle factors involved

in determining performance being the amenity to treatment of the waste

N

operating variables such as hydraulic and organic

Factors affectins performonce are outlined in the preceedinr section

this charpter.

- 1 .

5

The performance of hirh rate filter media vary, depending on the wastes

1

of



Table 2.1.1

Ref.

Summary of media characteristics.

Medium and size (mm)

Raschig rings 19,0

11 1 25.5

tt it 59,0

13 it 5700
Slag 25.0

n 63.0

" 100,0-150,.0
Rounded gravel 25.0

1" 1 63.0
Granite 25.0

" 6%.0

" 25.0-76,0
Flocor &
Flocor M

Surfpac (Crinkle Close)
Surfpac (Standard)

Cloisonyle

Actifil (Biopac) S0K
Actifil (Biopac) 908
Filterpak

¥Flocor R

Flocor RS

Flocor RZ2S

References :-

1

o

Ui

(1936)
Truesdale and =den (1963)

Levine et al.

Bruce and Merksns (1970)

Eden et al. (1966)

P
DA

Z
(mz/m/)
248 .7
171.2
114,8

74,5

196.0
108.0
ho.0

146.0
122.6

194.0
7545
98,3
85.0

125.0

187.0
82.0

220.0

124.0

85.0
120.0
320.0
240.0
140,0

% Voids

59.4

51

6%.2

7.9

38.9
L2,0
50.0

42,8
46,2

94,0
9k.0
9k.0

91.4
9348

92.0
90.0

Bulk
density

(kg/w”)
750.9
n96.5
6532,8
0

L3 .

N

o

\J

1442.,0

60.9

Medium type

Random ceramic

Random mineral

Tubular PVC

Random PVC

Dept. of the Invironment, ‘'Specific surface area of media for

bilological filters.'
Pike (1976)
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Hydraulic loading

One of the two criteria used in defining high rate filtraticn is that
the hydraulic load should be equal to or greater than 3.0 cubic metres
of waste per cubic metre of medium ver day (Bruce and Merkens, 1970).

Although this is an arbitrarily derived figure it is useful in delin=-

eating high rate filtration for comparative DUTDOSES.,

The effect of increasing hydraulic loading at constant sewape 130D con-

centration has been well documented, and it is generally agreed that

increased flow rates cause a gradual decreass in percent BOD removal

eificiency and increase in the weight of BOD removed (Goldthorpe znd

Nixon, 1942, Tomlinson and Ball, 1950, Sorrels and Zeller, 1963, Eden
L

et al., 1966, Germain, 1966, Middlebrooks and Coogan, 1969, Bruce and

Merkens, 1970, Rincke and Wolters, 1971).
¥ 9 9

ct

Fig 2.2.1 shows a generalised plot of hvdrauvlic load vs BOD vercen
g g N

removal and load rsmoved.

The gradual decrease in removal efficiency with increased hydraulic load

is due to the fact that the liquid residence time in a filter varies

inversely with hydraulic load (Germain, 1966). & certain vproportion
of the oxygen demanding constituents of any waste is raplidly oxidised
near the surface of the filter, but removal of the less readily oxidisable
T

d

herefore with increas

J
4

matter requires longexr residence times.
hydraulic lozds and lower residence times the provortion of unoxidised
wvaste in the effluent gradually increases (Bruce et al., 1970). The
relationshiv between increased hydrauvlic load and decrease in remova
efficiency is not linear due to the complex relationship between hydraulic
load and residence time, Increasedflows tend to cause a greater proror-
tion of the medin surfaces to be utilised, increasing the active surfaces
of the biological slime and thus offsetting decrecases in residence time

to a certain extent,



The BOD load removed increases asymptotically until no further increasce
in BCD weight removed can be achieved by increasing the hydraulic load.
This asymptotic or upper limiting load has been ohserved by Sorrels and
Zeller (1953), Bruce and Merkens (1970), Bryan and Moeller (1963), and
Schulze (1960), although in each instance ihe hydraulic load and BOD

load removed levels diifered at the asymptote The differences in levels
observed between these studies can be attributed to differcnces in waste
treatability, terperature, mediz and the nature of tne bioclogical film
present in each case. The authors reasoned that the asymptote wac not
caused by hydraulic loading alone, rather the biolosical film had

become 'saturated'! by the upper Jimit of the organic loacing applied,
This saturation lzvel has been reported by Schulze (1960) to he .°
kg BOD/mB,d, Sorrels and Zeller (1963) 1.1 kg BOD/mB.d and Bruce zand

3

Merkens 3 kg ROD/m”.d. 4is long as the product of BOD cencentration and

f),

hydraulic loading did not exceed these upper limits the filters perform

efficiently and were not overloaded.

Rincke and Wolters (1971) postulated that the observed saturation le

..J
m

of hydraulic load versus 30D load removed are due to the reciprocal

.

change in substrate concentration with increased hydraulic load., Thus
if either the rate of diffusion of nutrients into the bi ological film

or their adsorvtion on to the surfaces become limiting due to increased
intensity of rinsing and velocity of flow over the film surfaces, a
nydraulic load will be reached above which no further improvements in
30D load rermoved will be achieved. Fckenfelder and Iarnhart (1/5 also
pestulate that as the oxygen transfer coefficient K decreases with
increased hvdraulic load, the rate of oxygen diffusion into the fFilm

may reach saturation levels, thus limiting th: extent to which further

oxidation can occur at hich flow levels.

schulze  (1960) has shown that the ) BUD removal obtained =t a given

17 -



hydraulic loading remaiuns fairly counstunt over a wide ranpe of feed
strengths, therefore maximum efficiency is obtained at low hydraulic
loadings and high feed BCD concentrations (Bruce and Bocon, 1970, SHrner,
1951) . However, remov:l efficiency decreases at very low hydraulic
loads. This is more marked with plustic media than with mineral, :n2

is due to inefficient wetting of the media surfaces snd a corresponding
reduction of active bios avsiable for oxidation. Hanufacturers of
plastic media stipulate minimum irrigation rates - minimum recommended
flows per cross-sectional area of filter media - to ensure maximum
utilisation of available media surfaces. In certain instances it may
be necessary to smploy recirculation to attain this irrigation rate,
although experience has shown that dilution by recirculation at flows
above the minimum wetting rate does not sipgnificantly improve effluent
quality (Germain, 1966, Askew, 1969, Bruce and Boon, 1970), and may

cause a deterioration in performance (Chipparfield, 1966).

The efficiency of a filter medium dosed at or above the minimum irrigzation
rate will alco depend to some extent on the method used to distribute the
flow to the filto.r surface. The distribution method can influence sure
face filwm levels (Hawkes, 1959), and also wetting efficiency. Vheatley
and ¥illiams (1991) for example showed that while all the media they
examined exhibited distinct tendency towards channelling of liguids over
their surfaces, maximum wetting efficiency was achieved with low surface
loading rates and distributor jets fitted with splash plates. Continuous
dosing in the form of a fine spray applied to the surface of high rate
filters has been advocated by several researchers (Zdmonson and Goodrich,
1643, Hdemming, 1968, Askew, 1969) although in most instances intercittent
dosing is effective (Bruce, 1976). Danks ot al. (1976) have shown that
provided sufficient attention is civen to the use of efficient distributicn
methods, satisfactory performance can be attained at wetting rates si nif-

icantly below the manufacturers minimum irrigation rate. At very hich

- 18 -



flows the volume of liquid applied, geometry of the medium, poor surface
distribution and accumulated film can cause considerable channelliny in
the filter, causing a disproporticnate reduction in removal efficiency

(Ecienfelder and Barnhart, 1963). These factors, as well as those

already mentioned, combine to detarmine the optimum hydraulic load for

any filter medium.

The relatively hi:h costs of the medium where plastic media are used in
high rate filters places an initial prerequisite that the filter should

oxidise at least as much waste per unit cost of medium as is poscible

with mineral media to be economically justifiable.

Although the relationship between hydraulic loading and filter efficiency
can be reascnably well elucidated, nc optimum hyvdraulic load can be
specified for a particular medium for all applications, as this will
depend on the physical and chemical composition of the waste tc be trea-ed

and the degree of treatment sought.



paAowds Si peoj

aog Wwnuwixew Ysiym e

peoj dipnesphAy

¢ AVO01T OJINYHAAH

|

wnuwiidg

|
]
1
!
!

!
I
!
I
!
m
_
!
!

/

z ainoway % aos
S
[y
o
>
o
X
m
<
Q
<
m
O

a3IAOWIY avol qoa
v

T~

*UOTFIeIJUBOUOD (10§ o-emMag

FUBISUCD 38 DBAOWSI PROT (0d pUe Twaowed juooted (O@ *®a pwo[ OTTnedply JO 30(U poesIleleUss

“—

d3A0On3Yd %008

o

R

NSy



2.3 Crganic lcading

Bruce and Merkens (1970) defined hizh rate filters as those which are
operated at a hydraulic loading of equal to or sreater than 3,0 mB/mB.d,
although a second definition which des;ribos mere closely the mnde of
operation of hirh rate filters in Sritain has been proposed,. Sruce

and liawkes (in press) define a high rate filter as any filter which is
operated with the intention of removing as much of the organic load
applied as rapidly as possible, without recard to effluent guality.

The fundamental requirement of high rate filters is therefore that they
should offer the maximum work capacity in terms of weight of 20D removed
per unit volume of filter (askew, 19.9), rather than the efficiency and

extent of that removal as is the casec in low rate filtration.

The growth rate of bioclogical film in a filter is largely determined by

t~e strength of the waste (Hawkes, 1665a) . Vary high organic loadings

result in heavy film accumulation which can eventually cause the 7il

ter
to clog and the removal efficiency to fall, as Tound by Eckenfelder and
Barnhart (1963)., In filtors where the biological film is dominated by
bacteria, the heavy film levels found when organic loading is hirh -
particularly if the temverature is low = are due to the accumulation of
adsorbed solids on the film surface which are not oxidised rapidly by

the micro-organisms of the film. The accumulation of these solids, com-
bined with the high demand for oxygen by the film in oxidising a strong
waste can result in the rate at which oxygen can be transferred to the
film limiting the amount of waste which can be removed by the filter
(Ingram, 1959). This is particularly so in the early stages of purifi-
cation close to the filter surface. Wastes havin a hish carbon:nitrogen
(C:N) ratio tend to rasult in the development of a biological film which
15 dominated by fungi (Jenkins, 19%56) . As fungl can synthesise a greater

proportion of the oxidised wastes than bacteria (Water Pollution iesearch,



1955), the high accumulation of film found in ruch filters treating
high BCD concentraiion wastes are usually mainly due to the mase of
fungal mycelia and not to adsorbed solids. ‘The thickness of the film
itself in these filters is sufficicnt to impede the rate of transfer
of oxygen to the cells below the film sﬁrface Tomlineon and Snaddon,

1966) and this can limit the overall removal capacity of the filter.

Under such conditions & maximum organic load removal capacity of the

~

biological fil~ would be expected, as shown in Fig 2.2.1. If this

upper limiting organic load were reached further increases in the load
applied would not result in an increase in e load removed because tne
supply of oxygen to the micro-organisms of the film would limit oxidation
and the film would become 'saturated'. This was demonstrited by Bruce
and Merkens (1970) at an orsanic loadine of acual to or greater than

’ .4

S

,}C

3.0 ko BOD/mjod, with a maximum removal capacity of O kg BCD/m

IS

when treating domestic sewage. They concluded that the maximum welght

of BCD removed by a filter and filter efficiency would depend larzely
upon the medium 534 and the nature of the waste treated. Schulze {1960)
found no upper limit to the removal capacity of a screen rilter operated

5,3 ~ B o €5 e w3
at 5 m”/m”.d hydravlic load and “rganic load of up to 6.5 kg BOD/m .d,
but an upper 1limit was reached when ths organic l-adine was further
increased by raising the hydraulic load rather than the BOD concentration
of the waste., CGermain (1966) found no upper limit to the removal cap-

t 8.0 kg BOD/m”.d.

(o

acity of a Jilter operated

Several workers (Schulze, 1650, Germain, 1966, Middlebrocks and Ccogan,
1969) have demonstrated a linear relationship between D0D arplied and

BOD load removed in filters in which no maximum organic loading capacity

o

1

was reached. this shows that, ~ithin the loading c:pacity of a filter,
the removal efficiency in percentage terms remains fairly constant over

a wide range of feed strengths. Schulzme (1900) and Bruce and Boon (1970)

-2 -



concluded that the real efficiency of high rate filters operated at a
given hydraulic load therefore increases vith feed strength, with the
maximum weight of BOD removed occurring at low hydraulic loading and
high BOD concentration wastes. Lower removal capacity results when the

residence time

o8

hydraulic load is increased and consequently the liqui

in the filter is decrcased (as discussed in Section 242) .

The effects of shock organic loadings have been reported by Middlebrooks
and Coogan (1969) to be more pronounced and variable than shock hydraulic
loadings when treating strong paper mill wastes, while iskew (71969)
reports no more than a 10% fall in efficiency under such conditions.

Tn industrial waste-water treatment shock organic loadings could nave

o more marked effect than shock hydraulic lozdings. This 1s because

the waete character and treatability is mor: likely to e changed by
Llie sudden increase in the input level of a particular constituent of
the waste than by a sudden increase in the volume of all of the waste

constituents. Chipperfield (1966) reported an increase in sludge pro-

duction rate with increased sewage strength.

o

The relationship between increased BOD load (induced by increasing BOL

strength at constant hydraulic loading) and BOD load rem ved is there-

fore generally found to be linear, until a maximum weight of 2CD renoved
% : . . . . . o

per m~ of filter 1s reached., The maximum removal capacity of filter

media will vary, belng influenced mainly by the treatability of the

waste and the nature of the mediw: itself.
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2.4 LTemperature

The influence of seasonal changes in temperature on biological filter
performance is complex, and can be divided into direct znd indirect
effects. Temperature directly affects filter performance in that the
organisms which are active in aerobic filters are usually mesovhilic,
havinz optima between 20 and 40°C depending on the species, and the rate
at which the waste apvlied is biologically oxidised is therefore greater
at high than at Tow temperaturec. Temperature indirectly influences
filter performance threugh its affect on the ecology of the biclogical
film. Macro-invertebrate grazing is severely restricted at temperature
of less than SOC, and this, coupled with an accumulation of solids

which have been adsorbed on to the film

n

urface but not yet oxidised
because of a reduction in the oxidation rate of the micro-organisms, can
lead to an increase in film to a level which may adversely affec. per=-

formence (Shephard and Hawkes, 1975).

The direct and indirect influences of temperature on filter efficiency
were observed by Shephard and Hawkes (1975) when studying experimental
filters operated in the absence of grazing macro-invertebrates. On
lowering the tormperature from 20 to 5°C there was an initial fzil in
efficiency which was at least partly due to the direct in7luence of

low temperature on microbial reaction rates. A subsequent decrease in
efficiency was attributed to the fact that film levels increased at the
lower temperature. The loss of efficiency at lower temperatures was
more marked in filters having high levels of film, a fact which supported
earlier work (lHawkes, 1961) which showed that of two identical Iilters,
one operated at reduced dosing frequency and having low film levels, and
the other operated at high dosing freguency and havins hich film levels,
the adverse affect of low winter temperatures on efficiency was more

pronounced in the filter with hich filw levels.



There 1s evidence to suggest that the method of filter operation may be
an important factor in determining the influence of temperature on

filter performance. In America, Schroepfor et al. (1957) found that the
effect of low temperatures during winter months was less marked in
filters treating high loads than in ligﬁtly loaded filters. The dif-
ference wos particularly pronounced between filters treating high
volumetric loads with continuous dosins and those treating low volumes

of sewage with intermittent dosing. Bruce et al. (1970) reported

results of experiments in which the effect of temperature on the perform-
ance of filters treating domestic sewage at 6 mz/mB.d with intermittent
dosing wes very marked. Further examination of data presented in the

same paper, when the filters were operated with continuous dosinz of

&

1,

% 7
diluted domestic sewage at 12 m”/m”.d, shows that the effect of tempera-
L] 1%
ture was less pronounced at the hiher hydranlic loadings. In these
Py O
studies the dosing method used was not coasidered to directly affect
filter performance, although there may have been an indirect affect in
£ ¥ e}
that the influence of temperature on filter efficisncy appears to have
been preater with intermittent dosing. DBruce and Boon (1970) reported,

in direct contradiction to the findin:s of Schroepfer et al. (1952),

that the effect of temperature increased with increased loadin:.

Low temperatures cause the dominance of fungi in biological film of
filters operated under hign organic loading conditions. In such
filters the funpl may rapidly grow and clog the filter, leading initially
to a loss of efficiency and eventually tec .he break down of the purifi-
cation process. Although low winter tem eratures in such filters are
an important factor in determining the nature of the bioclogical film
which initially develops, the rate at whici the film accumulates was
Str-a.r\sh\\

found by Hawkes (196%a) to be more closely relatad to sewagelthan to

temperature.



During the summer months the film levels in biological filters are
usually low despite incr2ased microbial srowth rates at higher tempera-
tures. This may be due to several factors, including the increacsed

rate of oxidation of adsorbed solids, an increase in the rate of respir-
ation leading to less cell synthesisg\increased rate of lysis of fungal
mycelia and increased grazing activity by macro-invertebrates (iHawkes,
1965, 19652). These factors are influenced either directly or indirectly
by temperature and their consequence 1s usually that the BCD removal
efficiency of the filter increases during the summer months, as found

by Schroepfer et al. (1952), Bruce et al. (1970), and others.

In practice sewage temperature does not influence filter performance as
much as expected from consid:ration of tvasic principles such as the
effect of temperature on biological reaction rates. This is because
other factors tznd to limit the oxidation process, particulurly the rate
at which nutrients can be transferred from the liquid to the film in low

rate filters, and the rate at which oxygen can be transferred from ti

o

liguid to the film in high rate filters. The degree of influence which

o0q

is exerted by temperature on filter performance depends on several other
factors, including the level of film rresent, the dosing me:hod =nd load-
ing conditions used and also the desisn and construction of the filter
itself. The effect of changes in tenmperature on BOD removal efficiency
is m-st pronounced when the temperature of the sewage falls below about
10°¢ (Hawkes, Fersonal communication), regardless of filter operating
conditions. ‘the different conclusions drawn in the literature with
respect to the effect of temperature on performance may be partly due

to the difficulty inherent in disscciating the direct from the indirect
influences of temperature, and partly due to the fact that the desi,n
and construction of some filters m kes them more exposed and vulnerable

to the effects of low ambient temprratures.

S Ly 2



2.5 The ecolosy and biology of high rate filters

The org:nisms which inhabit biological filters may be split into those
which form the film itself, and those which function as grazers of the
film (Hawkes, 1965), Only a limited number of sveclies can tolerate the
specialised habitat presented by the filters, and these include truly
aquatic micro-organisms and some moisture loving macro-invertebrates.
The most commonly occurring species are listed by Hawkes (1965). The
gpecies composition of high rate filters is derived from that of low
rate filters, althourh different species may dominate and species
diversity is usually severely restricted. Reynoldson (1941) observed
that in low rate filters at Huddersfield the macro-fauna consisted of
ten species, while the faouna of a high rate filter treatins the same
waste was restricted to only two species, thz number of individuals of
each species also being greatly reduced in “he hich rate filter. This
decrease in numbers was also observed by Usinger and Keller (1955) 4in
experimental filters, where increased loading resulted in a marked

reduction in the Psychoda population size.

Althoush a great deal of attention has been «iven to the study of the

biology of low rate filters (Johnson, 1914, Tomlinson 19329, Llovd, 1945
) ] 7 Y ] J 9 1

o]

Hawkes, 1903, 1965, Curds and Hawkes, 1975}, comparatively li*tle work

has been carried out on the biology of high rate filters. Qualitative
observations of biological film levels and dominant organisms present

have been reported (Bruce et al., 1970), but quantitative studies are

rare (Reynoldson, 1939, Rowlands, 1979).

The micro~orzanisms which successfully colonise biological riltasrs
include representatives of the bacteria, fungi, algae, Nematoda,
Rotifern and protozoa. ne meso-fauna includes enchytraeid worms,
Collembola cnd mites, while the macro-fauna includes Lumbricidae and

the larvae of Diptora (Hawkes, 1906%). The role and interrelationships

- 28 .



of the major representatives of the film micro-orcanisms and the jrazing
meso- and macro-fauna are briefly summarised below. Althovgh very little
work has been carried ocut on the biology of hizh rate filters, the
organisms which commonly inhzbit such filters are known, and this sum-
mary is based on literature concerning the biolozy of these orranisms

in low rate filters.

2eHal Racteria

Bacteria form the basic trophic level and the major part of %he biomass
in biological filters. The dominant species are saprophytic, being

responsible fer the egredation of organic compounds in the wastes (Pike,

\

e bacteria in filters are acrobic. Tike (1973)

most activ

o,

1975), an

R

lists the aerobic bacteria species recorded in percolating Tilt=rs, with

the deminant genera appearing to be the ZGram-negative rods Zocrloesa,

Pscudomonas, dchromobacter; Alcaligeres ond Flavobacterium. ifilamentous

5

bacteria such as Sphaerctilus natans and Begriatoa may also occur

(liwkes,1965), and Bruce et al (1970) reported the bacterial pooulatiocn

of experimental hish rate filters treating domestic sewage to consist

mm

of zoogloeal and free-swimming bacteria and Sphasrotilus. The

chemolithotrophic nitrifyinc bacteria Nitrosomonas and MHitrobacter often

contribute significantly to the microbial rcopulation of filters, but

¥

hipgh rate primary filters are not intended for use 2s nitrifvins filters
and the nitrifying bacteria do not contribute greatly to the bacterial

activity of these filters.

The nature of the bacterial flora which develops in filters is largely
determined by the nature ol the waste (Hawkes, 1963), and as the bac-
terial population is largely sessile, microhial successions are induced
throu~h the depth of the filter in response to the conditions induced

by the prosressively purified waste (Pike, 197%). This microbial

succession may be less pronounced in high rate roughine filt.rs, as the

- P9 .



loading is such that filter conditions may not improve greatly with

depth.

The erficiency of filters in removin,: the coliform bacteria has attracted
more attention than the study of the saprobic microbial population
(Hawkes, 1965)., Pike (1975) reported the faecal indicator bacteria to

be universally present, but not indigenous, in biological filiars. Low
rate filters are capable of removing & very hirsh proportion of the

inflowing coli-serogenic bacteria, but are ine:fectual in removins

virus particles (Pike, 1975), while the erifectiveness of hi -

filters wus found by Bruce et al. (1970) to be at most S50% reduction

of coli-aerogenic bacteria. As most high rate lilters ars used to
either precede some secondary treatment facility, or prior to discharge
to sea where dilution factors are hiesh, this loss of coliform removal

efficiency is not usually of importance.

2.5.2 Fungi

Fost of the fungi which occur in biological filters are in direct comp-
etition with the heterctrophic bacteria as primary feeders on the organic
waste in the sewage (Hawkes, 1963). In filters where fungi become
dominant, luxuriant growtks of mycelia may cause nuisance and loss of
efficiency by imveding the flow of seware throush the filter and event—
ua!ly by preventing adequate ventilation within the filter. This con

oo g mriciec . tior ss «nd to o Rl
lead to tie break-idown of the acrobic ruriricition process and to vonding,

'herefore, althow h suprophytic funpl have veen shown to be as capable

N
S

as bacteria in oxidising organic wastes (Water lollution Research, 10%
they are generally considered as undesirable as dominant members of the
g . " [SF R - e

. RN s NE My farel have | s
film (omlinson and Williams, 1975). Saprophytic fungl have been shown

creater biomass for welrht of nutrient utilised than certain

<

to synthesise
of the bacteria imnortant in purification (Water Pollution Research, 195%)

'

: : Filter con therefore result n randd ©< 7w
and their dominance in the filter cen therefore result in rapid film

- 30 -



accumulation under fuvourable conditions.

1 . P . . o - -~ .
The bacterial-f: meal competition is theretore an lmportant factor in
the operation of blolozical filters, =nd the outcome of this coripatition

is itself devendent on several operational factors. Tow temperatures

favour some funpal species, er Sev edonium sp. as they have lower tewmp-

o m e | aemen . +

erature optimz than most other orponisms Tound in T3 Lters (Tomlinson

[N

and Williams, 1975).

temperatures cause an increased rate of
mycelial lysis (‘‘omlinson, 19423, Havkes, 1965a), as do starvation con-

ditions (i

wkes, 1965a). Strong sewage, sewace having a hish pro
of industrial efijuent und seware havin: a hizh carbon:nitrogen (C/N)
ratio favour a funpal film {lawkes, 1965a). lawkes (1965a) found thot
altroush both louv temporatures and stron;: sevare were important factors

in determining wh

her fungi became dominant, the growth r=te of

Jepedonium sp. in pure culture was more ciosely related to seware

strength than to temperature. ungi may deminate the surface lavarzs of -
filters, where sewape strength is hirh, while bocteria may gradualiv

become dominant within the depths of the filters as the waste 18 Tro-

rressively vurified \Jum&ss, 196%). Fungi often dominate auring v
winter months, while bacteria may dominste in the swmer, nurticularly

1f the sswage 1s weoker durins Lhe surmer months,.

As both bacterial lysis of funpal mycelia and invertebrate srazing

ot
Ly
[6]

activity are more severely restricted by low temperatures than are
rrowth rates of some fungi (Tomlinson and Williams, 1975), the film mav
accumulate without any external biological control during the winrer,

As temperatures rise during spring -~ an occurrence freguently coinciding

with a reduction in sewage strength - the microbial lysis of mvcelia

O

increases, leading to an initial reduction in film ‘evels due o *he

S t sloucshing of the film (Hawkes, 1905a). 'The invertebr-te
bsequent gloug & ’
crazin: populntion can wmultiply once conditions in the filter have

improved following the initicl reduction in film levels, :nd throu



its activity can contribute to the control of film levels through the

summer (Hawkes, 1965),

The control of fungal film accumulation through the biological activity
of the microbial and invertebrate grazing populations of the filter is
therefore possible during the warm summe} months. During the winter
however the inherent biclogical control mechanisms frequently break
down. 4 great deal of research work has therefore been directed towards
developing operational techniques for use in the control of film accum-
ulation, largely to enable nigh organic loadines to be treated on con-
ventional filters without risk of ponding in the winter months (Hawkes,
1965) . Alternating double filtration (ADF'), recirculation and low
periodicity dosing are all r=asonably successful in controlling film

levels in such filters, all of these techniques exerting a degree of

<

nutritional control on the film (Hawkes, 1961). 1In high rate filters

3
¢

however there has been little research on film control neasures, the
large void spaces of media used in such filters often providing suffi-
cient capacity to accomodate the heavy film accumulations expected when
treating high organic loadings, thus avoiding ponding and loss of

efficiency.

2eDe? Protozoa

Threc main groups of protozoa have been recorded in bilological filters
-~ ciliates, flagellates and amoebae. The ciliated protozoa are usually
the most abundant group, and most of these feed on bacteria suspended
in the liguid waste, although some are carnivorcus, Ifeedinc on other

ciliates (Min. Tech., 1968). Curds (1975) gives a comprehensive list

of the protozoan species recorded in biological filters.

The role of protozoa in biological filters is considered to be of

.
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N
0
Ch
0
p—a

secondary importance to the operation of the plant. Curds et 21



reported experiments in which the introduction of ciliated protozoa to
experimental activated sludge plants previously operated in the absence

of protozoa resulted in an improvement in efiluent quality. Effluent
turbidity also decreased - due mainly to a larze reduction in the numbers
of suspended bacteria. The protozoa are therefore important in clarifying
the effluents of activated sludge plants, and their role in biological
filters may be the sarme. The removal of suspended bacteria by ciliated

protozoa is mainly through prredation (Curds, 1975).

Different protozoa have been reported as predominating at certain levels
in biological filters operated at conventional rates. The species most
tolerant of polysaprobic conditions being prevalent in the surface
layers where the sewage is strongest, eg amoebae and flagellates. In
some filters the middle regicns of filters are colonised by a more
varied fauna, mainly comprising of ciliates, while the rotozoa at the
base may be restricted to peritrichous ciliates (Hawkes, 1965). Barker
(1946) has shown that the zonation within filters is modified by sewages
of different strengths. With weak sewage the surface population is
larger and more diverse, while the basal poprulation is meore restricted.
With strong sewage the fauna of the surface and middle layers is
severely restricted, while the basal fauna is diverse and numerous.
Several workers (reviewed by Curds, 1975) have attempted to explain the
vertical distribution of protozoa in filters by the association of each

species with different levels of saprobity found in the habitat,

In high rate filters the zonation of protozca may not be as pronounced
as reported in low rate filters. This may be due to the greater turb-
ulence induced by the larger volume of sewage passing throurh the filter,
combined with the fact that high rate filters are normally used to
partially treat strong wastes :nd great differences in saprobity may

not exist between the surface and basal layers, especilally in cases

where the effluent BOD is high.



2.5.4  CGrazing fauna

Y

Micro-organisms which actively graze on the ©ilm include Tardigrada,
Rotifera and Nematoda. Inchytraeid worms are common meso-fauna, as

are Collembola and mites, while the macro-fauns are represented by

Lumbricidae and Dipteran larvae (Hawkes, 1965).

NHematode worms are probably the most irmportant grazing micro-organisms.

Schiemer (1975) lists nematode species found in biolorical filters.

)

Mest of the species inhabiting filters are bacteria
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cders, while some
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feed on other nematodes and rotifers. nchytraeid worms are found in
most biological filters (Hawkes, 1965), although Bruce and lerkens (1670
reported that they were absent from hich rate filters treating domestic
sewage at Stevenage. Other high rate filters, treating municivel sewarce
at Northampton, suprorted healthy populations of enchytraeids. Liter-

ature demonstrating the ability of annelid worms to control *+he Biclegic

film levels by grazing in experimental filters is reviewed by Solbe (1575)

Collembola and mites are not normally major representatives of nizh rate

filter fauna, nor are lumbricid worms. Some of the earthworms have bat

[
@
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reported to prefer small grade media, possibly due to their strong
thigmotactic response, and they are therefore unlikely to become cst-
ablished on high rate filter wedia., “he flushing action of sewage 1in

high rate filters wmay also be too great for the larger worms to with-

stand (Solbe, 1375).

The larvee of Diptera are the most abundant representatives of ths hie
rate filter grazing macro-fauna, with Psychoda frequently dominating to
the virtual exclusion of all other fly larvae. “The biology and seasonal
incidence of flies in low rate filters has been studied b Lloyd (1937,
1945), While in low rate filters the emerpence of filter flies has
caused considerable nuisance in the vicinity of some seware works in

the past (Uawkes, 196%), Bruce and Merkens (1970) reported that no

- 34



adult Psychoda were seen to leave the surface oir hich rate filters

, - 3,3 . o . .
operated at © m”/m”.d, althou:h their larvae were vlentiful in the
filters. Learner (1975) attributes this to the method of operation of
hiph rate filters, with the hish volumes of seware avplied to the filter
preventins the adults from gaining ready access to the filter surface

Psychoda svp. can mate within the confines of the filter under such

conditions.

Diptera which are most commonly found in biological filters, together

with Psychoda spp., include Hydrobaenus minimus and Metriocnemus

hygropetricus (Chironomidae) and Sylvicola fenestralis. The freguent

dominance of high rate filter film by Psychoda spp. can be attributed
to biological factors. The chironomid larvae are not normally found

in filters having thick biological film, possibly because these larvae
have a closed tracheal system and can only obtain oxygen by diffusicn

throurh the body surface. Both Isychoda and Sylvicola larvac have

respiratory siphons, cnabling them to draw oxysen from the air while
feeding from thick film (Learner, 1975). Tomlinson and Hall (1950)
showed that increasing the hydraulic load to a level above 1.& m)/m),d

resulted in a decline in the S. fenestralis population, wh 119 Bruce and

Merkens (1970) reported that Psychoda sp. larvae were plentiful in

filters operated at 5 m /m .d hydraulic load. Hawkes (1965) considered

that strong sewage restricted the flies present in filters to P. alternata

and Spathiophora hydromyzina, while 5. fenestralis was found to bte the

dominant species in some filters treating industrial sewares.

1

The extent Lo which the srazing fauna is carable of controlling the level
of film in filters has been the subject of considerable debate (Hawkes,
1965) . In filters overated under conventional conditions, the rrazing
fauna have been shown to ba very important in vreventing the ilters
from ponding (n(ynOWd son, 19759, Hawkes, 19653 Williams and Tavlor, 1008)

Y

particularly if the film is dominated by bactoria. Under henvy louding



conditions however, nnd where the film iz dominated by fungi, the
grazers cannot control film levels when temperatures are low. In such
filters, durinz the winter months, it is possible that the levels of

e
1

ilm accurmulation controls the incidence and abundance of the grazing
population, rather than vice versa (Hawkes, 1965). Bruce and Merkens
(1970) concluded that the zctivity of the insect grazers was not impor-

tant in affecting the degree of treatment obt~ined in high rate filters

having low levels of film.

Williams and Taylor (1963) report a further contribution made by the
invertebrate grazing fauna to the satisfactory operation of biological
filters. In experimental filters they found that the solids in efiluents
from filters containing Psychoda larvae as the sole macro-invertebrate,

or Psychoda and Lumbricillus, settled more rapidly than solids in effluent

from filters without macro-invertebrates. This was attributed to the
greater density of animal fragments and faecal material in the effluent

s0l1ds.



2.6 Humus sludge production and charactesristics

Humus sludge consists principally of solids formed within the filter by
biological synthesis, topether with flocculated and partially oxidised
suspended solids from the incoming waste. The rate at which humus sludge
is discharged by the filter is usually expresced in terms of the welipht
of solids produced per weight of BOD removed - either g/g BOD removed

or kg/kg removed, and this rate has been found to be higher in most

high rate than low rate filters (Goldthorpe and Nixon, 1942, Bruce et al.,
1975). The average sludge production rate of low rate filters treating
domestic sewage at Stevenage was reported by Bruce and Boen (1970) to

be 0.22 g/g BOD removed, whilst high rate filters trsating the same

waste produced between 0.6% and 1.0 g/g BOD removed. The rate at which
sludge is produced also depends on the nature of the waste being treated
(Bruce ard Boon, 1970). Seasonal variations in sludge production rate
are more marked in low rate filters, due to the spring offloading of

film - a phenomenon not generally observed in high rate filters.

As the humus sludge is principally of biological origin, changes in the

biology of the filter could be expected to exert some influence on the
character of the sludge produced. Williums and Taylor (1958) showed
that the effluent solids produced by experimental filters settled more
readily if invertebrates were present in the filters than if they were
absent. The biology of the filter has also been reported to affect the
volume of sludge produced, with sludge iproduction rates being higher if
the film is dominated by fungi than if the film is largely bacterial

(Water Pollution Research, 1955) . This conclusion was contradicted by

the work of Hawkes (1965a) who found that Sylvicola fenestralis larvae

produced less humus when feeding on biological film which consisted
mainly of fungal mycelium than when feeding on activated sludse which

consisted mainly of flocculated bacteria. This difference in sludge



production rate was attributed to the fact that fungal autolysis tends
to produce a soluble discharge and hence film dominated by fungi pro-

duces less humus sludge.

Dewatering the humus sludge vroduced is frequently the most capital
intensive process in sewage treatment by biological filtration, and is
enployed to reduce the sludge to & solid cake which can be readily
nandled and disposed of. In the past the mos% common method used was
to dry the sludge on open sand beds fitted with under-drains., There 1is
an increasing trend in Britain towards the use of mechanical dewatering
however, particularly in urban areas vhere land is expensive and where
drying beds cannot be used without prior anaerobic digestion of the

sludge to prevent odour nuisance (Gale, 1G68).

The main types of mechanical dewatering equipment used in Britain are
filter presses, rotary vacuum filters and rotary sludge concentrators,
while centrifugation is also used both in the USA and on the continent
(Gale, 1968). 7For satisfactory operation of mechanical cdewatering
plant the specific resistance to filtration (r) of the sludge must be

12 o N PR ’Q ) -
around 1.0 x 10 7 m/kg (Gale and Baskerville, 1970). As the T of
. - " * 2 r /\12
undigested mixed primary sludge is frequently between 100 and 200 x 10
m/kg (Gale, 1971), conditioning of the sludge to reduce r is required
before mechanical dewatering can be effectively used. In Rritain the
most commonly used conditioning method is chemical flocculation, althoug
heat treatment, slow freezing and thawing and anaerobic digestion can

also be effective conditioning techniques (Gale, 1971).

The chemicals used in conditioning sewage sludgzes arc either inorganic
salts, such as lime, ferrous sulphate, aluminium chloride or aluminium
chlorohydrate, or more recently synthetic organic polyelectrolytes (Gale,
1977). The mode of action of these chemicals -~ which act as flocculants

of dispersed parlicles of sludge held in suspetsion, thus allowin: more

- X8



rapid and comvlete settlement snd mechanical dewatering - is outlined
by Gale and Baskerville (1970) and in the case of pelyelectrolytes by
Thomas (1966). Gale and Baskerville (1970) concluded that it was not
possible to give a generalised ranking of chemicals in order of their
merit in conditioning sludges of different origins, and that exverimental

work was needed to find the best product and dose for each sludre,

Although several different conditioners rmay effectively flocculate a
sludge, the flocs formed by the act of conditioning can vary in mech-
anical strength. Weak flocs ctan break down under mechanical shear

forces exerted on the sludge during stirring and pumping, thus losing

the conditioning effect of the chemical., Conditioned sludge floc

strength has been shown to be affected by hoth the type and dose of
chemical used in conditioning (Min. Tech.,1967, Gale et al., 1967).

Gale and Baskerville (1970) reported that of the sludges they tested,
those conditioned with aluminium chlorohydrate were in many cases more
resistant tc shear than those treated with polyelectrolytes. is increased
susceptibility of flocs to disruption by shear forces incre=ases the amount
of coagulant required to achieve satisfactory dewatering characteristics,
the effect that each conditioner has on the mechanical strength of the
resulting flocs is an economically important facter in the choice of
chemical conditioner. The choice of conditioner is therefore dependent

on both the cost and effectiveness of the chemical and dose chosen and

on the aflect of that chemical dose on flecc strength.

Sever:il authors have concluded that high rate filter humus sludges are
more difficult to dewater than low rate filter sludges (Bruce and Merkens,
197%; Bruce et al., 1975, Banks et al., 1976, White et al., 1977). white
et al. (1977) also found that high rate filters - treating domestic

sewapge - produced sludges which were very unstable, settled poorly and

. _ - . Ty s > - Nt 3 +
staled guickly. Other workers however have concluded that high rate

<

: ; . £ 11 ater thar at ludres
filter sludges are no more difficult to dewater than low rate sludres
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(Eden et al., 1906, Hemmingz, 1968, Askew, 1969, Joslin et al., 1971),
while Chipperfield (1966) and Askew (1969) reported that hiprh rate

filter sludges settled more readily then low rate sludges. The differences
observed in the dewaterability of high rate sludges may in part be due

to difrferences in the wastes being treated, although further study of

this problem is reguired.

- L0 -



2e7 Nitrification in biclogical filters

2877 Tntroduction

The presence of ammoniacal nitrogen in sewapge effluents discharped to
a watercourse, where either the dilution factor is low or water is to
be abstracted downstream, can cause severe problems with regard to btoth
the biclogy of the watercourse and the cost of trestment of the water
for potable use. Ammonia is toxic to fish in its dissociated form, and
the degree of dissociation is very sensitive to the pH of the water
with dissociation increasing at high pH. Toxicity also increases if

the oxygen content of the water is low (Merkems and Downing, 1957).

In addition ammonia can cause considerable dsoxygenation due to its
subsequent oxidation in the water (Pike, Personal communication).

Duddles et al. (1974) reported that 75% of the total oxygen depletion
within a 16 lm downstresam stretch of the Grand River at Lansing, Ui,

wns caused by nitrogenous oxygen demand. Ammonia alsc forms cnloramines,
increasing the chlorine demand in treating water abstracted for potable

use.

The presence of ammoniacal nitrogzen is therefore of considerable ecologi-
cal and economical importance. Consequently many Water Authorities now
impose ammoniacal nitrogen discharge standards in addition to the irad-
itional 20 mg/l BOD wund %0 mg/l 3S standards. These standards are
usually of the order of 5 mg/l NHB-N in summer months (May = Cctober)

and 10 m/1 NH_~N in winter months (November - April), although in some
- e 2

. . C . (T~ +
instances a single standard is imposed thioughout the year (Bruce et al.,
1975) .

D e ' C ke 14 atur itrificati including the L ron-~
i brief survey of the literature on nitrification, inc ing the envivon

mental factors known to affect the process in sewage treatment plant and
il v [

the chemistry and hiologzy involved, follows.



Ca?al The biology and chemistry of nitrification

1,

Tvwo chemolithotropic viscteria are responsible for nitrification in
sevage treatment plants (Painter, 1970), these bacteria being oi the

same species as found to be resvonsible for nitrification in scils

(Barritt, 19%%). The oxidation of NHL' to NG, is carried out by
T el
Mitrosomonas, and the subsequent oxidation of HOP to NOB by Hitrobacter.

The enerpgy produced by these reactions is then utiliced by the bacteria
to reduce CO? to carbonydrates and other carbon compounds used in cell

syntheesis. Oxygen is reguired for the oxidation of both
ions znd the bacteria are therefore asrobic, although they can survive

long periods of anaerobicity during which time growth ceases (Fainter
i % £ T 1

1970) .

Ine basic reactions of nitrification are {(Downing et al., 1964)

oppr T : Ny ot . S
SNy~ + 20, Nitrosomonas MDD+ 21,0 0+ 20,

a [=8 (&8 [l
2N0.,” 4+ 0, Nitrobacter 2NOy

Froduction of hydroxlamine is known to be «n intermediate step in the

oxidation of ¥H, W to NOﬁm, and it is believed that there may be another
T & 2

intermediate oxidation product in this reaction although it has yet to

e 1dentifie No intermediates in th: oxidation of nitrite to nitrate
e 1dentified, o)

=

are krnown to exist (Fainter, 1977).

: oo+
The complete oxidation of 1 mg NH,

ion to NO. idon has be=sn calculatad
>

7Y ang L & me =7 e
to consume between 4.5 (Sharma and Ahlert, 1977) and 4.6 mg O. (Bliss

2
and Barnes, 19%1), and as the nitrifiers can only grow by utilising
oxidative reactions their oxygen consumnption rates are hipgh. Most
research into the dissolved oxygen (DO) reguirements for complets
nitrification has been carried out with either activated sludee or

. - - . A N anr wa+h Y v MR S RN
culture techniques. Knowles et al. (1965), working with mixed nitrifying

R . CEs b . ikl bi at DO ontratione of
cultures, found that nitrification was inhibited at DO concentrations of



less than 0.6 mr/1, while Downing et al. (1902), workins with activated
sludge found no nitrification below a critical DO of between 0.9 and
0.7 mg 02/15 Downing et al. (1962) and Wild et al. (1971) concluded
that there was no inhibiticn above a DO concentration of mﬁ/l
although Wuhrmann (1963, reported in Painter, 1970) reported that
nitrification in activsted sludge plants procoeded to a lescer derree
at a DO concentration of 1 mg/1 than at corresponding concentrations

of & and 7 ng 02/1, For complete nitrification a reguirement for
dissolved oxymen in mixed liquor at a pgreater concentration than 1 ms/1
1s generally accepted as necessary, while many activated sludge plants

are operated at 2 mg 0./1,
(a8

The carbon source used by nitrifiers for cell sythesis can he either

gaseous ( 2, carbonates or bicarbonstes in solution, or vpessibly the

by~products of hetsrotrophic bacterial resviration (Barritt, 19%3%),

These sources are all readily available in sewage treatment plants and
are not considered likely to become limiting. Nitrifying bacteria have
been grown on glucose in the absence of their specific enerzy csources
2ithner NH4+ or Noe", when dialysis was used to remove toxic substances
(Pan and Umbreit, 1972), although orranic compounds cannot replace 002
as the carbon source for Nitrobacter (Delwiche and Finstein, 1965).
While the growth of ﬁiﬁr obacter can be stimulated by the addition of

compounds such as acetate (Delwiche and Finstein, 1965), there is little

evidence of a basic requirement for organic carbon (Painter, 1970),

Growth rates of nitrifying bacteria are very low in comrariscn to those
of the heterotrophic bacteria in sewage. The generation time of

gen-

[

. Q -
Nitrosomonas is estimated to lie between & and 36 hours, while the

eration time of Nitrobacter lies between 12 and 59 hours (Sharma and

Ahlert, 1977). Generation time varies devending on several environmental

temperature, oxygen supvly, pH etc. As a result of

~

foctors, includioeg
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these slow growth rates nitrification in sewape treatment procesces
usually develops slowly, and in newly commissioned filters there may

be a considerable time lag before significant nitrification is achieved.

2743 rnvironmental factors affecting nitrification in biological

filter§

.

Biological filters overated at low loading rates, with no inhibitory
substances present in the sewage, usually vroduce well nitrified effluents
under favourable temperature conditions. Increasing the loading rates
leads to more erratic nitrification performence nowever, =nd quantifi-
cation of the factors which ars responsible for this loss of efficiency

is difficult,.

The effects of increasing the organic loading in filters whers nitrifi-
cation wis wrevicusly taking place have not been fully guantified in
the past, slthough Grantham (1951) and Sorrels and Zeller (1956) showed
that the degree of nitrification achieved gzenerally decreased with
increased organic loadinz. It was once theught that the presence of
organic matter in the waste was directly inhibitory to the nitrifring
bacteria, although several vorkers have since demonstrated that both
nitrification and carbonaceous oxidation can taxe place simultaneously

~

in filters (Jenkins, 1931, Heukelekian, 1947, Tomlinson and Snadden,
1966) . Organic matter is not now generally believed to be inhibitory
(Fainter, 1977). Nitrifying bacteria are unable however to commpete
successfully with heterotrophs if substantial quantities of orpanic
matter are present in the waste. Wild et al. (1971) recommended a feed
BOD of 40 - 50 mg/1 for nitrifying stages. “The oxidation of stronser
wistes by heterotrovhs could result in oxygen concentrations in the film
which are below the level reguired by nitrifying bacteria (Barritt, 1933,

Heukelekian, 1947, Tomlinson and Snaddon, 19G0), while if the sewape i

L



strong, with = high carbon:nitrogen ratio, the rapidly growing
heterotrophs would tend to take up much of the ammonia required by

Nitrosomonas znd hence reduce the nitrification rate (Painter, 1970) .

For these reasons nitrification is unlikely in either high rate roughins
filters, which usual'y have high ROD effivents, or in the surfuce layers
of low rate filters. Hawkes (1957) has sugpested that the most biolog-
ically efficient means of obtaining fully nitrified effluents wouléd be
to employ two stage blological filtration, in which the primary filter
serves to remove most of the orgunic matter in the vaste, leaving the
secondary filter to act purely as a nitrifying stuage. This is supported
by the findings of Bruce and Merkens (1970) who reported good nitrifi-
cation in a two stage filtration plant in which the vrimary filter was
high rate. Later research (Bruce et al., 1975) at Stevenage using a
similar two stage system to treat domestic sewage produced poor quality

effluents.

The effect of hydraulic loading on nitrification in biological filters
is also difficult to quantify. If the flow rate is sufficiently low
substantial nitrification is usually obtained, as it is increased how-
ever the degree of nitrification has been shown to decrease (Grantiam,
1951, Balakrishnan and Eckenfelder, 1969). The removal of ammonia by
nitrification is believed to be in accordance with a zero-order or con-
centration independant reaction, as the saturation concentration for the

oxidation of ammonia by Nitrosomonas is only approximately 1 mg/l (Pruce

et al., 1975). For ammonia concentrations of greater than 5 mg/l, the
reduction in concentration (and not the percentage removal) during treat-
ment is therefore believed to be inversely proportional to hydraulic
loading and to the specific surface area of the filter mediwm (Pike,
Personal communication). Because of the low growth rates and activity of
the nitrifying bactoeria, filters designed srecifically for nitrification

therefore usually have a medium of high specific area relative to the

o L o



volumetric loading, allowing the necessary prolonged period of contact

between the waste and the biological film (Pike, Personal communication).

Solbe et al. (1974) showed that the effect of temperature changes on
filter efficiency was more marked in the case of nitrification than

for carbonaceous oxidation. This was attributed to the beneficial
effect of increased temperature on the activity of nitrifying bacteria,
interacting with other temperature dependant factors controlling bact-
erizl numbers. These include the increased biologiczl control of film
levels at higher temperature which leads to a decrease in film depth, an
increase in active surface area of the filter and in the access of oxygzen
to the film and consequently to an increase in the numbers nitrifying
bacteria available (Tomlinson and Snaddon, 1966). The direct influence
of higher temperatures on microbial reaction rates combined with the
indirect influences of lower film levels and improved filter conditions

therefore contribute to the enhanced nitrification usually achieved bty

biological filters during the summer months.

The direct influence of temperature on the growth rate of Nitrosomonas

in activated sludse plants was demonstrated by Downing et al. (1964) wno
calcoulated that the growth rate roughly doubled for each ten degree
. . . o \ . o
increase in temperature in the range 6 - 25°C. Although nitrifying
pacteria have been shown to :row at temperatures considerably below
10°%c in pure culture studies (Painter, 1970}, the nitrification rate
in biological filters 1s significantly reduced as temperature falls
below 10°c (Bruce et al., 1975). Poor nitrification performance in
the second stage of a pilot scale two staye filtration plant ~ in which
. o had | L o

the vprimary stage was hiph rate - wos attributed in vart to a - 5C
fall in liquid temperature through the pilot plant in the winter,

. Ll = ~ - 3 v of‘
which resulted in final effluent temperatures being well below 10°C.

The rate of removal of ammonia by the two staze plant increased by

N ) ) . i
L. 5 me N/ma. day for each degree rise 1n temperature between € and
.o omE 3
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20°C (Bruce et al., 1975).

Nitrifying bacteria, particularly Nitrosomonas, are also susceptible

to a large number of inhibitors (Painter, 1977). Substances inhibitory
to nitrification in the activated sludge process are listed by Downing
et al. (190%), Tomlinson et al. (1966) and Wood et al. (1941). Tnhibi-
tion can occur by interference with eifher the general metabolism of
the cell or with the vrimary oxidation reactigns, and the phenomenon
has becn reviewed by Painter (1970, 1977). While the activated sludge
process is very sensitive to the presence of inhibitors, biological
filters in general have been shown to be rather less sensitive (Zowning
et al., 1964). High rate filters were found to remove most of the
inhibitory material present in municipal seware which included chemical

industry effluents, enabling a greater degree of nitrification tc be

achieved in a second stage activated sludsge plant (Downing et al., 1964),

r—

lawkes (in discussion to Downing et al., 1964) attiributed the removal
of these inhibitory materials to the activity of the organisms of the

biological film in the surface layers of the filters.

L



3 Introduction

Hereford Sewapge Treatment Works (8TW) receives a seware which changes
markedly in composition and strength throushout the vear, mainly due
to thne wastes vroduced in the nighly Qeduonul industry of cider pro-
duction. Wastes from a vesetable canning works have also contributed
to the seasonally high orgonic load received by the worls in the past.

Both of these industries preduce wastes rich in organic matter and of

high BCD, althouzh they contain little nitrogenovs nati

SR
high C:N ratio encourzges the development of very he eavy fungal growths

on the existing biolopical filters, particularly during the low tempera-—-
ture period between Cctober and Januvary when apple

¢ crushing during cider

producticon 1s at its veak.

QJ

Filot scale studies were therefore initiated with the obisctives of

investigating the possibility of introducing two stage bioloriczl fil-
tration with a high rate primary stage and int:rmediate secondary stare
to alleviate the problem ~nd increase the capacity of the works, and to
determine whether two stage high rate filtration could be used to Pro-

duce Royal Commission standard effluents when treating seasonally

stron;: muiicipal sewasge.

The pilot plant provided the facilities for detailed study ol the biology
and phvsico~-chemical porformance of various high rate filtration medica,
as well as to study the dewaterability of the humus sludges vroeduced by
cach of these filter media. #1eld laboratory facilities pyrovided tne

oprortunity to determine the nitrifiability of the sccondary filter
of fluents and to examine the relationship belween the desree of nitri-

fieation achieved in biological filters and orgunic loadins.

.- . . e s ot e C o I
fhe vrimary filtration units of the pilot plant were first commissioned
in 1974 and carly data concerning thelr porlormance - at lower hyiraulic

) ) . bad hera - ar o5 @ avhere (Howlands
loadings thin those reported niﬂf are presented elsswhere (Rowlan )
' e lf S



~ m - . . o~ . . o . - .
1979). The secondary Tiltration unit was commissioned during the period

of study with which this thesis is concerned (September 1970 - May 1991).

—

5 Aims and objectives

The aims and objectives of the work reported here were as follows

Y

.
R

To observe and monitor the performance of single and two stare
high rate biological Tilters with reference o 80D, 55, CCD
and NH3~N removal and sludpe production under conditions of

seasonal variations in sewage strength and composition.

<

ii) To observe and compare the performance of four plastic and four
mineral biological filter media as hish rate primary filtration
media, and to observe and compars the performance of two plastic

biological filter media as secondary Tiltration media.

iii) To observe znd monitor seasonal changes in the levels of accunu-
lated film and to observe the effects of changiny the periocdicity
of dosing on film distribution and filter performance in hish

rate biological filters.

iv) To observe and monitor the ecology and biology of primary and

secondary stage high rate biological filters.

V) 1o characterise the humus sludges produced by primsry and socondary
high rate filters, to monitor any seasonal changss in *he condi-
tionability of such sludges, to investigate the eifectivaness

.

sting the de-

of various chemical conditioning
watering of humus sludges and to compare the dewaterability of

high and low rate humus sludges.

Usin~ laboratory scale filters = to ascertain whether the effluents
from the second stage of a two stage hirh rate biological filtra-—
tion system could be fully nitrified, and to investicate the

relationship between organic loading and nitrification in

3,5



biological filters.
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% Methods and materials

Pilot plant

The pilot-scale filters, situated at the Zirn Road sewage trestment
worls (STW), Hereford, consisted of two brick-walled octagonal 'primary!
filters which had been used in previous high rate filtration work
(Rowlands, 1979), and an adjacent steel-walled Braithwaite tankconverted
for use as a secondary filtration unit. One of the octagonal filters
contained four different mineral media in separate sectors, while the
other contained four different plastic mediza, again in separate sectors.
The secondary filter was divided into two equal sections, each contain-
ing a plastic filter medium, Table 4.1.1 lists sector numbers and

filter media used, while Jigs he1.1, 4.1.2a and 4.1.2b are diagrammatic
representations of the primary and secondary filter units. The three
structures were all constructed entirely above ground level and are shown
in Plates %.1.1 and 4.1.2. Each stage of the pilot plant was protectec
from the accumulation of fallen leaves from a nearby oak tree by the
construction of chicken wire cages above each filter. These cages can

be seen in the pilot plant photogravhs.

b,1  Primary filters

The two octagonal primary filters were each divided into sectors, each
sector containing one type of filter medium and having a separate
effluent drain and sump (to facilitate easy sampling of effluents).

Plate 4,7.% illustrates the design of these effluent sumps

The first of the primary filters contained mineral media, and was
divided into eight sectors (Fig 4.7.7 and Plate 4.1.4), with diagonally
opposed sectors filled with the same filter medium. Duplication in
this manner was used to provide greater statistical confidence in any

observed between the performance of different filter media.

- 51 -
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One of each of the duplicated sectors nud three perforated galvanised

steel shafts inserted ag shiown in Fig 4.1.1 and Plate 4.1.5. Each shaft
was 1.6 m deep and 225 mm internal diameter (ID) with 19 mm diameter
perforations to alloyw unrestricted lateral flow of wastes both into and
out of each shaft. Five vaskets constructed from 19 mm mesh 'Netlon!
plastic garden netting, four of which were 400 mm deep and one 200 mm
deep (all had a diameter of 240 mm), were filled with the appropriate
filter medium ang lowered into each shaft by means of nylon twine tieg
to the top of each individual basket. The 200 mn basket was used as

the top basket in each shaft. These shafts were used to study thre

blology of each filter, using the methods described in Section 4.5.1.

-

A 2 metre deep, 27.5 mm ID, 16 SWG wall thickness duralumin access tube
@s installed in each of the sectors (FPig 4.1.1 and Plate 4%.1.5), each

3

vase blanked off with a rubber bung and a removab!

4]

tube having the
rubber bung in the top used to prevent the tube filling with sewage.

In addition to the rubber bung, a plastic sleeve was placed over the

top of cach tube to keep the inside of the tube completely free from
moisture. The tubes were positioned in such a way that thev were sur-
rounded by a radius of at least 300 mm of the filter medium, and each
was placed in the same position within the filters. These tubes were
used in the determination of the percentage of voids in the filter media
which were saturated, using the neutron moisture meter technique, as

described in Section 4.6.2.

The base of each sector was raised slightly and drainage tiles were used
to prevent the accumulation of standing effluents. FEach sector had a
63.5 mm ID uPVC pipe inserted to facilitate adequate ventilation, the
upper end extending to above the level of the filter retaining walls

and the lower end terminating at the level of the drainage tiles (Plate

k.1.5).



My - ey - oL - . N .
The temperature within each sector of the filter was monitored using

a resistance probe from g Foster Cambridge Clearspan continuous tempera-
ture recorder. Thig recorder was fitted with 17 such prohes, one of
which was inserted into the sige of each of the 16 sectors of the two
primary filters at a distance of 1600 mm from the surface feach rrobe

S D . .- . o
being 570 mm long), while one was used to continuously record the temp-

erature of the sewage in the primary filter header tank. Continuous
recording of the output from three of the probes was rossible, and the

sectors recorded were changed daily so that the temperature of esach

sector of the primary filters was recorded continuously for at least

-

2% hours once in every ten working davs.

Settled sewage from one of the primary settlement tanks on the Fign Road

<

ho d

STW was pumped at a constant rate (approximately 500 mj/d> to the 2.4 n”

pacity header tank on the pilot plant (Fig 4.1.1), from where the
sewvage gravitated to the distributor arus serving each of the primary
filters through valves used for flow control. The distribution mechanism
driven four-armed Simon Hartley distributor, each arm fitted with
6 x 19 mm jets with splash plates (Plates 4.1.4 and 5). 1In order to
maintain a reasonable flow of sewage on to the splash plates, two of
the distributor arms were blocked, only allowing sewage to pass through
the jets of the remaining two arms. A distributor motor was used,

fitted with chain drive and the facility to change cog sizes - thereby

allowing direct control of the periodicity of dosing.

The flow rate applied to each sector wis assumed to be equal, and esti-
mates of this volume were obtained from tipping troughs placed under
the overflow of two of the effluent sumps of the mineral media filter
(Sectors 1 and 5), as shown in Plate 4.1.3. These trourhs, designed

by Water Research Centre, could be calilrated to determine the volume

of effluent required to cause them to tip (approximately 10 1 in the

- 53 -



case of primarv £ v S e e s .- v
= pramary filter tipping troughs). Fach trouh was fitted with

a 'Maglock! magnetic reeq switch, connected to an electrical counter,
and each tip of the trough was therefore automatically registered.
This method of flow recording was considered to provide approximately
a ten percent under-estimation of the tetal flow over the weirs of the
effluent sumps, as the troughs did not return to the upright position

immediate . L) I
imnediately after they had discharged their contents and hence some of

the flow was lost.

rach sector of the mineral medium filter had an average depth of 2.0 m

. - 2 5

and provided a surface area of 1.9 m~ and volume of 3,8 m”, The two
grades of slag and granite media used and their positions and sector
numbers within the bed are shown in Fig 4.1.1 and Table ho1.1, while

the medium sizes used in the grading of the mineral media are given in

Table h.1.2.

Table 4.1.2 Grading used for each of the primary filter mineral media

Sieve % Stone passing through sieve

slze

(mm) 125/75 Grading 89/50 Grading
150 100

125 75 ~ 85

100 35 w 45 100

76 0 - 10 Ls -~ 55

63,5 0] 0 -~ 10

The second octagonal filter contained four types of plastic media and

was divided into six sectors (Fig 4.1.1, Plate 4.1.6). Two of these
sectors were each twice as large as the other four; with the four smaller
sectors being filled with random-fill media (Biopac 50 and Biopac 90 -
Plate 4.1.7, Fig k,1.1). The small diagonally opposed sectors were

again filled with the same media. These small filters were exactly the
same size, shape and volume as those of the mineral media and contained

hafts, temperature probes, biological sampling shafts and

1& Dy

ventilation s
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neutron probe shafts in the same positions (Plate 4.1.8). The *wo
larger sectors contained the modular Flocor M and Flocor & media
respectively (Plate Lio1.6, Table be1.1).  The modular nature of these
media precluded their use in separate duplicated filters, and the
decision was therefore taken to provide a single sector of similar
volume to two of the smaller sectors, with two separate effluent drain

points for each of the modular media. The total volume of the Flocor

1

4 medium used in the single large sector was 7.6 mj, while the total

Z
volume of the Flocor M medium used was 6,84 m), with the reduction being

ing
achieved by raising by 200 mm the floor of the ¥#locor M sector. The
lower volume of Flocor M was used s0 as to provide the same total
available surface area of medium in this filter as was available in

L4

the Biopac 50 filters.

The use of biological shafts in the modular medium filters wns not
possible due to the nature of the medium itself, and the biology of these
filters was therefore studied by the extraction of small modules of the
medium from pre-set depths within each filter. The depths used were

O - 200 mm, 600 - 800 mm and 1200 - 1400 mm, while the size of the
modules used were 300 x 300 x 200 mm (¥locor E) and 300 x 200 x 200 mm
(Flocor M). Four units were used, side by side, at the surface

(allowing recolonisation between sampling periods). The (four) units
positioned at 600 - 800 mm depth were not placed directly below the
surface units and access to these units was gained by the removal of

a complete standard module of medium from the top of the filter. Access
to the single unit which was used to study the biology at 1200 - 1400 mm
depth was gained through a rectangular hole cut through the filter wall
brickwork. Only one unit was used at this depth due to the difficulties
associated with placement and access. The hole in the brickwork was

covered after use by refitting polystyrene insulation and wooden shuttering.

] ; : -ai emperatur robes, ne Y
The two modular medium filters contained tempe ire probes, neutron

- 55



probe access tubes and ventilation shafts in the same positions as in
the mineral mediunm filters and flow rates were estimated using two
tipping troughs (beneath sectors 12 and 16) as in the mineral medium

filters.

~

The mechanically driven, four-arm, Simon Hartley distributor mechanism

sUPplying sewage to the rlastic filter

g

o

3 was identical to that which

.

5

supplied sewage to the mineral medium filters, although 21l four arms
2 3

were used to deliver the sewage (as the flow to the plastic medium
filters was always maintained at twice the level of that arplied to the
mineral medium filters). As all four arms were used on the plastic
medium filters, the speed of rotation was set at half that used on the
mineral medium filters, producing a frequency of dosing of two minutes

on each filter.

N -

Through most of the experimental period the hvydraulic loading applied

: : 3,3 . 1 :
to the primary filters was nominally 5.6 and 11.2 m”/m”.d on the mineral

and plastic medium filters respectively (with Flocor M loaded at 11%

5

higher hydraulic load per m” of filter medium than the other plastic

)

medium filters because of the lower volume of this medium in the filter).
T 3 f settled sewage supplied to the pilot plant as well as

The volume of se oS

that applied tc the filters was maintained at a constant level with no

diurnal variations.

The effluent from each of the primary plastic and mineral medium filters
drained to a common effluent sump (Fig 4.1.1, 4.1.2b, Plate 4.1.9) where
mixing took place. A portion of the effluent (approximately 70 mB/d)
from this sump was pumped to the settlement tank serving the secondary
filters using the small Mono pump shown in Plate 4.1.9, while the

remainder flowed over the weir and was returned as waste to the STW,
Suiad i 3 - -
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Table 4.1,1 List ogw§§¢tor numbers ond media typ

used in the pilot

_plant

Sector No,

Primary Filtéﬁé\\
1

no

SRR

N\

™ ~J

10

11
12

.

12
14
15
16

Secondary Tllters
19 \
18

Where:a ! (Bl01) ! I'ef'@l‘}
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Plate 4.1.2 View of secondary filters. Showing secondary filter
feed settlement tank with splitter box and associated
pipework, circular temperature recorder, distribution
mechanism and surface of Flocor R2S filter.
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Plate 4.1.4

Surface of primary mineral media filter. Showing
eight separate sectors filled with various filter
media and four-armed Simon-Hartley distribution
mechanism.

Plate 4.1.5

Surface of 125/75 Granite filter. Showing three
perforated galvanised steel biological sampling
shafts, neutron moisture meter access tube
(centre left of Plate) and ventilation shaft.,

,..61,%, —



Plate 4.1.6  Surface of primary plastic media filter. Showing
six separate sectors filled with various filter
media (Flocor M to the left, Flocor E to the right)
and four-armed Simon-Hartley distribution mechanism.

Random-fill plastic media used 1in pilot plant.
Showing :-~ Top, left to right, Biopac 90 top
and side views, Flocor R2S side view. Bottom,
left to right, Flocor R2S side view, Biopac 50
top and side views and Flocor RS side views,

Plate 4,1.7




Plate 4.1.8 Surface of Biopac 90 filter. Showing three
perforated galvanised steel biological sampling
shafts, neutron moisture meter access tube
(centre left of Plate) and ventilation shaft.
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4.2 Secondary filters

The Braithwaite tank was converted for use as a secondary filtration
unit by the installation of a longitudinal division, allowing for
comparison of the performance of two different plastic filter media
(Flocor RS and Flocor R2S, Plate 4.1.7, Fig 4.1.2a, Table 4.1.1). The
total volume of the Braithwaite tank was 18 m3, while the effective
volume of each of the two secondary filters was 8.64 m3, each having
an average depth of 2 m’ and surface area of 4,32 m (length 3.6 m,

breadth 1.2 m). Plate 4.1.2 shows part of the Flocor R2S filter,

together with the distribution mechanism and secondary filter settlement

tank,

Mixed primary filter effluents were pumped from the common sump (Plate
bo1.9, Fig 4.1.2b) to the intermediate settlement tank situated above
the secondary filters where the wastes received partial settlement
before application to the secondary filters. The settlement tank is
vigible in Plates 4.1.2 and 4.2.1. The total volume of this tank was
2,0 m3 and the desludging pipework can be seen in Plate 4.2.1. The tank
was desludged daily and the period of settlement afforded to the sec-
ondary filter feed was approximately 40 minutes. While a splitter box
was installed for the purpose of flow regulation, this box was never used
for this purpose and all of the sewage overflowing from the settlement
tank was applied to the filters through the 63%.5 mm ID flexible pipe
shown in Plates 4.1.2 and 4.2.1. The splitter box served as a small
reservoir of the sewage applied to the filters which was sampled for
physico-chemical analysis using the small pump and Foster Cambridge

clockwork circular temperature recorder shown in Plate ho2e1.

The shape of the filters necessitated the usc of a reciprocating arm
distribution mechanism.” This consisted of two distributor arms, each

having six plain 12.5 mm jets feeding sewage to each half of the
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Braithwaite tank. The distributor was chain driven by a small electric

motor (situated under the metal covers shown in Plate 4.1.2), and as

the total travel of the drive chain was 3.6 m the equipment had to be

specially designed for the filter by W. E. Farrer Ltd. As the distribe

utors were of reciprocating type, the sewage supply pipe from the

settlement tank to the arms had to be flexible to accomodate the long

distributor travel. The arms took 90 seconds to cover the length of

the filters and sewage was discharged through them continuously.

Eabh of the secondary filters was fitted with biological sampling shafts
and neutron probe access tubes as in the primary filters (Fig 4.1.2a),
with the exception that only two biological shafts were used in each
filter. Unfortunately these shafts were installed after the filters
had been filled with media, and as they were made from perforated
aluminium alloy three of them buckled at the base as attempts were made
to force them into the filters. Consequently one of the shafts in
sector 17 (Flocor R2S) contained only three baskets while the other
contained only four, and one of the shafts in sector 18 (Flocor RS)
contained only four baskets while the other shaft was complete with
five baskets. 1In all cases the small surface basket was one of those

installed and basket and shaft sizes were as used in the primary filters.

Temperature was recorded in only one of the two secondary filters, as

it was considered that temperature differences between two adjacent
sections ofj;iltration unit would not be significant = in the light of
previous work (Rowlands, 1979) and experience with the high rate primary
filters. Continuous temperature recording was achieved using a Foster
Cambridge circular clockwork temperature recorder, with the thermistor

inserted to a depth of 18 cm into sector 17, at a distance of approxi-

mately 1 m from the filter surface.(Fig ho1.2b)
Separate effluent drain pipes were used for both sectors of the filter
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(Plate %.2.2, Fig 4.1.2b), each discharging to a 20 1 tipping trough

which was used to estimate floy rates as with the 10 1 troughs of the
primary filters, These troughs tipped into a common sump (together

with the overflow from the primary filter header tank and the sludge

from the secondary filter settlement tank) before flowing back as waste

to the head of the STW .,

To supply sewages for the nitrification experiments discribed in Section
bolb, two taps were inserted in the side of the Flocor R2S filter (Sector
17y Fig 4.1.2b, Taps X and Y). These taps enabled partially treated
wastes to be obtained from the filter without causing undue distﬁrb&nce
within the filter. The taps were constructed from a 125 mm diameter
uPVC drain pipe, 1.4 m long, which had beén cut longitudinally in half
to produce an open drain for 1.2 m of its length (Fig %4.2.1). The open
drain end of the pipe was inserted through a 125 mm diameter hole cut
through the wall of the Brgithwaite tank so that it ran the width of

the filter itself. The closed end of the pipe was then bonded to the
hole in the tank wall producing a water tight seal, while a 40 mm dia-
meter uPVC pipe was inserted through a hole in the base of the cloged
end of the drain pipe which protruded from the filter wall, enabling a
constant flow of partially treated wastes to be drawn off. The two taps
used were installed at 30 cm and 1 m from the filter surface, and other
wagtes used in nitrification experiments wers drawn from the reservoir
of settled sewage in the splitter box (wsing the small pump shown»in

Plate 4.,2.1), and from the Flocor R23 effluent pipe.

The secondary filters were operated at a nominal hydraulic loading of
ko0 mB/m3ud throughout the experimental programme, although as no active
control was exercised over the flow rate applied the hydraulie lead
tended to fluctuate « lqrgely depending upon the mechanical condition

of the Mono pump feeding the settlement tank with mixed primary filter

effluents. The filters were commissioned on 29.5.79, and were operated
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Plate “0201

Secondary filter settlement tank and associated
pipework,splitter box and physico=chemical
sampling equipment. Showing small pump and
Foster Cambridge circular temperature recorder
used for sampling settled filter feed liquor.
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Plate 40202

Secondary filter effluent drain pipes, waste
sump &nd tipping troughs. Showing secondary
filter feed settlement tank de-sludging valve
(top left) and primary sewage header tank
overflow pipe (bottom left).

y
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4o sxperimental programme and chemical analyses

b5, Sampling methods for routine physico~chemical analyses of sewage

and effiuents from the pilot plant

As the composition and strength of municipal wastes varies throughout
the day, composite samples of sewage and effluents were used for routine
chemical analyses to provide accurate estimates of filter performance.
The constant flow rate avplied to the filters allowed samples of equal
volume to be taken instead of welpghting for flow, and these samples

were taken every hour between 10 am and 4 pm. Although automatic
(Bestel~Dean 24 hour) samplers were available on site, it was found

that the solids in the effluent samples, and occasionally those in the
sewage, tended to clog the mechanisms and samples were therefore usually
taken manually. The volume of each sample was 70 ml and these were

compounded in 500 ml glass stoprered sample bottles. The primary

k4
1
}\._J
t+
T
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sewage (Primary Feed) was sampled from the surface of the primary
header tank, while the primary filter effluents were individually
sampled from the effluent drain leading into each effluent sump. The
secondary filter feed (Secondary Feed) wes sampled by pumping waste from
the small reservoir formed as the settled feed flowed through the splitter
box before draining to the secondary filters, using the small pump shown
in Plate 4.2.1. A period of at least one minute was allowed for this

pump to purge itself of any stale waste before samples were taken.

Secondary filter effluents were sampled from the effluent drain pipes

s they discharged into the tipping troughs (Plate 4.2.2).

Samples for BOD, COD and SS analysis were stored in darkness overnight
at MOC, while samples for nitrogen analysis were first preserved as out-
lined in Section 4.3.3.1. Sewage and filter temperatures were recorded

using the equipment and methods outlined in Sections 4.1 ang 4.2,
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hoz.2 Sampling programme

The sampling programme used during the period of study for sampling the
Physico-chemical composition of the feeds and effluents was divided

into three separate phases. These vhases differed in terms of sampling
intensity and have been termed Full, Half and Reduced sampling periods.
The chronology of these periods is given in Table 4.3.2.1. The sampling
Programme employed varied mainly in terms of the number of primary
filter effluent samples which were taken, as the intensity of secondary

filter feed and effluent sampling was never reduced from Full sampling.

Full sampling, as used on the primary filter feed and effluents between
September 1678 and March 1980, and on the secondary filter feed and
effluents for the whole period of their operation (with eone small change
between January and May 1981, as outlined later), consisted of sampling
on Mondays and Thursdays. During this period every effluent (includin
duplicated filter effluents) and both feeds were sampled hourly on
sample days, and the samples analysed for BOD, COD, S5 and nitrogen
content (with only occasional samples being taken for primary filter

feed and effluent nitrogen analyses),

Half sampling was employed between June and September 1980 on the
primaryvfilter effluents. This initially consisted of sampling only
one effluent from each of the duplicated primary filter media twice
weekly with compounded samples as in Full sampling (during June and
July), and eventually of sampling all mineral medium filter eifluents
on Mondays and 2ll plastic medium effluents on Thursdays. Full
analysis of samples for BOD, COD, SS and occasionally nitrogen content
were performed on all samples during this veriod, and the secondary

filter sample analyses were not affected by the changes,

Reduced sampling was employed between October 1980 and May 1981, During
this period the sampling of the primary filter effluents was minimal,
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with only the performance of filters 1 and 9 monitored regularly.

Samples were taken on Mondays and Thursdays between October and December
1980 and Tuesdays and Thursdays between January and May 1981. COD
analyses were not performed during this period of Reduced sampling,
although the sampling of primary and secondary feed and secondery

effluents was not otherwise affected during this period.

r 'Z v . ‘V - - ’ . 3
Table 4.%.2.1 lists the full chronology of the sampling and analysis
programmes employed during the study. Owing to the seasonal changes

1n the nature of the sewage at Hereford (see Chapter 3) the performance

figures obtained from the pilot plant have been divided into gquarterly

sets. Fach quarter has been identified by two numbers, the first of

N

which represents the calender year (year 1 = 1978, year 2 = 1979 etc),
while the second represents the time of year (1 = winter, 2 = spring
etc). Table 4.%.2.1 also lists the months in which long plant shutdowns

occurred. The dates, duration and reasons for the plant shutdowns are

given in Appendix 4.3%.1.

k.3.3  Chemical analyses

BOD, COD, SS and nitrogen analyses were performed as determined by the
experimental programme. BOD, COD and SS analyses were carried out using
the methods given in Analysis of Raw, Potable and Waste Waters (JIMSO,
1972), using the modification to the method of BOD determination given
by Rowlands (1979). NH3~N, NOE-N and N03~N concentrations were deter-

mined using a Technicon Auto-analyser, by the methods outlined by

Chapman et al. (1967).

Samples of feeds and effluents were analysed as soon as possible after
collection, with analyses being carried out on either shaken or settled

samples. Settlement entailed a 30 minute quiescent settlement period

in a 500 ml sample bottle.
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Samples taken on Mondays were sub-sampled and analysed for COD and SO

o My e ur e o b - . . . -
content on Tuesdays, following overnight refrigeration. Owing to the

difficulties involved in performing the five ‘day BOD analysis, the
samples taken on Mondays were not analysed for BOD until Wednesdays,
allowing the fifth day of the test to fall on a Monday rather than a
Sunday. Samples were refriperated between Monday nipht and Wednesday.
Soamples collected on Thursdays were analysed for BOD, COD and SS contents

on Fridays following overnight refrigeration.,

h,z.%,1 Preservation of samples prior to nitrogen analyses

As facilities for inorganic nitrogen analysis were not available at
Hereford, suitable methods for preserving samples for transport to,
and analysis at Aston University had to be evaluated. It was expected
that the maximum storage period reguired would be three weeks, with an
average of two weeks. Preservation tests were therefore carried out
using a number of preservation techniques commonly used for storage of
water samples for nitrogen analysis, and a storage period of up to

thirty duys.

For the investigation, sieved one litre samples of the settled sewage
(T1), secondary filter feed (T2), and secondary filter effluent (17 -
Flocor R2S) were taken and stored overnight in dark plass bottles at

5OC before transportation to Aston. The samples were taken the previous
day and stored overnight because diurnal variation in sewage composition
would have caused early morning samples to be unrepresentive of the
seware composition at the proposed future sampling times. These three
samples were chosen to provide a wide range of BOD concentrations, so
that the effects of different levels of organic matter on each preser-

vation method could also be evaluated.
At Aston each one litre sample was divided into eight aliquots of 125 ml
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and each aliguot was siven a separate preservation treatment. The treated

samples were then thorouphly mixed and each sub~divided into 8 x 15 ml

sub-samples, placed in sCrew topped 25 ml universal bottles and stored

J = - 3 > + - ~ - - 7 1}
in darkness under the temperature regime described below.

The preservation techniques used were :=

1 Acid - acidification with conc. HCL to a pH of less than 2 (5.9 ml

)

conc. HC1/1 sample). Plus refrigeration at 5°C.

T

2 Min Acid - acidification with conc. HCl to a pH of 2 (1.2 ml conc.

-+

HC1/1 sample). Plus refrigeration at 5%,

- . o) - L. .
3 Frozen - freezing to ~15°C., Samnles for this technique were .
sub-divided and stored frozen in 2k x 2 ml plastic capped snalyser

cups, one cup to be thawed and used for each analysis for NH_-N,
2

NOawN and NO,=N carried out on each day of the investigation.
)

n Alkali - addition of NaOH to a PR of more than 12 (7.0 ml 1.2 M
o - : L. _0
NaOH/1l sample). Plus refigeration at 5 C.

5  Mercury - addition of HgCl., (& ml 1.25% HgCl

5 Sol/1). Flus refriger-

2

<

. o}
ation at 5 °C.

6 Chloroform - addition of CYCl5 (1 ml CI;Cl3 per 15 ml sample). Plus

. . o}
refrigeration at 5 °C.
o . . o)
7 Fridged - refrigeration at 5 C.

o
8 Room temp - storage at 20 C.

. . 8 T ] b a th
The 2 ml plastic cups were used for the Frozen preservation because e

. ) : 1 s atu /ithout
samples could be thawed relatively quickly at room temperature, without

recourse to the use of a possibly harmful external heat source.

3 s R s
i i % rea -5 had been administered the Ifirst sample
Tmmediately after the treatments ha

was analysed (day O). Subsequent analyses after 1, 6, 9, 16, 25 and 30

days storage were carried out on a fresh sample bottle, the contents of
AL o &

. oV adan . .
the bottle were discarded after the analvsis was completed. Separate
L = =4 h
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ey e bottles werae 11ans o i i
universal bottles were used for each analysis because it was felt that

the digt 2y vy ., A g . . )
the disturbance caused by the sub-sampling of a preserved sample after
a period of storage might cause extra variation in the results. The
Frozen sample was not fr ha i i i
Samp was not frozen and thawed on day O prior to analysis,

. o : s
merely stored at 5°C. “he initial concentration of each parameter

asure = Pty 1 . . RSN . .
measured was obtained by averaging the Frozen and Fridged sample concen-

trations at day O. Analyses were algo carried out after 60 days storage

to evaluate the effects of long term storage.

Analyses were carried out using the Technicon Auto-analyser, and the

<

(¢

results of these analyses are presented grapnhically in Figs L,oz,3.1 « 3,

Statistical analysis of the data consisted of a two way blocked analysis
of variance to determine whether the treatments differed significantly
in their effects on the samples and whether sample composition deter-
lorated with time. Students <f-tests were used to determine wnether

the average concentration for each parameter and each techniaue obtained
over %0 days storage differed from the initial concentration determined

at day 0. The results of these analyses are presented in Tables 4.3.%2.1 -

! -

%, while the basic data are presented in Appendix “.3.3.

Analysis of variance of the NHB—N data show that the concentration of
ammonia in the sumples did not change with the period of storage, but
differences between treatments were significant at the 1% level (Table
L,%.%2,1). The treatments included in the analysis of variance were
Acid, Min Acid, Chloroform, Mercury, Alkali and Frozen. With the excep-
tion of the Alkali and Frozen samples, each treatment gave very stable
ammonia concentrations with storage period (Fig 4,3,%,1). However t-

tests indicate that only the Alkali and Frozen sample averages were not

significantly different from the initial concentrations.

Due to the very low concentrations of nitrite and nitrate found in the

1stice S€ carried out on the data. inalysi
71 sumple statistical analyses were not carrie e \ vsis
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of variance of the NOB~N data from T2 and 17 shows that there 'were

significant differences (@ 1% level) due to both the treatments and

storage period. This indicates that at least one of the techniques
is unsuitable for nitrate storage over a 30 day period. Graphical
presentation of the data from samples of 17 (Fig 4,%.%3.2) indicates
that only the /Acid and Alkali gave good preservation on storage.
T-tests however show that the average concentration from these tech-
nigques was significantly different (@ 1% and 5% levels respectively)
from the initial concentration. Only Mercury produced reliable results

in this respect, although after six days storage the results became

erratic.

It was decided that for convenience a single preservation technigue

should be used for both NHB«N and NOB~N analyses. Freezing was not

o

ue to the difficulties involved in freezing

considered appropriate e

in glass containers. Addition of NaOH, although giving an overall
average NH3~N concentration which was close to the true concentration,
produced erratic results, especially towards the end of the experiment
where a possible deterioration in the samples was evident. Although
adding chloroform produced stable NHB_N results, the N03~N storage
characteristics were more erratic and this technique tended to cause

a greater overestimation of nitrate concentrations than the other
treatments. Mercuric chloride produced good overall storage character-
istics for both parameters, but there was a tendency té an under-
estimation of NH5~N content. As underestimation of any parameter was

considered less desirable than overestimation,this technique was not

used. Min. Acid addition gave good storage characteristics, but NHB~N

concentrations were overestimated by slightly more than by the addition

of the greater volume of Acid. Because of the stability of the samples

stored by the addition of Acid, this technique was chosen as suitable.

Tt is recognised that this preservation method overestimates nitrate
=]
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concentration quite seriously at low concentrations, while at higher

concentrations both NH3»N and NO,-N are overestimated by an approxi-
mately steady 11%. This sample stability over the storage period is

considered to outweigh the dis

advantage of slight overestimation.

o s e ; . . .
The addition of acid to samples for NO?wN preservation is obviously an

unacceptable method (Fig b.3.3.3). There is an exponential fall in

i1
. N . . L, S
HOEMA concentration on storage after acid addition. This decrease has

been observed in the past, and has been attributed to the Van Slyke

reaction by Brezonik and Lee (1966). 1In this reaction nitrite reacts
with amino groups and with ammonia to produce nitrogen gas, as described

by the formula.

0 = N=O + RCHCOOH+H  ~wu2 RCHCOQH+N2+H20

NH2 OH

This reaction occurs at significent rates only in low pH solutions.
Samples for nitrite analysis would therefore reguire a different pres-

ervation technicue to that chosen for NOE—N and NH,-N analysis.

3

Statistical analysis of the nitrite =N data indicates that nitrite samples
cannot in fact be satisfactorily preserved for long periods, This finding
has also been reported by Wagner (1976) and by the German Vorking Party

on Stabilisation of Sazmples (1981). However the Frozen samples were
reasonably well preserved with an acceptable level of accuracy, and the

t-tests showed that of all treatments the average concentration of

nitrite is least significantly different from the true concentration in

the Frozen sample.

As a result of this investigation the following sample preservation
D
1 J =~ ~ + -
methods were used. For NH3~N and NOg-N analyses, freshly taken samples
were settled before a 25 ml sub-sample was taken and preserved by the

addition of six drops conc. HCl from a micropipette (1 drop = 0.025 ml).

- B2 -







syuswmtxadxs

NN NN N
Jomoy SUTAITILITN .- N

L
R i e AV N AN A I A W R W S Wi oy

N

SIS

-t -

SESTEN s

A e e PUNE A

< L T - A R i B |

FUTUOTATPUOD 8JpnTy - P N L T N
* wn [9p] ) LW U W2 N v wm .?u! [9p]

. n
I NN W Io B 7> BN 7o B 4o\
sqoad sJINISTOW UOIFNSN N e e o4 e m
=4 [C T T € & TR C T C IR C YR R ) g Py Oy Py
. - - 9} 0 ) 9] 1)
JutTdues TedtdoToTg - - - - .
= Py fey fry fzy =y Fzy [y
3
&
Lep | uw + —~ —
P U3 jam wn Ry A o ovaow;m [9p] Ay ™ [SFEEN o R a PRy PR a T (ST} §

J83woad8 JO sumopanys
juweTd yaTM SULTIOW

»1 Chronology of sampling programme employed.

usxe]} sordwes JO CON | AN NI NN OO NG K MF D OO0 e NG U0 O W00 Al
a
I
@ - MUl WY NI A Wy WD W 0 W
— posn JurTdwes 9uIinNcy e e e e TR T - r e e e e e - e
M - RN € I R I SR T Y Fra Py P Py P P B B Py momom e e Mo ~ oo
>
oJ o] cO o (@] —
" o~ o~ oo =@
MY = U3 uoh .
s w NOZ Mk EZ<z Hhhwd 002 Ak Sz Hbh< NOZE ARk = <=
-
=
|
® &0
—
2 Y g b aJ N =+ — oJ XY ey w V]
I & .H@P.Hmwﬁ@ s s 2 ° ? ° 2 N ? ® 9
~o A o o o ol M MY 1 M = =s




EEI_EE Table 495a2,1

Foo= Full routine samplis 5 . .
sampling, with sewage and effluents sampled as out-

lined in Section 4,%,2 i ;
section 4,%.2, or, in the sludge characterisation work,

full characterisation of primary filter sludges.
1 - Half routine sampli | ~ '
H Half routine sampling, with half of the primary filter effluents

being samp ampli 3 ]
ing sampled on each sampling day. cewage sampled in full.

AN

R~ Reduced routine s:mpling, with only the 89/50 Granite (Biol) and

Biopac 50 (Biol) filters of the primary filters being sampled.

Sewage s'mpled in full.

3 = Secondary filters - sampling regime never reduced.

P -~ Complete pilot plant.

Pl -~ Primary plastic media filters only.
St -~ Primary mineral media filters only. -

A - Sludge conditioning using aluminium chlorohydrate.

[V

4 =~ Sludge conditioning using solyelectrolyte conditioner.

t—
{
2!

ludge conditioning using a low rate filter humus sludge from the

Rotherwas STV, Hereford.

1 « ¥irst nitrification experiment, to test the nitrifiability of
Flocor R2S filter effluent.
> . Second nitrification experiment, using wastes of various BOD
. 5,3 4
strengths and flow rate of 2.0 m /" .d.

e . . . s o
% o Third nitrification experiment, using wastes of various BOD

>, 2

strengths and flow rate of 4,0 m"/m”.d.

. i ed s ; ing w e various B
Fourth nitrification experiment, using wastcs of va s BOD

strengths, fortified with 20 mg/1 NH5~N and flow rate of 4.0 m”/m”.d.

'3 fth nitrification experiment, using wastes of various BOD

3,3
strengths and flow rate of 6,0 m”/m”d.




Table 4.3.3.1 s: e o
77-1 Sample preservation investigation - Statistical summary.

, T ) .
Ammoniacal - Nitrogen sample preservation,

Analysis of variance.

Significance level

Sample origin Treatments © Storage time
N Tt e

T1 - Primary feed 1% N.S.

T2 -~ Secondary feed 1% N.S.

17 « Flocor R2S8 effl. 1% N.S.

Lffects of preservation techniques.,

Preservation method used :-

o F
° B oy
< o £ - o
£ = i 9]
s . o 3 o S
o = ~ & e 0o
) . < ¢ ~ £
= = 3 = < ey
Primary feéd.
Initial conc. := 4.9 mg NH3~N/1
Ave. conc. over 30 days storage 5.5 5.6 5,3 h,5 4,8 L. 5
% of initial conc. remaining 11%3.1 1141 108.2 91.2 97.1 92.7
Standard deviation 0.1 0.1 0.2 0.1 C.5 0.5
Significance level of t 1% % 1% 1% N.S. N.S.
Secondary feed,

Initial conc. := 5.0 mg NH3~N/1
Ave. conc. over 30 days storage 5.6 5.7 5.4 4.8 4.8 5.0
% of initial conc. remaining 112.6 114.8 107.4 96.0 95.4 99,8

Standard deviation 0.1 0.1 0.2 0.1 0.6 0.2

Significance level of t 1% 1% 1% 1% N.S. N.S.

O

Flocor R2S effluent.

Tnitial conce := 5.45 mg NH3~N/1

Ave. conc. over 30 days storage 5.9 6.0 5.5 5.1 5.1 5.4

% of initial conc. remaining 108.1 109.% 101.1 93.4 94.3 99,8

Standard deviation 0.1 0.1 0.1 0.1 0.4 0.1
1% 1% N.S. 1% N.S. N.S.

Significance level of t
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Table 4.3.%.2 Sample prese ion i v
53 cample preservation investigation - Statistical SUNMATY .

Nitrate - Nitrogen sample preservation.

Analysis of variance,

Significance level

Sample origin Treatments * Storage time
T1 - Primary feed N/A N/A
T2 - Secondary feed 166 1%
17 ~ Flocor R2S effl. 1% 1%

Lffects of preservation techniques.

Preservation method used :- o o
= o
[¢] G- >
< o &~ 2! =
£ = —~ o
o ‘ o 3 « &l
= = —~ £ g o
O e Ky [0} — 2]
<< = o = = fy

Secondary feed
Initial conc. := 0.225 mg NOB-N/l
Ave. conc. over 30 days storage 0.33 0.32 0.40 0.28 0.29 0.26

% of initial conc. remaining 146.7 11,3 177.8 125.3 120.2 116.0
Standard deviation 0.03 0.04% 0.07 0.05 0.05 0.04
Significance level of t 1% 1% 1% 5% 26 5%

Flocor R2S effluent

Initial conc. := 1.000 mg NOB»N/l
Ave. conc. over 30 days storage 1,170 1.12 1.20 1.08 1,07 1.06

% of initial conc. remaining 110.4 112,0 120.0 107.5 106.8 106.4
Standard deviation 0.03 0,08 0.12 0.10 0.06 0,07
1% 1% 1% N.S. 5% 5%

Significance level of t




Table 4.2.3.% gay : :
« 8 oample pres 5 - . . . L.
2P preservation investipation - Statistical summary.

Nitrite - Nitrogen sample preservation.

Analysis of variance,

Significance level

Sample origin Treatments " Storage time
T1 - Primary feed N/4 N/A
T2 - Secondary feed 1% 1%
17 - Flocor R2S effl. 1% 1%

bEffects of preservation techniques.

Preservation method used :- © 5
[¢) 4 e
<% o £ - -
= 3 — @
e s o ) @ N
o <] ~ 5 Ry ol
(8] ot Kol [ — 4
< = &) = = &

Secondary feed

Initial conc. := 0.245 mg N02~N/l

Ave. conc. over 30 days storage 0.06 0.09 0.21 0.22 0.22 0.21

% of initial conc. remaining 2hk.1 36,7 8k.,1 90.6 89.0 £&7.3
Standard deviation 0.04 0.05 0.02 0.01 0.017 0.02
Significance level of t 1% 1% 1% 1% 1% 1%

Flocor R2S effluent

Tnitial conc. := 0.246 mg NO,-N/1

o

[
Ave. conc. over 30 days storage 0,07 0,10 0.22 0.23 0,22 0.22
% of initial conc. remaining 26.4 39.4 89.8 91.5 89.9 88.2

0.05 0.05 0.01 0.01 0,01 0,02
0.1% 0.1% 0.2% 0.1% 0.1% 1%

Standard deviation

SO

Significance level of t
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kov Nitrification of sewa

m . . .
Lo carry out a study of the effects of various loading conditions on

mibrtieation in biological filters, a scries of laboratory scale

experiments was designed in which groups of identical filters could be

supplied with wastes of different organic content and at predetermined

tlow rates.,

small laboratory scale filters were used for the experiments, each having
an effective volume of 0,75 litres. The size of these filters was
largely determined by the amount of sewage needed to maintain the

desired flow rates. The filters were constructed from 65 mm internal
diameter (ID) glass tubing, being tapered to an effluent drain pipe of

17 cm ID at the base (Fig 4.4.1). A small side arm was inserted close

to the base to facilitate ventilation, which was further aided by the
positioning of an airtex practice golf ball at the base of each filter.
In order to maintain identical conditions within each of the 21 filters
used 1n the experimentation, esach was filled with 0.75 litre 6 mm
diameter spherical glass beads which acted as the filter medium. A4s
the exact measurement of a volume of glass beads i1s difficult due to
differential packing in measuring cylinders, the measurement was care-
fully made once, this volume of beads was then weighed and each filter
was filled with that weight of beads. The 6 mm beads were used because
in order to minimise the effects the wall of the filter might have on
treatment the media must have a diameter of less than one tenth that

3

of the filter itself (Dept of Enviromment, 19 ). Spherical beads have

the advantage of having easily determined specific surface area (SSi)
] -

which is calculated from the formula

SSA = 3690 Where d = diameter of the spheres (mm)

d

. 2,3 . . o
therafore the beads have a SSA of 615 m /m”. While it is appreciated
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that this is around three time WS . :
Aree times as hirh as might reasonably be used in

SCWARe W s tle 3 . P . N .
sevage works tertiary treatment plants, it is felt that, provided

nding ca avoi . op .
ponding can be avoided, the small beads effectively remove any performance

constraints which may operate due to lack of nitrifying capacity of a

~

filter filled with larger media,

ol {1t er wae v . \
tach filter was wrapped with black polythene to exclude lirht, shaken

twice to allow settlement of the medium, and placed in the ve

S|

q
.

tic

o}

0

~yerd oY T .
position above an open drain which served to carry away to waste

o+

he

3
[$%]

portion of the effluents not required for samples.

An inverted petri dish with a small hole drilled in the centre served
to hold a sewage supply tube in position over the surface of the media.,
The silicone supply tubing used had a 3 mm ID and 5 mm outside diameter
(OD), each filter having the same length of tube to feed it with.
Sewage was metered to the filters by one of three Watson Marlow peris-—
taltic pumps which were fitted with either 12 or 24 tubing induction
rotors. Two of these pumps were variable speed, one fixed speed. All
rotors were initially fitted with 3.0 mm ID, 3.5 mm OD silicone rubber
tubing which was liberally lubricated with olive oil twice daily to
prolong the effective life. Despite regular lubrication it was found
that the tubes required frequent replacement, often after only five days
use, if flow rates were to be accurately controlled. All supply tubes

were cleaned each week, using tap water, to prevent them blocking with

accumulated solids,

The fixed speed peristaltic pump was found to deliver a greater volume
of sewage to the filters than was required when fitted with 3.0 mm ID

tubing, the volume delivered by this pump was therefore controlled by
K]

the use of a time switch which automatically switched off the electric

] i 3 every 30 seconds. To maintain
supply for approximately 10 seconds every 30 s

identical dosing regimes for all filters, the two variable speed pumps
S ” (= s 25 - 20
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ere also attached t separ Vs .
W A ched to (separate) time switches, each having the same

on/off periods, and the speed of thax 1
/ P 8, and the speed of these pumps was varied accordingly.

the filters vere housed in a small shed (3 m x 2 m) close to the pilot

plant to facilitate the transport of the large volumes of sewage

~

required daily during tie experiments. This shed was insulated using

expanded polyurethane foam clad to the roof and inner walls. Temp-

et o 3 o + Ny s . - n .
erature was controlled using a 3 kw Xpelair fan fitted with a therme-

(=N

P 1 - . .
ostat. The temperature was maintained as accurately as possible at

O .
o ‘ . L ) : . y

20°C, being continuously monitored by a Foster Cambridge Temperature
recorder, the thermistor of which was positioned at a level half way
down the side of one of the filters. Fresh wastes were collected daily

between 10.15 and 11.15 am, these were then sieved through a 150 micron

sieve and placed in 20 litre containers, The containers were positiocned

®
o

clos 0 the relevant Watson Marlow pump and filter supply tubes posi-

3

tioned inside the containers with the ends about 2 cm from the base.,

m

'he experimental equipment is shown in Plate 4.4.1 and diagrammatically

in Fig &.4.1.

Frior to the taking of any effluent sample a period of one hour was

allowed,during which time fresh waste displaced any of the previous

days supply from the filter. The effluentis from each filter were then

collected individually in 250 ml bottles fitted with funnels, for a

N

period of four hours. ©fach feed liquor was individually sampled by

: : o : 5 th is of
taking a spot sample of at least 100 ml, from as close to the ends of

the sunply tubes inside the feed containers as possible without causing
undue turbulence. at the start of the effluent sampling period. Flow
- ¥

rates were measured on each sampling day by direct measurement of the

volume of effluent collected over the four hour period. Bach sample

: 1 ~ 4+ Y
was shaken und aliowed 30 minutes settlement before taking & 25 ml

38 : - lysis and a 2 ml sub-sample for
sub-gample for NHBaN and NO5 N analysis

S50 E X - - p r ed a
I\“ : N ne 1y51b @ o s
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described earlier. The remainder of ench sample was stored overnight

O = - .
at 4°C prior to analysis for BOD (ATU suppressed), each analysis was

carried out after 30 minutes settlement,

Fifteen of the filters were commissioned in May 1980 and initiallyv seeded

- e . . .
with nitrifying populations using settled final effluent from the Eipgn

<

. 2 4
Road sewage works, applied at a flow rate of 2 m//m).d for a period of

s 1 e r = . ] . ) , ‘
five weeks, The feed Supply was then Chz—mgea to the effluent from the

Flocor S filter of the pilot plant. This effluent was sieved through
a 120 micron sieve prior to use. Filtering the eflluent in this wayv

removed invervtebrates and gross solids. This was recognised as placin

jo:s}

an artificial condition on the filters, but it is believed that the

removal of invertebrates can be justified on the grounds that the pre-

Cl.Q.\IQ,\oPmQy\t ;
vention of differential population{between filters could reduce varia-
tions in performance. In the absence of grazing invertebrates the

removal ol gross solids becomes necessary to prevent ponding of the

filters.

Following a four week period of acclimation to the secondary filter

efTluent, a series of experiments was commenced in which sewages of

various ROD concentrations were applied to the filters at predetermined

; - 106adi i +3 °
flow rates in order to observe the effects of loading conditions on

nitrification. The sewages used were collected from different points

on the pilot plant, as shown in Table k,4.1,each being applied to a

small gfoup of filters. él¢
Prior to the start of each experiment a period of at least two weeks

: ati iitions 1 sed.
was allowed for acclimation to any new operating conditions impos

: ~ v ampling
Excluding this period, each experiment ran for ten consecutive sampling

samples being taken twice weekly where

days (approximately five weeks),

possible.




of three. These groups were used for a

served to provide reliable esﬁiﬁate

each experiment,

in Table 4.4.2.




Table 4.4.1 Origin of feeds used in ;

Label used
W The bpllﬁter bOA fe v d mlxed prlmary
filter effluents to & ,‘seoendarykalter r2).
X The tap 'ch,.CPd BO cm bnlow t‘qe surface of ‘the
Flocor R2S ‘fll‘ter«
Y The tap placed 1,0 m b ow the surface of the
Flocor_st,filter, e
7 and V The effluent from the Flocor Rdﬁrjrltgg;éf?);
W II Settled sewage ("‘ﬂ)/for i f w; fcb 20 mv NH mI\I/l
L IT
Y IX
Z 1T
vV IT

All feeds were smeVea tnrough a2 15

pr 6?if5%épplication\
to the fllt@r50 - \ \




Table H.4.2 Nitrification experiments

~_&Xperimental programme .

Experiment no. Filter group Feed applied /Elow{rgte app}ie@

1 ALl




-

- _M.x T AT ANYA ey
JoUTelju0d 218em T Oc S v@..ﬁw\wﬁh Eted

L

g

(o

PIUBLATNDO juswTIodNe UOT}EOLJTI31U 10 UOL3e3UsSotdos ot icimeidar




Plate 4.4.1

Nitrification experiment equipment.  Showing
two feed liquor containers, variable speed
watson Marlow peristaltic pump with automatic
on/off switch, six nitrifying towers wrapped

in black polythene to oxclude light, associated
supply tubes and effluent sample collection

bottlese.
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o Sludge cg collection and & conditioning

m P Start an 4 ’ Y
To characterise the humus sludpges produced by the primary and secondaz

filter media and to compare their dewaterability with humus sludges pro-

duced by the low rate biological filters of the Rotherwas $TW, Hereford,

. Y : - .
a technique for the separate collection of the sludges produced by each

&

filter medium had to be developed

The effluents from the primary filters passed through a small sump
(described in Section 4,1) before discharge to a common effluent channel,

Zach sump was of low capacity (less than 1 1) and did not provide the

N

opportunity for substantial settlement of humus solids, although the
fact that the effluent collected in a small pool before discharge to

the effluent channel provided an ideal sampling point for the collection
of effluent from which humus solids could be settled. Two sets of the
apparatus shown in Fig 4.5.1 were used in the collection and settlement
of sludge from each filter effluent. Effluent collecticn was continuocus
over a 24 hour period, with the effluent from two different filter media
being collected simultaneously. Sludge collection was carried out over

- : - ha T A 1 T @ -A'a
a two weelt period during each of the months shown in Table b,2.2.1

The effluent from each primary filter medium was colledted by pumping
from the sump, using a small peristaltic pump fitted with 9 mm ID,

. . p F I " Ty I T
11 mm OD silicone rubber tubing, at a rate of 500 ml/min. The tubing

used to convey the effluent from the sump to the pump, and from the

pump to the standard household dustbin converted for use as a settle-
pumy |

ment vessel, was also of 9 mm ID, although this tubing had rigid walls.
vessel, :

This tubing was used as it was considered that the internal diameter
3 DAL (o) "

. solids with~
would be large enough to allow the passage of gross humus solids wi

. 1 ~ 1
out ing any change in their nature through the action of compressive
ut causing Y >

forces.

- 101 -




The dustbin was fitted with = 1 ce
Ltted with a baffle to pPromote rapid settlement and

a drain tap and overflow pipe. &

NS

wXcess effluent passing out of the

overflow pipe was ; o ; N
W PLlPe was run to waste, The volume of each dustbin was arorox-—

1mate’ 58 wrs . . .

imately 68 1, with average diameter 44 cp apg height to the drain tap
Lo IVERT . .
boocme  With the pump used the retention time of the effluent in the

dustbin was therefore approximately 155 minutes and the upward flow

e 1 APPIOXim: ) T . X . .
velocity approximately 0.2 m/hr, Thig was considered to provide suffi-

cient time for complete humus sludge settlement.

At the end of the 24 hour collection period the drain tap was opened
and the supernatant drained off. The dustbin was then tipped with
considerable care so that as much of the supernatant was drained from
the surface of the sludge layer as possible without losing any of the
fine solids of the sludge. A small amount of supernatant liguid was

always left on top of the sludge laver to ensure that fines were not

lost and this supernatant was discarded after laboratory thickening.
Using this technique the sludges collected were considered to be rep-

resentative of those which would have been collected from full scale

settlement tanks had they been available.

The secondary filter sludges were settled from effluent drawn from the

. \ M o1 ! Ty et i {
effluent drain pipes shown in Plate 4.2.2. Two sets of settlement

arparatus were used for each effluent as in the primary filters, but

as there were no effluent sumps on the secondary filters the effluents

were collected by placing the collection tube in the hole cut in the

top of each effluent drain pipe (shown in Plate #.2.2).  EBach drain

pipe had the bottom half of its outlet blocked off to form a small weir,

and the small pool of effluent formed behind this welr was used as the j
- f3 i -

Q.

i as ma Settlement and super-
hich effluent collection was made. Settlemer sup

reservoir from w

; . i X udges.
natant withdrawal were as for the primary filter sludg
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Catt = o iy Y .
Settled sludge from the Rotherwas STW 1ow rate biological filters was

collected from t 5 . - . -
om the debludgln@ valve of one of the humus settlement

tanks during one of the two desludging periods of the day. The sewage

treated by these filters was the same as that treated by the filters

~

of the pilot plant, and comparisons between the low and high rate

sludges were made during three consecutive months as outlined in Table

b.3.2.1. The high rate filter humus sludges were collected and charac—

terised during each of 12 consecutive months.

sludges were thickened after collection using a WRC laboratory settle-
ment apparatus and their condition and response to the addition of
various doses of chemical conditioners was assessed using the methods
recommended by Gale (1977). Observations of differences in the condi-
tionability of sludges collected and changes in conditionability with

season were then made.

I'or the comparison of the conditionability of different sludges the
concentrations of chemical applied per tonne sludge dry solids during
sludge conditioning tests should ideally be maintained at a constant
level. 1In order to simplify the preparation of solutions of chemical
conditioning agents however and to remove the need to determine the
sludge dry solids content before commencing conditioning tests, the
same concentrations of chemical were applied to each thickened sludge
regardless of sludge solids content. The cost of the chemical dose

used therefore varied with the sludge solids content.

Two methods were used in the treatment of the data for the comparison

of the condition and conditionability of the sludges. The first method

involved estimation of the cost dosage of aluminium chlorohydrate
required to reduce the specific resistance to filtration (r, measured
12
at 500 tz/cm2 and jOOC) of each sludpe to 4.0 x 10~ m/kg after 40 sec
D & -

. . 1
stice 1 comparative studies on sludre
4 1¢C ] i 3 ard rractice 1in ¥
shear which 18 stand Bt
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conditionability, A second method of treating the data was developed

to take into account z . 2 e
- two aspects of sludge conditioning tests which

became apparent during this investigation. These were:-

1 Although reducing r to 4,0 x 107¢ m/kg was relatively easy in all

of the sludges tested,

+ N T TR T . .
the coagulant demand reguired to reduce this
Tigure further increased wressivel ied E
iz rther increased brogressively and varied between sludges.
5 the ai " the chemde S S N .
As the aim of the chemical conditioning of sludges 1is usually to
reduce T £o below 1.0 x 101 m/ i i
: -0 below 1.0 x 10 7 m/kg to produce satisfactory dewatering
characteristics, the coagulant demand required to reduce r to
L o 12 . . .
O x 10 m/kg may be too lax a standard for use in comparative
studies. The minimum economically achievable r through conditioning

il &

may therefore be a more precise indicator of sludge conditionability.

2 During comparative tests on conditioner effectiveness it was noted
that the conditioners occasionally caused instability of some
sludges to the influence of shear forces. Maintainance of sludre
stability is considered by Gale (1977) to be an important consider-
ation in the selection of pumping gear and chemical conditioner, as
r is known to increase with increased shear forces applied to the

Y

sludge 1f a chemical conditioner therefore destabilises a sludge,
e, 1

[

T could increase on sludge pumping and pressing, therefore producing

unsatisfactory dewatering characteristics.

0o

It is therefore felt that the characterisation of any humus sludge

should include a measure of the degree to which that sludge can be

conditioned. and that the inclusion in this characterisation of an
e =Py

. - ol e J
assessment of the change in sludge stability to shear forces induced
2 L g

by nditioning may be of use in both the comparison of sludges and in
/ conditi 70

: 5 - Y s ! se 3 h. <
conditioner selection. In view of this opinion a 'Cost/dose'index has

. ‘ 1 4 i routine conditioning
: | bhagic data proV]Qed by the ro £

tests recommended by Gale (1977).
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The 'Cost/dose' index hag been calculateq ag follow

S:—
Cost/dose index =

Cost x r x (Conditioned Stability/Initial g ability)

Where:«-

Cost = Cos f the mi 3 i
Cost of the chemical dose used in conditioning test
(,{_\/T ) - .
@/ tonne dry sludge solids)

I‘ =

specific resistance to filtration of the sludge after
conditioning with the above chemical dose and 40O sec
stirring in a WRC high speed stirrer (40 sec shear,

= : . 2 . ‘ 12
r measured at 500 g/em”, in units of x 10'© m/kg)

Conditioned

It

Stability of the sludge to shear after the addition

Stability
of the above chemical dose
Initial = Stability of the sludge to shear forces after the
Stability
addition of 20 ml water to 100 ml sludge
and;s -
Sludge
Stability = (r after 10 sec shear + r after 100 sec shear) /2
to shear

r after 10 sec shear

The specific resistance to filtration of the sludge after conditioning

and 40 sec shear has becn used as a measure of the dewaterability of

the sludge after conditioning as it has been shown that this is approxi-
- - S - - -~ Ead b

mately equivalent to the shear forces experienced by the sludge in a

i

well-desirned full scale mixing system. The index 1s so calculated that

it becomes simply the product of the cost of the chemical dose used and
: Y T he) 1 I 1 o

the specific resistance to filtration that dose produces in the sludge

if the conditioner does not destabilise the sludge.

By taking the 'minimum' achievable Cost/dose index for any particular

sludge the index provides an estimate of how cost effectively the sludge

- N PN ~ gl . 1
can be COnditioned With low values onlLy ‘Oeln}:j pOSo.Lble for Q_.budge which
{4 1

12

fully conditioned to around 1.0 x 10 7 m/kg without any
sfull .

can bhe succes
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severe loss of stability, The ‘mlnlmum' uchlevable Value is obtiﬂned

by examination of the 5Dec1f]c re51stanc:

tg;filﬁ;afion af%er;conditioning.
If doubling the chemical dose used:fééd' /{ght lmprovement

in ¥, the lower chemical cost \ulatlon, together

with the r that chemical dose

Sludges were conditioned each month gsing/a}i solutlon of: aluh*ﬁium

chlorohydrate, while the polyeWectrolvte condﬂuloners Zetag E"‘a,nd Zetag

88 were used, in 1% and O;@% Bolutﬁons respectwveWy, for thrﬂe consecu-~

tive months to compare conditlon r eprctlveness,

the calib-

ration curve of Fig é 5 2, The calibpat
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>
" m/ke, measured

1

ration ( x 10

'S
L

Product of apparent specific resistance to fil

Fig. 4.5.2

> solids content (parts solids per

=

ar

at 500 g/cm2 pressure and 20°¢) and slu

900 parts liguid)

e to
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Biological sampling methods
' e e

Ll’m6

b.6.1  Biological sampling

Biological sampling was undertaken every three months on both the primary

and se ary fi 3 (e - -y
and secondary filters (Table 4.3.2.1) with the purpose of studying

seasonal fluctuations in - o tys s .
L0ns 1n invertebrate and protozoan abundance and diver-

sity and in biolosical film accumulation with filter depth. Biological

2

shafts, described in Sections 4.1 and 4.2, were used for these studies

SO

vroviding the opportunity to remove a column of medium from each filter

from which comparisons between the biology of each filter medium could

bz made.

The five baskets of medium from one of the random-fill medium filters
biological shafts were removed immediately after the distributor arm
had passed over the shaft. All five were removed, one after the other,
and placed individually in large plastic containers prior to being
carried to the field laboratory for study. In the laboratory the bio-
logical film was scraped from each individual piece of the medium and
from the sides of the bagket and this film was placed in the plastic
container used to transport the basket under investigation from the
pilot plant. A measured volume of distilled water - which varied from

0.5 1 for the small surface baskets up to 4.0 1 for large baskets in

which film levels were exceptionally high ~ was placed in a separate

plastic container and each piece of medium was thoroughly washed and

. - 1} - ~
scrubbed clean (using a toothbrush) in this water. The washwater was

then added to the gross film scraped from the basket and medium and the

. . , -
volume of the mixture was recorded before being slowly stirred by hangd

. S - J
enisati After stirring random samples of
to ensure complete homogenisatlole

. 0
100, 25 and 20 ml were taken. The 100 ml sample was oven dried at 105 C
, 2 > 1

¥ o 0 AY
to determine dry solids content, followed by ashing at 650°C to deter

as di t
mine volatile solids content. The 25 ml sample was diluted to 100 ml

- 109 =

VWUAHIER




using distilled water, ang then aerated for one hour prior to the
4 < JL L OL

preparation of two Microscope slides (after the mixture had been stirred)

which were then useq t stime . . ] . ) .
© © estimate protozoan humbers and species diversity.

m o0 < ~ . :
The 25 ml sample was emptied on to a tray and diluted to enable the

identification and counting of invertebrate species present. As the

volume of each basket was known (0,0069% ang 0.071385 mB for the small

UUAKRIER

and larpe baskets respectively) the numbers of invertebrates and the

welght of dry and volatile so0lids per m:5 filter medium could then be

calculated as follows:-
- 5
Film dry wt (kg/m”) =

Dry wt in somple(kg) x Vol film and washwater(ml)x 1

Z
100 Basket Vol(m”)

Film volatile solids wt (kg/mg) =

Volatile solids in sample(kg) x Vol film and washwater(ml)x 1

100 Basket Vol(mB)

3., ) 65,3
No. invertebrates per m”filter medium (x 107 /m”) =
No. invertebrates in sample x Vol film and washwater(ml)x 1
25 Basket Vol(mj)

The study of the biology of the modular media entailed the removal of

. _ o - . .
one of the surface units of medium, together with one of the units at

~ < T - Lln' e i fag ;
600 - 800 mm from the surface and the only unit at 1200 - 1400 mm from

the surface as outlined in Section 4.1. The film was then scraped off

and the unit scrubbed clean in a measured volume of washwater as for the

random-fill media. The procedure followed was the same as in the random-

£i11 media, although the volume of the units was not the same as in the
R f
baskets and therefore the calculations used in estimating film weights

‘e
and invertebrate numbers were altered accordingly.

The biological shafts of the modular medium filters were removed for
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-1v ]y 3 rotation S .
study in rotation, therefore nine months were allowed for recolonisation

before resampling in t} rimary g .
i 8 1€ primary and six months in the secondary filters.

Although four units were available for use

se at the surface and middle of

the modular medium filters, in practs
t um -YBI'S, 1n practice only thye e 5 ing
nly three were used, allowing

nine months recolonisation before resampling., Three months recolonisation
BN ~ 1 4l o . [ WAL

was allowed in the case I e ot 4n
i ase of the units at 1200 - 14C0 mm, and while it is

ccepted that this is -4 =hoy Coq . _—
a p : 8 1s a relatively short pericd of time, the practical

difficulties involved in the placement of more than one unit at this

depth outweipghed the benefits of replication,

During biological sampling periods the study of the biology of each
medium took one whole day, and each period therefore lasted for two
weeks. During this time routine chemical analysis of the feeds and
effluents was rarely possible due to the work load involved, althourh

at no time was the running of the pilot plant disrupted by the biological

sampling as the distributor arms were left running while each medium

was studied,

k.6.2  Neutron moisture meter technigue

Use of the neutron moisture meter enables estimation of the percent
saturation of filter medium voids at different depths without having
to disrupt the filter itself, and the results obtained c'n be used as

. ‘ . ' s 1ik1i i of
a rough guide to the condition of the film and to the liklihood of

. S 211v Tnds -
ponding at any depth. Low percent saturation of voids generally inda

cate that the film is in good condition while high percentages could

indicate that ponding is likely and the condition of the filter 1s poor.
The Wallingford Neutron Moisture Meter used in these studies consists

N Cey e .
of a probe housing a radiocactive source (Berryllium-Americium) of fas

. ¢ neutrons and a
neutrons. a counter detecting reflected and moderated Y
1

cribed in Section
- i he access tube (des
rate scaler. When lowered into the

- 111 -
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Hol) positionea in one of the filters the neutrons emitted by the probe

are moderated by colligi oy N ) |
J Bions with hydrogen atoms in water trapped in the

iological film, The - ) :
biologics m The density of the moderated neutrons which are

reflected back to the probe is detected by the scintillation counter

giving a reading which is proportional to the amount of liquid held in

the filter film and which can give a rough estimate of the volume of

film present through the estimate of the extent to which the void spaces

of the medium are saturated with wet film

iig

To enable the figures obtained by the use of the moisture meter to be
converted to percent saturation of voids in the filter medium, calibra-
tion was required. Each of the mineral filter media studied wes cali-
brated individually during each of the monthly studies with the meter
(months in which analysis was carried out are listed in Table Q,B‘Egﬂ)?
as Marais and Smit (1960) had found - when studying the moisture content
of different soils = that different materials require sevarate calibra-
tion. For the mineral media calibration consisted of filling a2 clean
180 1 o0il drum with the medium to be calibrated. The moisture meter
probe was then lowered into an access tube positioned centrally in the
drum and a reading taken with the medium dry. The drum was then filled
completely with water and a second('saturated') reading taken. All
subsequent readings obtained from the corresponding filter were then

converted to the percent of total available voids which were saturated

by the following equation

% saturation of voids = Reading obtained from filter x 100

saturated drum reading-dry drum reading

Calibration of the readings obtained from the plastic media was achleved

by filling a 60 1 polythene container - having a centrally placed mois~

. . a . o 1 . d wh

t) be was lowered into the tube as. the 100% saturation figure. It
ne probe

felt that this method of calibration would be suitable for plastic
was fe at :

- 12 -
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a3

medis L WALEH Lhe percent voidage was greater than,90%, although to
>3 L LCAL, 3 R

hieve true cal
ach ibration of m01sture meter readlngs thh actual,percent

saturation of voids in a hlgh rate ,1ter hav1no heavy *ungal film

would be very difficult owing to the d7

n meféﬁure content
of film which. is |

in good COHdltion and\f' in poor condition.

Neutron moisture meter readings were taken from each fllter on one gday

of each month (as outlined in Table 4 3 2 1;. Thp flow to the f17ter

to be studied was shut off for one heur bmfore readlngs were starbea

to allow excess sewage to draln from the L11ter. Two readlngs were

taken at each depth, with QO cm 1nterVAls between depths. No reudlngs

were taken at depths of ‘less than 20 cm from the surface as 1t has been

found that the m01sture meter can Droduce in ~resul+s 1f the

probe is used any closer to the surface (Marais and bmlt 1960) CareV”H

was taken not to allow sewage to enter,any of bhe accass tubes 1n~uhe

end sewago




> 1Lot plant nerrorranca
5.1 Seasonal fluctuations

ations in sewage Strength

The nature of the sewape r : y . )
Seéwage received by the flereford smy changed quite

A

markedly between 1978 ang 108 ; = .
N 776 and 1981, Figs 5¢1.1 = % show the monthly averaged

physico-chemical composits s T . . -
Py © position of the sewase during this period. It can

aseen the J1 e Nere - p : T
be seen that winlle there was a very )1gh peak in seware BOD’ 55 and COD

during the period September - Hovember 1978 when the apple crushing

(&8}
“hooa £ a9 s vy S 3~ 1 pr : + - 3 - P
phase of cider production was in progress, subsequent peaks attributable

to the discharge of cider wastes during the autumn of 1979 and 1980 wer

far less marked. The apple crop of 1978 in Herefordshire reache

¥

a
record level and the tonnage of apples crushed for cider production

{

during the autumn of this year was increased accordingly. ‘while the

r—t

level of BOD and 8S increased during the period September - November

1979 the increase was less than during the previous year, and there was
virtually no seasonal increase in these parameters during the same period
of 1980. The peak in COD concentration of 2000 mg/l during October 1980
was probably caused by the input of non-biologically oxidisable material
to the sewage system as the sewage BOD during this month was not

correspondingly high.

Results from the occasional analysis of the sewage for nitrogen content
in F 5 T ~aged NH_=N concentration was
are shown in Fig 5.1.3. <Tthe monthly averaged ! iy e 5

very low during the whole per ~iod of study, with the maximum recorded

. . . . my + P ;‘
concentration beinr 18.4 mg N/1, in April 1981. The total oxidised-

. v £ g ) amD 3 occa\c\lonalj r ha“ril‘lc
fifures are very variable at Hereford, with samples s 1y o
. , o
] ine the period Novemver 1950 -
quite high concentrations, as seen during o)

] pely £ 1 the practice of
April 1981. These figures are largely 1in nfluenced by the p

. o : e Dipn Road STW from outlying
tankering liquid sludges and wastes to th - a

are discharged to the head of the

(&8

. ~ I
areas of Herefordshire. These waste

. ‘he settled sewage guite
works and can affect the nitrogen content of the se TEeE A

- 1k -
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MALNKCULY e

! Fall i S . . it ,
The fall in the magnitude of the S?QSQR?lmlequ?tionﬁ7in sewage strength

over the three year period cam be attr f%égﬁefél factors. The

installation of improved prémffeéfméﬂf fa /tmthe c1qer Qroduc+ion,'\

works for the removal of seme of the ox1dloable materlal prior to dis-

charge to the sewerage system, lOllOWIHG Lhe revision of trade effluent

charges levied by Welsh Water Authority,fgraatly reduced th e loaa to

the sewage works. The closuxe of tne Vepetaowp Canning faétory in May

1979 and the fact that many 1ndustr1es were affected bv econgéic

recession also reduced the load con81d rabl#,}‘besplte these raductlons

in load the sewage at Hereford is stlll stronO for mlx&d domestio and

industrial wastes, and the fact that,the,n rOgén ntent of the sewage

is low (averaging less

tnap 15 ng: N/l) results 1/ : hlgh C N ratlo

tration, and seoondly tney wquld prov1de

rate filtration could be used
overloaded low rate biolog

the Bicn Road and Rotherwas
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Sel Mineral medium filter results

The mineral medium filters are described fully in Section 4.1, while
the media used and their specific surface ares (SSA) are listed in f

Table t,7.1. These filters had been in operation for three years before

~

the research project began and were therefore fully matured.

QUARTER

The nominal flow rate applied to the filters during the nine month

W

R i ) -0 . B b
period to September 1978 when the research project began was 5.6 m /m)ad,

and this was maintained as accurately as possible until December 1980
when attempts were made to increase it (Section 5.6). The only change
made in the operation of the filters prior to December 1980 was a reduc—
tion in the periodicity of dosing in May 1979 (Section 5.4). The monthly

averaged loading of conditions applied to the primary filters during

the period when full effluent sample analysis was maintained (September

1978 - September 19¢0) are presented graphically in Fig 5.2.1. The raw
data from which the BCD and COD loading rates have been calculated,

tormether with all the raw data from the analysis of primary filt

o]

T 5
seware and effluents,are presented in Appendices 5.1.7 = 9. The monthly

averaged hydraulic loading rates have been calculated from the flow rate

data collected on sumple days only, and the BOD and COD loading rates

&
presented in Fig 5.2.1 therefore apply directly to the monthly averaged ‘f%
I 2 ,}g
effluent sample composition data which are presented in Figs 5.2.2 - 6. .
From Fig 5.2.1 it can be seen that the monthly averaged hydraulic load- 2

ing rate applied to the mineral filters fluctuated between 3.63 and 8.13

ma/m5 d. and that the flow generally increased as the project proceeded.
T .d,
The distributor jets supplying sewage to the primary filters tended to

i : 5 | 1 accunmulated within the
be susceptible to blockage by gross solids which accumu W £

. ) ) - as intained at a reasonabl
distributor mechanism unless the flow rate was mai 11 a y

high level Months in which the hydraulic loading apnlied to the filters

fell are indicative of either periods in which the distributor jets
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became badly blocked (despite daily clearance of any such blockages),
or periods in which the Mono pump supplying settled sewage to the pilot
plant was not operating at full capacity due to mechanical problems.
Periods in which the sewage supply to the filters was lost completely

are listed in Appendix 4.3%.1.

The peak BOD and COD loads applied to the mineral filters correspond

to the peaks in sswage BOD and COD shown in ﬁigs 5.7.17 and 2, and, with
the exception of the extremely high COD loading applied during October
1979 which was mentioned in Section 5.7, can be generally attributed

to periods of apple crushing at the cider works. Most of the monthly

averaged BOD loading figures were between 1 and 2 kg mBQd? wnile most

. Z
of the COD loadings were between 1.8 and 3.5 kg‘;/m),d°

Data from the period when full effluent analysis was maintained are
presented in Figs 5.2.2 - 0 as monthly averages. While each filter
medium was duplicated in the mineral media filter, statistical analysis
(Students t-tests) of effluent quslity showed that there were no diff-
erences between duplicates and in order that presentation of the results
may be simplified the d:ta from each pair of filters has therefore been
averaged on a monthly basis. The data were treated separately however
in the comparison of filter performance by statistical analysis, pre-

sented in Section 5.7. Unfortunately no samples were taken during

June 1979 or April and May 1980,

The effluent BOD concentrations of the mineral media filters (Fig 5.2.2)

were all very similar during the two year study period, and followed

the seasonal fluctuations in sewage BOD quite closely. The very high
October and November 1978 resulted in

sewage BOD's recorded during

correspondingly high effluent BOD concentrations, although the fact
that good quality effluents were produced as soon as the sewage BOD
dropped sharply (as in December) indicates that the filters had not

~ 120 -
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been overloaded to the point where efficiency was badly impaired. Fig
5.32.6 shows that while BOD removal efficiency, based on percent BOD
removal, wis maintained at around 70% during October and November, it
fell to around 62% during December and increased to over 80% in January.

This seems to indicate that t although the filters have the capacity to

treat heavy orpanic lo cadings, if the

concentration falls suddenly
there will be a lag period before they remadjust to the lower loadings,
during which time removal efficiency will be slightly impaired. Al-
thoush the temperature of the sewage fell between November and December
as shown in Fig 5.1.2, this is not considered to be a contributory
factor to the change in filter efficiency, especially as temperature
fell apain between December and January while filter efficiency improved
during this time. Sewage and effluent monthly averaged temperature
data are presented in Appendix 5.71.7. Due to fluctuations in sewage
strength during the experimental period it is impossible to determine
whether any changes in filter efficlency were due to changes in sewage
temperature alone, although it is not bhelieved that temperature played

any major role in directly determining filter efficiency.

The efflucnt COD concentrations (Fig 5.2.3) were also very similar, with

ilter medium proving to be consistently more efficient than any

)

no
other. Effluent concentrations did not follow the sewage concentrations
as closelvy as in the BOD data and this may reflect the fact that the

seware varies in chemical composition and that the readily oxidisable

fraction of the COD is occasionally small.

Figs 5.2.4 and 5.2.5 show the settled and shaken sample effluent suspended

i 1 T g lids concentrations varied
solids contents respectively. The shaken soll

between filters and duplicates, althourh this can be reasonably expected

as the continuous sloughing of film by the filters increases the poss-

ibility that gross solids will appear in the samples. As gross solids

" QUARTER

QUARTER



were continuously discharszed by the filters, and as these solids were
occasionally of a very fibrous (fungal) nature it was often difficult
to obtain representative samples for the determination of effluent
shaken sample suspended solids content.

that samples

that very large solids should not be included in any sample. Pileces

of materisal which were considered large enough (greater than about &
cm in length) to block the automatic effluent samplers had they been

in use were therefore discarded and a fresh scmple drawn. Lecs than

one percent of effluent samples had to be discarded in this way. No
filter medium appears to have consistently discharged preater amounts

of suspended solids than the others. The settled solids contents of

iliustrating that the solids produced by the filter media were all
readily settleable to approximately the same suspended solids concen-—
trations. 'There was a peak in settled solids content of the effluents
in May 1979, despite the fact that there was no such peak in shaken
solids content, suggesting that the settleability of the solids had
deteriorated during this month. There were no obvious periods of
heavy sloughing of film and it appears that film is normally sloughed

continuously in small quantities.

. N . . = e 33! -~ N a3
Sludge production rate data are shown in Fig 5.2.0. The filter media
all produced similar quantities of sludge with no medium consistently

i 1 X 2 Y T 1stinc eaks 1ir
producing either more or less than the others. Two distinct p n

. ~
sludge production occurred. The first was during December 1970, when

sewapge BOD fell dramatically after having been extremely high during

: . o ' “his month is therefore
the two preceeding months. The peak during this mor

attributed to the fact that excess film accunulated while the BCD load

was very high was sloughed as soon as the scwage BOD fell dramatically.

The second peak grew gradually from December 1979 to March 1980 and may

Great care was taken to ensure

viere as representative as possible although it was decided

QUARTER
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have been due to the sloughing of film, as the purcent saturation of
voids recorded monthly during this period (Fig 5.5.1) showed a gradual
decline from the extremely hirh values which had been recorded in

December 1979,

~

Data from the analysis of samples for NH7?N content are presented in
Appendix 5.1.8 as monthly averages, Irom this data it can be seen that
the effluent samples almost invariably contaiﬁed greater quantities of
NHBmN than found in the sewapge. As the samples were effectively fixed

and preserved prior to analysis (see Section #4.%,%.1), the increases

in NI, -N concentration are real and reflect the changes occurring on

\

passage through the filters rather than experimental or analytical
error. The increases are believed to be due to the death and subsequent
lysis of cells within the filter film. This is a continuous process
within the film, with massive cell death occurring in anaerobic areas
which develop when the film thickness increases to levels which are

too great to allow the passage of oxygen by diffusion through the whole
of the film. If the base of the film dies in this way it can become
detached from the filter medium and the possibility of slousghing throuch
the action of hydrualic scour is increased. If the film does sloughn
there is a tendency for it to accumulate in small areas of the filter,
where the medium can become clogged and the film fully anzerobic. Lysis
of the cells in these areas of anaerobicity then releases the cell con-
tents to the sew ge and hence increases the NH3»N content, As the filter
film tends to become anaerobic in small localised areas, the dead film
tends to be flushed from the filter by hydraulic scour once the dead
material has been partially decomposed. The result is that at any time
some areas of the filter are undergolng periods of active film growth

and regeneration to fill the space left by the flushing out of dead film,
while others are dying due to the development of anaerobicity.

; some of th H, - lease
of active film growth will take up some of the cell hds N released by

- 123 =
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lysis of cells from the dead film in areas hisher up in the filter,

and will therefore affect the amount of NH3

~N released in the effluent.
This uptake of NHB«N will be by actively srowing fungi during periods
of low temperature and high sewage BOD when the rrazine invertebrate
population i1s suppressad by the influence of envir onmental factors,

and by fungi, invertebrates and protozoong at other times of the year.

If the film at the base of the filter dies and 1s sloughed following-

lysis, the dead cells contents cannot be used by actively prazing cells
within the filter and are discharged in the erfluent, resulting in an
increase in 2ffluent NHsuN content. There appears to be no seascnal
discharpe of ﬁH%mN by the filters and this correlates with the observa-

tion (made earlier) that the sloughing of biological film is continuous

throughout the year,

- 12k -
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53 Plastic medium filter results

The plastic medium filters are described fully in Section 4.1, while
the media used and their specific surface area (S8A) are listed in
Table 4.1.1. These filters had been in»operation for the same length
of time as the mineral filters and were therefore also fully matured

at the begining of the research project,

The nominal flow rate applied to the filters during the nine montr
period to September 1978 was 11.2 mE/mB,d and this was maintained until
December 1900 with the same operational changes as reported for the
mineral medium filters (Section 5.2). The monthly averaced loading

conditions applied to the plastic medium filters during the period

September 1975 - September 1980 are presented in Fig 5.2.1. The raw

' 4

data pertaining to the operation of the plastic filter are presented
in Appendicies 5.7.7 = 9, and the loading rates have been calculatsd

as for the mineral filters,

The monthly averaged hydraulic loading applied to the plastic medium

. - ng DD . . ,
filters ranged from 9.54 -~ 16.21 m"/m”.d for the Flocor M filter and
from 8.59 -~ 14.59 mB/m).d for the other plastic medium filters. Fluce
tuations in the nhydraulic loading applied were caused by the same
factors as outlined for the mineral medium filters, although the gradual

increase in loading as the project proceeded was more marked in the

plastic than in the mineral medium filters.

The peak BOD and COD loads applied to the rlastic filters again generally

corresponded to the peaks in sewage BOD and COD. Most of the monthly

]

— 7. 3 ~e 7
BOD loading averages lay between 2.5 and 6.0 kg/m”.d (2.75 and 6.70
kg/mj_d in the case of the Flocor M filter), while most of the COD monthly
3

averaged loadines lay between 4.25 and 5.60 kg/m” .4 (4,70 and 6.25

7 ~
keg/m”.d in the Flocor M filter).
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UVAR LN

UUAMIER




Data from the period September 1978 = 1980 have been averaged in the
same way s those from the mineval media filter and are presented 1in
Figs 5.7.1 - 5. Students t-tests again showed no significant differ-
ences between the effluent quality from duplicated filters and data

from each pair of filters have been presented as averages for simplicity.

Yo samples were taken during June 1979 or April and May 1980.

The monthly averaged BOD data (Fig 5.%.1) show that while the effluent
concentrations followed the seasonal fluctuations in sewage strength
quite closely, as in the mineral media, there was a greater spread in
the quality of the effluents achieved by the different filter medium
types. It should be noted that the Flocor M filter was filled with 11%
less medium than the other filters and therefore received an 11% preater
load per unit volume of medium, as shown in Fig 5.2.1. From I'ig 5.3%.1
1t 1s not immediately apparent which filter produced the best overall
performance, and 1t appears that the relative periormance of each medium
changed with the seasonal fluctuations in sewage strength. Statistical

analysis of the data shows this to be true (Section.5.7).

In months where the sewage BOD and COD reached peak values {(October and
November 1978, October and November 1979), the Flocor M filter tended
to produce effluents of lower quality than those produced by the other
plastic media. However, as the biologica film levels were low in this
filter at all loading rates (and the risk of ponding was therefore
always low (Section 5.5)), and the loss of efficiency at high organic
loadings was only slight (Fig 5.3.1, 2 and 6), higher loadings could

be applied to this medium in situations where effluent quality is not

of prime importance.

The suspended solids data (Figs 5.3%.3 = 4) show that the Ilocor M filter
tended to produce greater concentrations of both suspended @and settled

so0lids than the other filters for much of the experimental period. All

AZTD
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e <} s alra 4o .
media showed peaks in both shaken and settled solids which roughly

followed those obge 1 9in sews ;
3 bserved in sewage strength, although there was a slight

increase in both of the : e . v .
1 Nese parameters between January and May 1979 which

did not T e sSNo) b . .
L correspond to any changes in sewage comvosition. There is no

evidence from the Yata of aea .
4 e from these data of any regular seasonal offloading of film.

m - e 3 - . 3 s -
The sludee production rate data (flg 5.3.5) followed a similar pattern

Yy 3 ~N e 3 3 + " . . o
to that observed in the mineral medium filters although there were

greater differences between sludges and there was a third peak in Aug-

-

ust 1980, This peak corresponded to a marked improvemnent in the

ks ]

settlement characteristics of the effluent solids at this time - the )

settleable proportion of the effluent solids increased from approximately

| =
v/ . . . o/ N ) .
60% to approximately 70% between July and August 1980 - causing an
increase in the sludge production rate figures,
Data from the analysis of samples for NH_ =N content (Appendix 5.7.3)
3 o -
-
agaln show that effluent samples regularly contained greater concentra- '
tions of NH_~N than those found in the sewage. This phenomenon was 2
: ;
2 ;
more pronounced in the random-fill Biopac medium filters than in the
~
-

modular Flocor filters. The greater release of NstN to the effluents

throurh cell lysis in the random-fill media can be attributed to the

I
fact that the void spaces in these media, although constituting a sim- |
3 <

ilar percentapge of the total volume occupied by the media 85 {hose of N

the modular media, are smaller in size. The high levels of biological
film supported by the random-fill media therefore tended to clog the
void spaces more regularly than in the modular medium filters where .
biological film levels were lower (see Section 5.5). The resulting

localised areas of anaerobicity which developed caused cell death and ;«
in the random-fill medium filters, releasing NHB—N to the effluents

lysis

(as described in Section 5.2), The lower film levels supported by the
25 C S ". , . - -~ &=

modular media did not Dblock the void spaces of the media as regularly,
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and the release of NH3~N through cell lysis was therefore less marked.
Another factor in the development of anaerobic areas within the Tilters
is the ease with which biological film which has become detached from
the filter medium is washed from the filter. In the random-fill media
the cross-septae of each unit of medium_ tend to trap film as it is
washed down the filter, while the fixed and more open structure of the
modular media allows quite large pieces of sloushed film to be washed
directly from the filter without causing any localised blockages. Only
large pieces of sloughed film therefore become lodged and subsequently
anaerobic within the Flocor filters, and the resulting levels of cell
lysis produces less of an increase in effluent NquN concentration

than that observed in the random-fill filters.,

Operational shutdowns affecting the plastic medium filters are listed

v - . H
in Appendix “4.3.7s
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5.%  The effect of changing the periodicity of dosing on primary

filter bioleogical film levels and performance

While the effect of changing the periodicity of dosing on low rate and
A.D.F. filters has been well documented (Lumb and Barnes, 1946, Tomlinson
and Hall, 1955, Hawkes, 1955, Hawkes ané Shephard, 1970 and 1972), with
respect to both ecolegical and performance factors, very little gquanti-
tative research has been carried out to deterﬁine the effects of such
changes on high rate filters. Results of experiments at the Minworth
STW, Birmingham (reported by Eden et al., 1966), showed that in high
rate filters treating a municipal waste which tended to promote luxe
uriant fungal growth in the biological film, a reduction in the period-
icity of dosing from four to eipght minutes resulted in a reduction in
ponding difficulties at the longer dosing interval. Detailed studies

of the biology of high rate filters following changes in the periodicity
of dosing have not been made in the past however and efforts were

therefore made to undertake such a study at Hereford.

The periodicity of dosing to the filters was reduced by 50 percent

3
during May 1979, qhaging the dosing frequency from two to three minutes
on each filter bed. This reduction was chosen as it was considered
great enough to induce a change in film distribution if the lowering
of the periodicity of dosing was to affect high rate filters in the
same way as in low rate filters (i.e. to result in a more even distrib-
ution of film with filter depth, as reported by iHawkes and Shephard,
1972), without resulting in the peak hydraulic loading applied each time

the distributor arm passed overhead being sufficient to cause a loss

of filter efficiency.

Prior to the reduction in periodicity of dosing the biological film
levels in all filters other than Flocor E were high following the heavy

organic loading applied during late 1978. This is shown by the biolog-
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ical sampling results of Quarter 2.2 (Figs 5.5.3 - 8) and by the neutron
moisture meter readings of March 1979 (Figs 5¢5.7 = 2). Unfortunately
it had not been possible to carry out long term biological surveillénce
work on the filters prior to the change being made and it is therefore
difficult to dissociate the &ffects of “the reduced dosing frequency
from normal seasonal variations in film levels and distribution. It
should also be mentioned that although the neutron moisture meter is
believed to provide valuable data regarding relative changes in the
level of film present in any one filter, doubts are raised in Section
5.5 with respect to whether the data provide a true representation of
the percentage of void spaces of each medium which is saturated with

film.

It is not possible from the data available from the mineral medium
filters (Figs 5.5.1 and 3) to dissociate the effects of the change in
dosing frequency from seasonal variaticns in film level. Although one
month after the change had been made the average and maximum recorded
percent saturation of voids had fallen in each medium, and a further
fall was recorded during the following month, a similar though less
steep fall in film levels occurred during the same period of 1980 when
dosing frequency remained unchanged. Therefore, while it is possible
that the reduction in dosing frequency may have assisted in accelerating
the loss ofzthe high film levels present in the spring of 1979, it is

not possible to draw firm conclusions from the data available.

The biological surveillance data gathered before and after the change
in periodicity of dosing was made on the plastic medium filters are
presented in Figs 5.5.2 and 4., The weight of film supported by the
Flocor media was always low, and while the maximum film dry weight in
the Flocor M filter during Quarter 2.2 (Fig 5.5.4), before the change

in dosing frequency was made, of 25 kg/m) was the highest recorded in

aln
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this medium no discernable operaticnal problems were caused by this
weight of film. The fact that large numbers of enchytraeid worms were
present in this filter at all depths at the time (Fig 5.5.8) shows

that the film was in good condition., The reduction in film levels in
this filter and also in the Ilocor E filter following the reduction in
dosing frequency was probably the result of a normal seasonal decrease
in film accumulation associated with increasad temperature and decreased
sewage strength, followed by a further decrease caused by increased
invertebrate grazing activity, rather than as a direct result of the

change in periodicity of dosing.

Film levels in the two Biopac filters were extremely high before the
change in dosing frequency was made (Figs 5.5.2, 4 and 7), and in both
of these filters (but particularly Biopac %0) large areas of the medium
were completely clogged with filwm which had developed anaerobicity.
This was the direct result of the very high orsanic loadings applied
during late 1978, with the Biopac 50 being particularly badly affected
due to the fact that the dimensions of the veid spaces of this medium
are less than those in Bilopac 90 and are therefore more susceptible

to clogging. The poor conditions prevalent in these filters before the
change was made are apparent through the very low numbers of inverte-
brates found in Quarter 2.2 (Fig 5.5.7). These low numbers show that

the control of film levels through invertebrate grazing was impossible

at the time.

Reducing the periodicity of dosing had a rapid and pronounced affect

on the Biopac 50 filter film. The maximum percent saturation of voids
within the filter was reduced by 60% from a value of 75% to one of 20%
between March and June 1979 (Fig 5.5.2). The distribution of film with-
in the filter was more even in Quarter 2.3 (Fig 5.5.7) following the

change, and invertebrate numbers had increased to a level where they
il

could contribute to the control of the film level by their grazing

- LT -



activity. The beneficial effects of the change in periodicity were
short lived however, with film levels increasing by September 1979.
The changes observed in film levels and distribution with depth in
the summer of 1979 are attributed mainly to the change in dosing fre-
quency, as the neutron meter data show that over the period March =
June 1980 the maximum percent saturation of voids actually increased
slightly when the periodicity of dosing remaimed unaltered, while a
decrease in the maximum (and the average) percent saturation recorded
was apparent during the same veriod of 1979 when the periodicity of
dosing was reduced. The change in periodicity did not appear to affect
the performance of the filter, although due to the lack of performance

data for June 1979 firm conclusions are difficult to reach,

The effect of the change is difficult to assess in the case of the
Bicpac 90 filter, as the heavy film accumulated during the winter of
1979 -~ 80 (Fig 5.5.7) was contrclled in the following spring over a
similar time scale as in 1979, without any change in filter operation.
The observed reduction in film levels after the change in dosing fre-

quency may therefore have been due mainly to normal seasonal variation.

As the effects of the change were short lived in the Biopac 50 filter,
the method of control over bioclogical film levels appears to have been
purely physical. Bilological film which was either detached from or

only weakly attached to the filter medium because of anaerobic film
conditions must have been flushed from the filter by the increased
hydraulic scour. The Biopac 50 filter was more markedly affected by

the change in dosing Irequency than were any of the other filters because
the level of anaerobicity within the Biopac 50 film was greater than

in any other filters before the change was made, It is therefore evident
that for this method to be successful in reducing film levels a very

high proportion of the filter film must be anaerobic before any reduction

in dosing frequency 1S made. Once excess anaerobic film had been washed

oAl oo




from the filter the regular seasonal cycle of increased fungal growth

during the autumn months would begin, It is believed that while the
beneficial effects of the change in distribution rate were short term,
the fact that film levels were reduced early in 1979 allowed inverte-
brate grazing to continue for a longer period of time during the summer
than normal, and this may have prevented the level of film accumulation
in the following winter from reaching a level where ponding could have

occurred,

The mechanism of control of film levels by changing the periodicity of
dosing therefore differs between hizh and low rate filters. In low

rate filters the control may be nutritional, while in high rate filters

1t appears to be purely physical. If any degree of control over film
levels in high rate filters is to be exerted by this method either more
than one alteration in the dosing frequency would be required (i.e.
lowering the periodicity of dosing during periods when fthe film became
particularly heavy and anaerobic and raising it during subsegquent per-
iods when film levels were lower) or the distributor could be slowed
severely for a relatively short pericd of time when film levels became
excessive., The short term loss of efficilency which would accompany

the latter method would be balanced by the longer term benefits accrued
by the prevention of future ponding difficulties, although - as pre-
viously stated - a very high proportion of the biological film must be

anaerobic and largely detached from the filter medium before this

method could be used with any degree of success.

- a4h5



55 iscology and biology of the primary filters

551 Film accumulation measurements

Two methods were used in assessing the level of film accumulation with

¢

depth in the filters, as described in Seéction L 6, The results of

these assessments are presented in Fips 5.5.1 - 12 and Appendices 5.5.71

It is believed that the data from the neutron moisture meter (Figs

551 = 2) cannot be directly correlated with film thickness in any

iy

of the high rate filter media studied, nor can they be used to compare
accurately film levels between different filter media. The readings
are useful however in appraising relative changes in film level and
condition with time in any. particular medium, with very high readings

probably indicating very heavy film accumulation with the film being

in poor condition,

The film on all of the primary filter media was dominated throughout
the study by fungi, and it developed to great thickness on several
occasions in all of the random-fill media. The fungi present were
identified by Mrs I. L. Williams of Aston University, with the major

representatives being Fusarium aquaeductuum, Geotrichum candidum,

Subbaromyces splendens, Sepedonium sp. and Ascoidea rubescens.

Figs 5.5.% - 4 illustrate the seasonal fluctuations in film accumulation
in the primary filters, with marked increases in the weight of film
present apparent during late winter - early spring in all media except
Flocor M and E. Iigs 5.5.5 = 8 show variations in film dry weights

with depth.in each filter during the two year study period, torether
with sewage temperature data. Irom these figures it can be seen that

the greatest levels of film generally occurred during periods with the
- -

. emperature periods tended to incid
lowest temperatures. These low temperature pe to coincide
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with periods of strong se wage however, and from these data it is there-
fore impossible to ascertain which of these two Tactors exerted the
greatest influence on the rate of film accumulation. As the film was
found to be dominated by fungi it is possible that the sewage strength

was more important than temperature in determining film growth rates

(Hawkes, 1965a).

Comparison of the data from biological sampling of the mineral medium

€© -

filters (flgs 5.5.5 and 6) shows that the film of the two small media
tended to be more evenly distributed with depth and less variable with
season than the film of the two larpe media. There was a slirht ten-
dency for film levels to be hisher close to the surface of the filters
(level 2, 20 - 60 cm depth), although this did not alwavs occur. The
heaviest recorded film level in the mineral media occurred in the 125/75
Slag filter during January 1930 (Quarter 3.1, Fiz 5.5.% and 6) at a
depth of 60 - 100 cm (level 3). This accumulation of film was excep-~
tionally hiegh and almost blocked the filter, although BOD removal
efficiency was not adversely affected and the film accumulation mav

N

have been localised in the area of the biclogical sampling shaft.

The Flocor M and [ filters were never found to support heavy film accum-
ulations (Figs 5.5.4 and &), although the Flocor M modules occasiona 11y
exhibited a slight tendency towards the blockage of effluent channels
with sloughed film pieces, leading to localised ponding. This blockage
was never observed in more than two adjacent channels through any
module. The reason for the comparatively low {ilm levels found in the
two Flocor media is the open, ordsred structure of these modular media.
This structure allows the film to be readily sloughed if it becomes too
thick, and the sloughed film can be removed by the rapid downward flow
of the sewage without accunmulating in the filter. Biopac 50 generally

sunported the greatest quantity of film (Fig 5.5.7) of any of the media

studied. and was more susceptible to the developement of ana-robicity
hall I e - o
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in localised areas of very heavy film. Conditions within this filter
were occasionally found to be foul, and considerable short-~circuiting
of wastes through the filter must have occurred on these occasions to
avoid complete ponding. As with the mineral media there was a tendency
for the greatest film accumulation to occur in the top 60 cm of medium
in the two Biopac filters, while the two Flocor media tended to support
the greatest volume of film at 60 - #0 cm depth. With the exception of

the Ilocor E filte

v

=g

@

3 I . N
r (Fig 5.5.8), the film was generally less evenly
distributed with depth in the plastic media than in the mineral media,

and seasonal changes were more pronounced in the vlastic medium filters.

Althoush complete ponding was never observed in any filter medium during
the study there were periods when the seware drained only slowly from
the surface of the filters. If the sewage did not drain completely by
the time the second distributor arm had moved over the surface of the
filter this was logreed as ‘*slow drainage'!. Table 5.5.1 lists the
periods of 'slow dralinape' observed in the primary filters. On one
occasion (15.12.80), the drainage on both Biopac 50 and 89/50 Slag
filters becime so slow that 70 percent of the filter surfaces remained
of
under 5 cmlsewage after each pass of the distributor arm. This occurred

after very heavy sewage solids loadings had tended to block the distrib-~

utor mechanisms during late November and early December.

The slow drainage observed in the Biopac 50 filter is believed to have
been due to excevtionally heavy film levels frequently found between
50 and 60 cm from the filter surface. Biopac 90 did not show any per-
iods of slow drainage, and while the volume of film supported by this
medium reached excessive levels on two occasions (Quarters 2.2 and 3.1,
Fig 5.5.4) the film rarely becane anaerobic. Although both Biopac 50
and 90 filters tended to support very heavy film levels, the proportion

. : : i i S v i t
of the dry weight in Biocpac 90 film which was volatile was greater

) . . v tained a greater provortion
than in the Biopac 50 film, and therefore contai Brester proportier
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of living material.

Despite the seasonally high accumulation of film in the filters due to
hich organic loadings and low temperatures, in no instance was drainage

50 slow as t

o

badly affect filter efficiency, althousrh efficiency rela-

tive to other filter media was often affected (Section 5.7), and there

were no mw

4

S,

roblems associated with odour.,

5.5.2  The occurrence, abundance and distribution of invertebrate

species and micro-organisms of the film

5¢5.241 Invertebrate populations

The quarterly analyses of invertebrate abundance and diversity showed
that in all filter media there was a very low species diversity, with

Psychoda alternata and enchytraeid worm spp. dominant throurhout the

study. Despite this very low species diversity the fly population re-
mained under control and no fly nuisance problems were encountered.
The only other invertebrate species recorded in the filters were

Tubifex sp. (found in low numbers in some of the mineral medium filters

during Quarters 3.1 and 3.2), Sylvicola fenestralis, Naid worm sp. and

Chironomid sp. larvae (single representatives found at the base of the

Flocor M filter during Quarter %.2). The larvae of Fristalis tenax

were occasionally recorded in the effluent sumps and twice in the

primary sewage header tank, but never in the filters themselves. Results
of the quarterly estimation of invertebrate abundance are presented in

8

.

Figs 5.5.5 - 8 and Appendices 5.5.7 =~

Figs 5.5.5 - 8 show that the numbers of invertebrates present in the
filters did not follow any regular seasonal pattern. In most of the
random~fill filters the numbers of invertebrates present was lowvest
when the film dry weight levels were highest, which would suggest that
they cannot survive well in heavy film accumulations. An exception to

b



this observation was the 125/75 Granite filter (Fig 5.5.6). During
Quarter 2.2 the number of invertebrates present was very high, while
film dry weight levels were also high, indicating that they can not
only survive heavy film accumulation but that they can reach sufficient
numbers under such conditions to actively contribute to film control
by grazing. During Quarters 3.1 and 3.2 in the same filter the number
of invertebrates present was very low, although the film dry weight
level was alsc low. The fall in the Psychoda and enchytraeid worm spp.
populations observed in most of the filters as film levels increased
cannot therefore be attributed simply to the increase in film volume.
However, the fluctuations observed in the invertebrate population size
arc believed to have been caused by changes in the biological film,

rather than vice versa.

Filter media in which the film was observed to have been anaerobic at

some section of the filter depth are listed below.

Quarter during which Filter medium
anaerobicity of bio- affected
Jogical film was

observed (using the

biological sampling

technique)

362 89/50 Granite

2.2, 3.2 125/75 Slag

32 89/50 Slag

3e1, 3.2 125/75 Granite

2.2, 5y Dedu Biopac 50

22 Biopac 90

—— Flocor E
Flocor M

The periods in which anaerobicity was observed within the filters can

be seen to correspond closely with periods of low invertebrate numbers.

It therefore appears that the condition of the film was more important



in determining invertebrate numbers than the actual film level or film
dry weight content. Heavy film accumulation in which the film remains
healthy with hirh solids content and low water content encourages
invertebrate grazing activity, while heavy film accumulation in which
the film begins to decompoée, with low sclids content and high water

I .

content, discourages invertebrate activity.

th2 invertebrate nopulation of each filter was therefore

N . ¥
The size of

largely controlled by the volume and condition of the biological film,
and also by temperature., In circumstances where the film was in good
condition and under favourable temperature conditions, the invertasbrate
populations could increase to a point where control of the film accumu-
ation rate was possible throuzh grazing activity. Under most circum-
stances however the role of the invertebrates in film control is
congidered to have been minor. In the modular Flocor filters where
film levels were always low and the condition of the film relatively
good, the pgrazing invertebrate population may have been able to exert

a greater controlling influence over the accumulation of film.

5.5.2.2 Protozoan and other micro-organism populations

The biological sampling of the primary and secondary filter films
included microscopical examination to determine the species diversity
and relative abundance of the protozoan population, together with an
assessment of the abundance of other micro-organisms such as nematode
and naid worms and rotifers. These studies showed that both species
diversity and abundance were frequently high, and while no species dom-

inated. nematode worm spp., Opercularia microdiscum and flagellate spp.
bl

were -lmost universally present. Table 5.5.2 lists the species found,
while Fips 5.5.9 = 12 illustrate the composition of the micro~organism
population of the film with filter depth over a twelve month period.

The relative abundance of the flagellate population was not assessed,

A ™ e



and is not included in Figs 5.5.9 - 1

[AV]

@

The list of species found in the pilot plant (Table 5.5.2) is extensive.

« .- - . . .
Several of these specles have not been reported as occurring in biolop-

2 . ’ a2 — .
ical filters (Curds, 1975). These are Pseudoglaucoma muscorum,

1- g - . - .
Zoothamnion bygmaeum, Climacostomum virens, Aspidisca sulcata,

Podophrya carchesii and Tokophrya quadripartita. Curds (1969) reports

the saprobic conditions under which ciliated protozoa have been found
in activated sludse plants, with P. muscorum clagsified as polvsaprobic

Y

4. pypmaeum of unknown saprobic preference, and C. virens, A. sulcata,

P. carchesii and T. guadripartita usually found in B-mesosaprobic

conditions. P. muscorum was found only twice in the pilot plant, onc

in the 125/75 Slag filter and once in Biopac 50, under relatively poor

film conditions. 4. pygmaeum, P. carchesii and T. quadripartita were

5

only recorded in those filters supporting low volumes of film and dur

2
(g

periods when that film was in good condition. C. virens and A, sulcata

were found in very low numbers and too few representatives were recorded

to discuss their saprobic

el

preferences. Most of the ciliated protozoa
recorded in the filters were usually found under the conditions of
saprobity expected from the saprobic classification given by Curds (1969).
It was found however that areas of healthy, freely draining film were
occasionally adjacent to areas of heavy anaerobic film. Under such

film conditions the use of ciliated protozoan species to indicate the

peneral condition of filter film may lead to inaccurate conclusions.

NS

Different numbers of species were recorded in the different media of
the pilot plant (Table 5,5.2)s The random~fill priamary filter media
all exhibited similar species diversity, although the two Biopac media

contained marsinally more of the species which are usually found in

\Ji

-
«D.2

5]

nd Figs

N
s

|

s

O
f

] - m
rditi in activated sludpe plants. Table
poor conditions in :

12 show that the species diversity and abundance cof the micro-fauna of

Al
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hnl . . . ) . ) ' ‘
the ¥locor media were higher at all times during the study than in any

y
ot

the ran

° adom-f11l primary filter media. The two Flocor media were

found to be the only primary filter media which did not exhibit a
marked tendancy toward the development of anaerobicity of heavy film
accunulations (Table 5=5.1); and this is believed to have been an
important factor in determining the size and composition of the protozocan
population. Of the two modular media, IFlocor M supported the heaviest
film levels and also supported the lowest numbers of protozoans (Fig
5.5.12)s In the random-fill media there was also a general inverse
relationship between protozoan numbers rresent and film volume and
condition. This was particularly pronounced durine Guarter %61, when
film condition was found to be poor in most of the filters and protogzoan
numbers were correspondingly low. The ciliated vrotozoan population

was completely eliminated from the middle sections of the Biopac 90
filter during this period, with the only protozoa present being

D Kx

flapellates.

While there were generally more peritrichs close to the base of each
filter, and occasionally sreater numbersof amoebae close to the surface,
the protozoan zonation with depth was not as pronounced as it has been
reported to be in low rate filters (Barker, 4946). This is due to the
fact that film conditions frequently did not improve from the surface

1 x

to the base of the filters because of the high orpganic loadings use

. L o on
and the resulting high BROD effluents.

'Y b 2



Table 5+5+1 . Periods of Primary Filter Media

Month in which
"Slow drainage!
observed

Dec 1978 8light, localised)

Jan 1979 zht, localised)

Feb Slag’ 89/50
_;CDuring period

Mar &

Aér

Oct -

Név”

Jan 1980

Feb

Jan 1981
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Table 5.5.2 ¢roto?o§n specles found in pilot plant

Species

VL 0
TRERS

89/50 Granite
125/75 Slag

50

Riopac

Flocor M

o
el

Flocor R

A

£

ocor R2S

w1
EORR

Flagellate spp.

E

Amoebae

Amoeba guttula
A. proteus
Vahlkampfia limax

Amoeba sp.

Holotrichia

Hemiophrys fusidens
H. pleurisigma
Litonotus carinatus
L. fasciola

L. lamella
Spathidium spathula

Trachelophyllium pusillum

Chilodonella cucullulus

C. uncinata

Colpoda cucullus

C. inflata

Colpidium campylum
Colpidiwn colpoda
Glaucoma scintilldans
Pseudoglaucoma muscorum

Tetrahymena pyriformis

Uronema nigricans

Cinetochilum margartaceus

Paramecium aurelia

S ——

+
+
+

+

4

4




Table 5.5.2 (Cont.)

Oxytricha ludibunda

PRIMARY FILTERS SECONDARY
— : FPILTERS
MINERAL PLASTIC
(3]
® +
T w B
w 8 8 q 0
. 8 0§ o Qg i v QO
Species r(;}! H @« O TaN N o= M ~ o
ToNNTN o o N R
o o I~ I~ g g o O o 0
mn 1 T N (&) (&) (&) (&)
N~ X Ny s} (s 0 o) O o}
o Cy ol o ot o ~ 1 i
o« - <~ 28] M [CTRCH [z fey
P. caudatum + 4+ + + + +
Species X + 4+ o+ o+ + o+ o+ o+ + o+
SpeCieS Y + + + + + 4
Peritrichia
Carchesium polypinum + o+ 4 + +
Epistylis plicatilis o+ o+ + + +
E. rotans + o+ o+ o+ S S S + 4+
Opercularia coarctata + + o+ + + + + + 4 +
C. curvicaula + + +
0. microdiscum + o+ o+ o+ + 4+ + + + +
O, minima + + + + + + + + +
O. phryganeae + + 4
Vorticella aequilata + o+ + + + +
V. alba +
V. campanula +
V. convallaria + o+ % + o+ o+ 4 + 4
V. fromenteli + 4+ +
V. hamata +
V. microstoma + o+ o+ o+ + + +
V. striata + +
Vorticella spe. + + + + +
Zoothamnion pyzmaeum + + + + +
Spirotrichia
Climacostomum virens +
Aspidisca costata + o+ + o+ 1 + +
A. lynceus * *
+
A. sulcata +
Euplotes moebuisi + 0+
Opisthotricha similis +
: +
Oxytricha sp.
+




Table 5.5.2 (Cont.)

PRIMARY FILTERS SECONDARY
FILTERS
MINERAL PLASTIC
©
o £
+ o
w H o4 8 %
h ol
, S L9 8RR & = m 2
Species BC N o © L S £ 5
Q Qo o~ I~ SR o o) o o
N L £ Q O ) ©
D T O TN o o ©& o o e}
XN A o A
0 O v = M M [ [COR €3
Tachysoma pellionella + + + +
Spirotrich ap. +
Suctoria
Podophrya carchesii + +
P ° fixa +
P. maupasi + + +
Sphaerophrya magna +
Tokophrya mollis +
T. gquadripartita + +
Other micro-organisms
Nematode worm spp. + o+ 4+ + + + + + + +
Naid worm spp. + o+ o+ 4+ + + + + +
Rotifera spv. + 4+ + + + + + +
Total no. of species 20 25 22 25| 21 21 39 33 | 45 =3
recorded
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Fige 5.5.3 Biclogical sampling results., Mineral medium averaged

biclogical film weights,
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Fig. 5.5.h
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Key to Figs 5.5.9 - 12

N -~ Nematoda

H - Holotrichia

P - Peritrichia

A - Amoebae

R - Rotifera

Sp =~ Spirotrichia
Su =~ Suctoria

Na <« Naid worm spp.

M ~ Mite spp.

Scale = Numbers per sample (circle diameter) of ciliated protozoea

other micro-organisms (excluding flagellated protozoa).

1 - 80 121 - 160 160
§ IO
byt b
1 = Lo 81 - 120
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5.6 i__g_ggfmencm:&_&gﬁ;@:@ﬁ_ﬁj@gﬂuhc loading on filter efficiency

Attempts were made in late December - early January 1980 - 81 to increase

the hvdraulic loadinge appl- - :
yare cadings applied to the primary filters, so that short-term

L -~ £ S o ~ .
observations of the effects of such ncreases on filter performance

~

could be mrade. Unfortunately it was found that the desired 25 percent

ncrease 1n flow of sewage to the filters could not be achieved due to

. .4‘. . . .y . - . + ’- 3
limitations in the capacity of the relevant Pipework, and althousrh
observations of the BOD removal efficiency of two of the filter media
were continued until May 1981, the flow rates applied were not markedly
different from those avplied during the rest of the study period (results

presented in Appendices 5.1.71 and 2).

=y

1

rom an operational view point it is desirable to set the maximum load—
ing conditicns tolerable by each filter medium without consequent loss
of removal efficiency. Table 5.6.1 presents the maximum loading condi-
tions applied during the study, and from this Table it can be seen that
the removal efficiency of none of the filters was badly affected by the
maximun loadings applied. This illustrates that each of the filter media
had the capacity to treat very high loadings for short periods of time.
The lonp~term effects of such high loadings on filter ecology and per-
formance were not assessed however, but as film levels were occas ionally
observed to reach very high levels in the random-fill media - particularly
. 5,3
Biopac 50 - the nominal hydraulic loading conditions of 11.6 m”/m” .4
and 5.6 mB/mB.d on the random-fill plastic and mineral medium filters
respectively, using Hereford municipal sewage as feed, are believad to
have approached the highest possible without risk of severe loss of

o C jul nedium filters could withstand
efficiency due to ponding. The modular me

. . . o~ . \'. 41 s
much hisher loadings without the risk of ponding as they showed no

= t sucl adings would inevitab)
propensity to accumulate heavy film, but such loadings nevitably

result in a fall in removal efficiency.




Table 5.6.1

September 1978 = April 1987

Maximun loading conditions a

prlied to the primary filters,

BOD

kg/m” .4

Cob

3

kg/m” .4

Flastic Medium Filters

Maximum Loading
Applied

10.0h (11,58
Flocor M)

Flow
Z Z

m)/m).d

s i
2.62 (26,24

e

Flocor M)

16.74 (1860
Flocor M)

Date Applied

1%4,11.78

Filter Performance

% BOD Removal

29.10,79

- 7 1:‘\.
5.0.¢0

% COD Removal

% BOD Removal

Biopac 50 64 L 82.3 624
Biopac 90 64 .0 7.2 60.5
Flocor B 62.8 88.0 63.6
Flocor ™ 62.8 85.5 58.9
Minerazl Medium Filters

Maximum Loading 5.27 14,22 .22
Arplied

Date Applied 1h.11.78 22.10.79 6.3.80

Filter Performance

89/50 Granite
125/75 Slag
89/50 Slag
125/75 Granite

% BOD Removed

N O O O

oON 2 o 2
Q L]

Do a2 WO

@

% COD Removed

82.1
87.4
89.0
87.8

% BOD Removed

(o)
o0

.0
1

N N2
W

7

2e

-3
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5,7 Comggggﬁive filtgﬁmg§diq“performance

i + ~ : 5 )
In order to determine whether there were any statistical differences

" .. ~ N
between the performance of different filter media a series of statistical

< . ae £ Y 3 SNy - - N .
analyveses of the data was carvied out. These analyses consisted of group=-

~

ing the data into cvarterly sets and analysinsz each Quarters data sep-

arately to determine whether any filter medium performed either bstter
or worse at any particular time of the year. 'ﬁs the sewage strength
changed seasonally, different Quarters were supnlied with different
sewage strenpths, and it was hoped that this method of analysis might
reveal more of the loading tolerance ranges of each medium than an over-
all analysis of the results from the two and a half year period. Two
way analysis of variance followed,where apvropriate,by Tuckeys Comparison
of Means Test (Winer, 1971), was carried out on each Quarters data and
the results are summarised in Tables 5.7.7 - 8, Tables 5.7.9 and 5.7.10
summarise the overall effluent quality figures obtained from the filters.
In no instance has the performance of the mineral medium filters been

compared with that of the plastic medium filters.

There were no obvious differences between the performance of the mineral
media and the analysis of the quarterly data emphasise this fact (Tables
5.7.17 = 4), While the differences in effluent quality are statistically
significant in many cases the actual range of values obtained in any
arters data was not great. The performance of the small media was
generally good, although during Quarters where film levels increased

s 2

(Quarters 2.2, 3.1, 3.2 for 89/50 Slag and Quarters 2.2, 2.4, 3.1, 2.2

for 89/50 Granite) the condition of the effluents deteriorated in

comparison with those of the large media.

The overall averages of performance data (Table 5.7.9) illustrate that
the sludge production rates and settled and shaken sample suspended solids

. -~ o 17 ar o n
contents of the mineral media were all very similar. The lowest BOD
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was produced by 89/50 Slag, as was the lowest COD. 89/50 Granite nro-
duced the second lowest averages of these parameters and 125/75 Slag
and 125/75 Granite the third and fourth respectively. This order
corresponds roughly with that of the media $SA. In no respect can the

15 £F PN £ . N .
differences in effluent quality be described as marked however, part-

icularly in view of the fact that these are primary roughing filters.

The quality of the plastic media filter effluents fluctuated more widelv

. } . S S . \ o .
with season than was found in the mineral media filters, and some of
the plastic media p i to to « i il
the plas l1edla provea to be more prone to seasonzl changes in effi-

clency than others (Tables 5.7.5 = 8). The two modular media always
supported low volumes of film and were therefore never subjected to
impairment of efficiency caused by ponding. The mndom-fill media tended
to support excessively heavy film levels as mentioned earlier (Section

o\

5.5), and because of this filter efficiency ¢

[oN

leteriorated during Quarters

o3

5.1 and %.2. Bilopac 50 tended to be more susceptible to such changes
than Biopac 90, and it appears that Riopac 50 either produced the best
or the worst quality effluents depending mainly on film accumulation
levels. The Biopac 50 medium is therefore more suited to a situation
where the sewage strensth is not too high and the C:N ratio does not

promote as heavy fungal growth as found at Hereford. In such a situation

1t could be expected to produce consistently good performance.

Tables 5.7.5 —« © show that the performance of the Flocor M medium was
consistently poor in comparison with the other media, and that the
relative efficiency of this filter improved only through the deterior-
ation of efficiency in the other media. TFrom these analyses it would
appear that the Flocor M medium was not suitable for use in treating
Hereford municival sewage. llowever this filter was loaded at an 11%
higher rate throughout the study than wzre the other media tested and
the effects of this increased loading on filter efficiency are difficult
to assess. As the biological film levels of this medium were always low

a4l



N ~ : . . . . . . o
it would be most suited to a situation in which excessive film accumula-

! roul all ot - . .
tion would normally be expected to cause severe ponding in random-fill

media, for instance as a true roughing filter for the pre-treatment of

wastes having extremely high C:N ratiog.

The performance of the Biopac'QO and Flécor E was similar in many
respects, although the Biopac was more susceptible to slizhtly impaired
efficiency due to hirh film levels as mentioned earlier. when the data
are analysed as in Tables 5.7.5 - &, Biopac 90 appears to have performed
slishtly better than Flocor &, although the overall averages (Table
5.7.10) show that the differences were small. The 90 percentile figures
for Biopac 90 are generally lower than for Flocor E, showing that very
high values of each parameter are less likely in the random~fill medium.
The differences in performance between these media were slight however
and reflect the fact that they have the same 3SA. Wither of these fwo
media would appear to be suitable for use with wastes of the type

encountered at Hereford.

On averaging the data from Quarters 1.4 - 3.4 it was found that the BOD
load removed was linearly related to BOD load applied (Figs 5.7.1 and 3),
and the same relationship was valid in the case of COD loads (Figs
5.7.2 and 4). On pooling the quarterly averaged data from all the pri-
mary filters (Fig 5.7.5) the relationships were also found to be valid
and the correlation coefficients high. The.equation of the line for
each filter medium represents the overall filter efficiency and could
be used in the prediction of filter performance when using Hereford
municipal sewage. The equation of the lines obtained by the pooling
of all primary filter data could be similarly employed for high-rate
filtration in peneral - provided always that hydraulic loading rates
3,5

i i 5 “/m”.d for mineral medium filters
did not greatly exceed either 5.6 m”/

or 11.2 mB/mB d for plastic medium filters and that ponding could be

avoided.,
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As the relationships between load applied and load removed were linear

in each filter medium, it is assumed that the filters were not over=-

loaded during the study and that the maximum orgenic load removal

. 1+ £ 1% N - ) N N 7
capacity of the filters (found by Bruce and Merkens (1970) when treat-

ing domestic scwage) was not ‘reached. However, as mentioned in Section

5.6, the random-fill filters are helieved to have been loaded at a
level which approached the hirhest possible without risk of ponding.

Conclusions regardins the performance of the Primery filter media are

made in Chapter 9,
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Tabl@ 5-?‘1 St—xtic 1 .
- utlaal_ﬁ?ﬁ%l?&ﬁ_?f S5easonal changes in effluent guality.

Mineral medium filter effluent ROD
ffluent RQ

Guarter Ascendine o .
| wscending order of averaged effluent BOD concentrations
meg 71t STt e C o
(mg/1)  with filter sector no. and statistically significant
differonces
) s - . )
T filter No 3 9 2 L
X 190,73 194, 8 202.0 217.8
Y T n *
26 Filter Mo 3 1 2* Ly
X 52.3 5302 54.9 60.5
2.2 Filter No Iy 2 1 3
X 65,5 67,1 70,7 72,6
2.3 Filter o 3 1 2 Ly
X 65 .4 70,7 76.2 83.9
* *
2.k Pilter No 3 i 17 2
x 116.5 118.3 126, 124,
2.1 Milter No Ly 2 3 1
X 68.7 735 78.0 70.0
3,2 Filter No b 2 1 >
— 7 ! & o
- 61.7 66.9 74.6 775
-7* + 1‘$ k3
2.3 Filter MNo 3 1 " 2
X 64,5 69,3 31.4 83,8
% 1 R 1 3 2 b
3.4 Filter No 2 . '
- 40.9 42.9 46,2 53.5

Pairs of filters joined by solid lines have non-significuntly

Where: -
difforent quarterly averages

¥
. o + ~ , N
Pairs of filters with , , or - effluent quarterly averages

differ @ 59 level of t
Non-connected pairs of filters in any particular Quarter - effluent

LA ] PN TR B S
quarterly averages differ @ 1 level of €
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Mi

atisti
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neral

—

Luarter

P al

Y]

AN
e
Y

Where: -~

Palrs

different quarterly averages

o a

medium

sirnifi

Pilter

Milter

1

s
r

Filter
X

Mlter

X1

|
¥

of filt

effluent

con

1t differences

e
e}

n Y
Mo

&

2
o]

Mo

ar

cal analysis of seasonal chan

settled

re in effluent gqualitye.

«

[

of averar

with

filter

effluent settled solids

sectors no's

. 22 Yy
and statis

2 % L 1
25 G 100 107
% &
L 3 1 >
= ‘ y N
o0 511' ‘)6 5)8
b 2 1 K
/7 72 72 7l

-

b7

~ g

L

]

[

o

N
o)

* 4
Ly 1 3 2
50 oY 58 59
4 1 3 2
56 56 57 5
1 L 3 2
50 Sh 5k 56
/t ES 2 ! &
Ll Lo 51 5%

k3

Pairs of filters with ,

differ
Non-connected pairs of filters

) 4
quarterly averag 2017

@ 59 level

a5 differ

of t

. 178 -

level of t

in any particula

ri

e

L

joined by solid lines have non-significantly

erly averaces

Quarter - effluent



572 OStatistical = o £
Jeler 2rallStical analysis of seasonal changes in effluent quality.

AL medium filter effluent shaken solids

D

uarter Ascendinﬁ order of

=
<
o
=
I
&
®
®
-
[
I
>
3
ot

shaken solids concen=—
trt.\‘ 3 1o 3 A- ). o
ation (mg/1)  with filter sector no's and statistically

significant differences

1.b Filter lo, b

o
A
o

5
o
O

N
e
-

N
v}
RN

NN
b
)
N

27 Filter No. 4 % 2 1

X 125 128 142 iy

. . * %
2.2 i'ilter No, 1 b 2 b

x 141 143 1 149
2.3 Milter Mo, 7 L 1 2

~N

N
0
RN
N
~J

1

—
v

X 115 11¢

2.h Filter No. L 3 1 2

X 112 120 141 15%

E3 ¥
2.1 Filter Fo. 3 b 2 1
% 131 136 1%9 153

2.2 Filter MNo. L 3 2 1

X 122 122 126 sl
) Tilter No. 3 1 L 2

X 113 114 114 123
3.0 Pilter No. L 3 1 2

3 106 115 125 1752

. . S 53 Tan v P A
“Yherce:- FPairs of filters joined by solid lines have non-significantly

different quarterly averages
. - X + o e

Pairs of filters with , ,or - effluent quarterly avera:;os

differ % 5% level of t

Non—connected pairs of filters in any particular Quarter - effluent

i -3 .
quarterly averages differ @ 1% level of t
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Dl Shats et ot . 4
5.7 :LEELEEEZiLJEEEEEEELPf seasonal changes in effluecnt guality.

Hlnef&&_ﬁgggypwﬁglter effluent COD
oo T neldt VU

Juarter Aocending order '

y Y atcendine order of averaged effluent COD concentrations
{ 3 -
mee/ ] R - . . . . . PN
(/1) with filter no's and statistically significant

differences

1.0 Filter No. 3+ " 2 L

X 308 302 %23 330
2.1 Filter No. 1 ) ES 4

= 2 r

. 153 154 154 158
3 R -
el “1ilter N A > K

Filter Wo. L 2 1 3

X 171 175 177 185
2.3 Filter No. 3 1 2 L

X 170 186 188 202
2.0 Filter No. 3 L 1 2

X 223 239 245 2L6
. e +* *
%, Tilter No. L 2 3 1"

X 172 175 180 151
3,2 Filter Ho. 4 2 1 3

543 Filter No. 1 3 ) L=
X 183 186 203 205

— * -+ * -

B Filter No. 1 3 b 2"
X 168 174 185 109

Where:- Pairs of filters joined by solid lines have non-gignificantly

different quarterly averages

N
. . - +
Pairs of filters with  , or - effluent quarterly averares

differ @ 5% level of t

Non-connected pairs of filters in any particular Quarter - effluent

E Laray a7 of o~
quarterly averages differ @ 1% level of t
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Statistienl analves . . e .
;_g:gﬁj}ggi_3§§1351s of seasonal changes in effleuent guality.

o

‘lastic medium filter effluent BOD

cuarter Ascending order xr e s . e , .

nart Ascending order of aversged effluent BOD concentrations
N \ .y .

(mg/2) with filter no's und statistically significant

differences

1.k Filter No 9 T 10 11 15

x 241.0 2440 252.0 258.,8
21 Filter No 10 11 15 9

X 8.9 36.0 99.6 109.7%
242 Filter Mo 9 11 15 10

X 72.8 728.2 80,7 105.8
2D ¥ilter No 9 10 11 15

X 70.0 82.3 105.1 125.0
2.0 Filter No 9 10 11 15

x 139.0 1,6 164,6 1741
21 Filter Mo 11 15 9 10

X 69,0 80.0 90.0 93.6
3.2 Filter No 11 15 10 G

X 63.3 754 91,3 92.7
3.5 Filter Uo 9 11 10 15

” 74,9 85.0 90.0 90.1
3.k Filter Wo 9 10 1 15

Z 87.1 113.% 152,41 161.6

) oo IR VR I el oni Flaant v
Where:~ Pairs of filters joined by solid lines have non-~significantly

different quarterly averages
- % + ,

Pairs of filters with , , or - effluent quarterly averagss

differ @ 5% level of t

Non-connected pairs of filters in any particular Quarter - effluent

. a3 !
quarterly averages differ @& 1% level of t

- 181 -



Table 5.7. 6 Statistical analy

Tuarter

]
)
o )

ro
N}

°
€
s

[AS]

N

™
-

AN
e
Y

N
A}

NS
9
"N

\
5

s1s of seasonal changes in effluent quality
Y oy end 3 Qo oo
tiastic medium filter effluent settled solids

Bee Bl N SArATY e 3 £ 4
tscendine order of averaged effluent settled soli

(mg /1)

ds
3 v . . . N N . . . . . . N - ~
with filter no's and statistically significant differences

Filter MNo g . 10 11 15
* 95 03 107 111
n n ’ ke E
Filter Ho g 10 11 1%’
X 56 57 65 69
AR N * %
milter Mo 9 10 11 15

- * *
Filter No 9 10 11 15
z 48 51 61 71
Filter Ho 10 9 11 15
% £8 69 &6 95
Filter No 9 10 11 15
X 58 59 63 bt
Filter Uo 10 9 15 11
; 53 5 z 6
Filter No 9 11 10 15

vy * .
ilter Mo 9 10 11 15
X 55 7h 38 a0

Pairs of filters joined by solid lines have non-signi

different quarterly averages

f filters with , 4 or ~aeffluent quarterly

Pairs o
differ @ 5% level of t
Non-connected pairs of filters in any particular Quarter - effluen

quarterly averages differ @ 1% level of t

- 1RkR> o
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Table 5.7.7 Statistical Jﬂdlv sis of
TRy LTELE ¢

Plastic medium effluent”

Cniarter A P
harter Ascending, order of : awverared effluent shaken ac

’s 1 Y £ had o~ . . i = - . . . 4
with filter no's and satistically significant differences

N . . ~
1.4 Filter Mo 10 G 11 15
X 251 262 273 273
267 “1lter No 10 5 11 15
X 12% 140 156 171
22 Filter Mo 10 11 15 9
X 163 165 175 176

2.3 ilter No 10 9 11 15
X 120 121 132 163

2.0 Tilter Mo 10 9 11 15
% 1%8 146 180 217

Dl Filtor No 9 10 11 15
X 137 14l 156 176

3.2 Milter No 10 G 11 15
- 26 143 152 168
X

~ * 3

2.3 Pilter No 9 g 10 15
X 133 157 159 174

- * *

Sl Yilter No 2 10 11 15
X 112 152 179 165

joined by solid lines have ncn-sirnificantly

& W

Where:- Pairs of filters

J
different quarterly averapges
- * +
Pairs of filters with , 4, or

Non-connected pairs of filters in any particular Quarter - effluent

varterly averases differ @ . level of t
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Table 5.7.8 Statistical a

ana.

tic medium filter

anrter \ Ascending order of averaged

filter no's and statisti

i

1ol Filter No

X

Where:- Pairs of filter
different quarte

Pairs of
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6 Secondary filter performances

6.1  Commissioning

The secondary filters were commissioned on 29th May 1979 and were
operated until May 1981. Unfortunately‘several difficulties were
experienced with the operation of the electrical drive motors of the
distributor arms and normal operation was not' achieved until August
1979. Further operational problems were experienced during late
February and March 1980 when the filters were shut down for a period
of four weeks. No samples were analysed during April and May after
the filters had been restarted and therefore the immediate effect of
this prolonged shutdown on filter performance was not evaluated.
Almost continuous operation was achieved between April 1980 and Hay

1981. Avpendix 4.3.1 lists gsecondary filter operational shutdowns.

6.2  Secondary filter feed

The liquor used to feed the secondary filters originated from the
common sump receiving the mixed primary filter effluents. FProm this
>

sump the mixed effluents were pumped to a 2 m capacity settlement

tank before distribution to the filters via reciprocating distributor

arms (Fig 4.1.2a, b).

The variations in feed composition are recorded in Figs 6.3.1 - 3 and
temperature in Fig 6.3.6. Appendix 6.3.7 gives sewage NHBuN and
oxidised ~N content. Fig 6.3.7 shows that while sewage BOD increased
during October and November 1979 and November 1980 to March 1981, the
seasonal fluctuations were not as great as those experienced by the
primary filters. Peaks in COD occurred in September and Cctober 1979
and appeared to be rising again in September 1980 befors COD analyses

were stopped. No such fluctuations in sewage suspended solids content

occurred, emphasising the fact that no seasonal offloading of film
¥
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occurred in the primary filters,

Despite the fact that no attempts were made to insulate the 15 m length
of uPVC piping which carried the mixed primary filter effluents to the
secondary filter settlement tank (which stood 2 m above ground and was
completely unprotected fro@ adverse weather conditions) there was an

average fall in temperature of only 1.7 centigrade degrees between the

primary and secondary (settled) sewages.

6.3 Secondary filter results and discussion

Both secondary filters were operated at a nominal flow rate of 4.0 mB/mB.d
throughout the study period, and no changes in operation were made during
this time. Figs 6.%.1 = 6 illustrate the monthly averaged physico-
chemical composition of secondary filter feed and effluents, Fig 6.3.7

the BOD and COD percent removal figures, and Figs 6.3,8 - 10 the fre-
quency distributions of sewage and effluent sample BOD, COD and $SS con-
centrations. Table 65.3.1 shows the monthly averaged loading conditions
applied, while Table 6.3.2 summarises the overall performance of the
filters during the two year period. Basic operating data are presented

in Appendices 6.3.1 = 7.

It can be seen from Figs 6.3.71 = 7 that both filter media produced good
quality effluents, and performance in relation to percent BOD and COD
removal stabilised very rapidly after commissioning. The smaller of
the two media (Flocor RS) produced better quality effluents from the
beginning of the study, with only effluent shaken solids and sludge

production rate (Figs 6.3.4 = 5) being of similar magnitude in the two

filters.

Table 6.%.1 shows that the hydraulic loading applied to the Flocor R2S
filter was slightly higher overall than that applied to the Flocor RS

filter. This was due to problems encountered with accurately levelling
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the reciprocating distributor mechanisms supplying sewage to the filters.
The BOD and COD loads applied to the Flocor R2S filter were therefore
correspondingly higher, although t-tests showed that none of these
differences were statistically significant. BOD and COD loadings to
both of the secondary filters generally increased during the period
September - December each year when the primsry filter loadings were
also high, although the seasonal variations in secondary filter feed
strength were in noc way as pronounced as in the primary filters sewage
(Figs 6.3.1 and 2). Fig 6.3.1 shows that effluent BOD concentrations
were higher during late autumn and winter than at other times of the
year, as might be expected from consideration of both the fall in temp-
erature and increase in sewage strength experienced at this time of
year. Flocor R2S appears to have been more susceptible to changes in
efficiency during these periods than was Flocor RS. A further peak

in effluent BOD occurred in July 1980 although only one sample was
analysed during this month and this may have been unrepresentative of

filter performance at the tiwme.

Monthly averaged effluent BOD concentration exceeded 20 mg/l on only
two occasions in the Flocor RS filter (October 1979 and April 1981).
The October 1979 peak was caused by the peak feed BOD concentration
of 300 mg/l observed during this month, while the peak in April 1981
was caused by a single effluent sample with a BOD of 63,8 mg/1 -
although the accuracy of the BOD determination in this sample must be
questioned as the samples taken one week before and after had BOD's of
only 13.3 and 10.8 mg/l respectively. Fig 6.3.8 and Table 6.3.2 show
that the 90 percentile vaiue for BOD in Flocor RS was 24.6 mg/l, and
in fact 79.8% of all samples had a BOD concentration of less than

20 mg/l. The Flocor R2S filter did not perform as well as Flocor RS
and only eight monthly averaged BOD concentrations fell below 20 mg/1,

the 90 percentile value for BOD was 40.5 mg/l and 63.6% of all samples
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had a BOD concentration of less than 20 mg/1.

The relationship between BOD load applied and load removed by the
secondary filters was found to be linear (Fig 6,3u11), as found in the
primary filter media. (Fig 6.3.12 shows that the relationship between
COD load applied and load remo?ed was algo linear). Reducing the BOD
load would therefore result in a measurable fall in effluent BOD concen-
tration. This reduction in load = asguming féed strength to remain the
same -~ could be achieved either by increasing the degree of interstage
settlement of ths primary filter effluents, by reducing the hydraulic
loading or by a combination of these measures. The Flocor RS medium
would probably have produced Royal Commission standard effluent with
respect to BOD concentrations if fine adjustments of this type had been
made to the mode of filter operation. Greater changes would have been

necessary to produce Royal Commission standard effluents from the

Flocor R2S medium.

Effluent COD concentrations rarely fell below 70 mg/l (Fig 6.3.2), and
this may represent the concentration of non-oxidisable or very slowly
oxidisable chemicals in Hereford sewage. Peaks in feed COD were occa-—
sionally high and these peaks caused corresponding increases in effluent
concentrations. The 90 percentile values for effluent COD (Fig 6.3.9
and Table 6.3.2) were 136 and 124 mg/1l for Flocor R2S and Flocor RS
respectively, and reflect the difficulty encountered in removing the

residual COD from Hereford sewage.

The effluent settled solids concentrations (Fig 6.3.3) show that the
monthly average of the Flocor RS effluent exceeded 30 mg/l on only one
occasion (September 1979), when feed strength was high. Several indi-
vidual samples with solids contents greater than 30 mg/l1 were found
however and the overall 90 percentile value was 30 mg/1l (exact value

30.2 mg/l, Fig 6.3.10, Table 6.3.2). Flocor R2S monthly averaged
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effluent settled solids exceeded 30 mg/l on five occasions, the 90
percentile value was Lo mg/) with 73.0% of all samples having settled

s0lids content of less than 30 mg/l.

The effluent shaken sample suspended solids data (Fig 6.3.4) show that
the filters produced roughly eéual quangities of settleable solids.

Both effluent concentrations increased in months in which sludge pro-
duction rate also peaked - August 1979 and 19‘809 February 1980 (Fig
6.3.5), which possibly illustrates some seasonal offloading of film by
the filters. Both filters had similar sludge production rates (expressed
as g sludge produced/g BOD removed) and these were higher than those

of the primary filter media.

The higher rates of sludge production by the secondary filters could
be due to a combination of the fact that the filters never reached full

biclogical maturity (see Section 6.4), that the settlement of the feed

ot

before application to the filters was not sufficiently long, an< tha
2
the filter media had a very open structure which allowithe rapid dige-
charge of solids. Appendix 6.%.4 shows that after a further thirty
minutes quiescent settlement period the suspended solids content of the
secondary filter feed fell by an average of 50%. As the biological film
was not fully mature during the study complete oxidation of these settle-
able solids would probably not have been possible, and the non-oxidised
solids could either pass straight through the open structured filter
media without being affected by the film or simply be flocculated by
the film before discharge. Either of these routes would result in
greater quantities of settleable solids reaching the humus sludge tanks
than would normally be found and therefore artificially raise the sludge
production rate figures of the filters. The high sludge production rate
of these secondary filters is therefore not believed to be due to the

production of unduly high quantities of humus by the biological film

of the filters in oxidising the applied organic material, but to the
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large proportion of settleable solids in the sewage.

Fig 6.%.6 shows that at no time during the study was more than 40% of
the sewage NHBwN removed by the filters, and for much of the time less
than 10% was removed. Bruce et al. (1975) considered that the lack of
nitrification in the secondary filters of a two stage filtration plant
at Stevenage was due to a fall in temperature between the primary and
secondary filters. This fall averaged only 1.7 centigrade degrees at
Hereford and is not considered to be the cause, although on three
occasions the monthly averaged effluent temperature fell to just above
1OOC, which would have been sufficiently low as to cause some inhibition
had nitrification ever been occurring in these filters. The reasons

that nitrification was not achieved are vrobably three-fold.
Te The feed BOD was too high (see Chapter 8).

2o The secondary filters never became fully mature due to occasional
operational difficulties (Results cbtained during March and April
1981 suggest that nitrification may have been possible tc a certain
extent during the following summer had operation of the filters

continued).

3. The filters were never operated as nitrifying filters and care was
not therefore taken to ensure that conditions were suitable for

nitrification to occur.
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Table 6,3.1 M 0 the secondary

falters.

Flocor RS

Flow rate BOD load (€O ioa&

(mB/mB;d)\ Kkg/mégd) »(kéﬁ?ﬁ
379 L.55 S
4 h.73 ol 1.05
3 k.68 0.72 1.49
0 L.%6 0.94 ‘ 1.5%
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6.4 Ecology and biology of the secondary filters

6.lte1  Film accumulation measurements

The same methods of film level assessment were used as in the primary
filters (Section 4.6) and the results are presented in Figs 6.4.1 - 3

and Appendices 6.4.1 - 6,

While the film cn the primary filter media waé dominated by fungi, the
film of the secondary filters was dominated by bacteria. Fungi were
present during the winter of 1979 - 80 but failed to become established,
no attempts were made to identify the species present, Figs 6.4.1 - 3
show that in the absence of high organic loadings, and consequently in

the absence of fungi, the film levels in the secondary filters remained

very low throughout the study.

Peaks in film accumulation were recorded in Jamuary 1920 (Quarter Sal,
Figs 6.4.2 and 3). These peaks were the result of a gradual accumulation
of film during the Autumn of 1979, which corresponded to a gradual
increase in organic loading and decrease in temperature during this

time. Filter maturation may have also contributed to the film level
increases (see later). The peak film level recorded in the Flocor RS
filter was higher than that in the Flocor R2S filter, and the Flocor

RS filter always supported slightly heavier film levels than the Flocor

R2S becauss of the smaller size of the Flocor RS medium.

Following the peak film levels recorded in January 1980 the filters are
believed to have sloughed some of their film, as the effluent solids
and sludge production rate figures increased during February (Section
6.2). Unfortunately meutron moisture meter readings were not taken
during the period February - April 1980 and the extent of the sloughing
is difficult to assess. Long term changes in film level are also

difficult to quantify due to the relatively short period of study
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following the commissioning of the filters.

The biolopgical sampling and neutron moisture meter readings of July 1979
were carried out approximately six weeks after the filters had been
commissioned, and Figs 6.4.2 and 3 show that appreciable quantities of
biological film had already éccumulated: Fig 6.4.1 shows that the
percent saturation of voids in both filters increased gradually during
the following six months, although it is not possible to dissociate the
contribution that filter maturation made to these increases from the
combined effects of the increasing organic loading and decreasing temp-

eratures observed over these months.

6.4.2  The occurrence, abundance and distribution of invertebrate

species and micro-organisms of the film

6.4.2.1 Invertebrate populations

The species diversity found in both of the secondary filters was higher

than in the primary filters. While Psychoda alternata and enchytraeid

worm spp. again dominated the invertebrate fauna, several other species
appeared at various times during the study (Figs 6.4.2 and 3, Appendices
6olbel = 5), Chironomid sp. larvae were present in quite high numbers
during the first six months of the filters operation, but disappeared
during the winter and reappeared only in low numbers during the following
summer. Species X « an unidentified Dipteran - generally increased in
abundance as the filters matured, a pattern which was mirrored by the
Naid worm sp. population in the Flocor RS filter. Although fly nuisance
has been caused in the vicinity of somé sewage works by Sylvicola
fenestralis (Hawkes, 1965), the larvae were only found once,. in low

numbers in the Flocor RS filter. Hypogastrura viatica was found in

high numbers at the base of the Flocor RS filter in Quarter 3.3

(Appendix 6.4,5), and this may have indicated a continuation of the
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process of biological maturation in this filter.

Unfortunately the biological surveillance of the secondary filters lasted
for one year only, and from these data it is difficult to determine
whether the filters had reached full biological maturity = i.e. whether
the populations of the film had stabilised. During May 1981 however,
immediately before the pilot plant was closed down, a visual inspection
0of the biological shaft contents revealed an increased species diversity,
which would suggest that the filters had not fully matured at the end

of the biological surveillance work (July 1980), and may not in fact
have been fully mature at the end of the entire study. This prolonged
maturation period did not affect the BOD removal capacity of the filters,
which had stabilised very rapidly after commissioning, but it may have
affected both sludge production rates (Section 6.2) and humus sludge
conditionability (Section 7.3.3) as well as the nitrifying capacity of

the filters (Section 6.3).

P, alternata and enchytraeid worm numbers tended to be high at the same

time as film levels, with a particularly close association being apparent
in the Flocor R2S filter (Fig 6.4.2). This would suggest that the
invertebrate grazing populations could have had a far greater influence
on the rate of accumulation of film than was found in the primary
filters. This emphasises the difference between the growth of fungal
film under heavy organic loading conditions as in the primary filters,
and that of bacterial film under moderate organic loadings as in the
secondary filters, with the rate of accumulation of the fungal film
tending to be so great as to result in the film levels exerting control
over invertebrate numbers, while the lower rate of accumulation of the
bacterial film enables invertebrate numbsrs to increase to a point

where film control is possible.

Although the invertebrates are believed to have exercised some control

T 1/



cver the rate of film accumulation in the secondary filters by their
grazing activity, it is difficult to assess whether this control affected
filter performance in any way. TFigs 6.4.2 and 3 show that the percent
BOD removed by both media was very high throughout the period of bio=-
logical surveillance, with the highest removal figures obtained by the
Flocor R2S filter being during & winter period when film levels were

also at their peak (Quarter 3.1). Therefore the highest film accumulation
observed in this filter didvnot advergely affect filter efficiency, and
there is no evidence to suggest that performance improved during sub=~
sequent months when film levels were low. In view of this fact, and

of the results obtained from the primary filters, it is believed that

the invertebrate grazing population can have no significant affect on
filter performance if the organic loading is such that high film levels
are not encouraged. It could only significantly affect the performance
of filters operated under very high organic loadings which promote

heavy film accumulation during the winter months if sufficiently high
numbers were present during the summer months to reduce the film standing
crop to a level where the subsequent winter accumulation may be prevented

from reaching a level sufficient to cause ponding.,

6.4.2.2  Protozoan and cther micro-organism populations

Microscopical examination of film samples was carried out in the same
manner as for the primary filters, and Figs 6.4.4 and 5 illustrate the
composition and relative abundance of the micro=-organism population of
the film with filter depth, while Table 5.5.2 lists the species found.
The relative abundance of the flagella£e population was not assessed,

although flagellate spp. were present in the majority of saples examined.

Figs 6.4.4 and 5 show that the size and diversity of the micro~organism
populations were high throughout the study, and while the general inverse
relationship observed between protozoan numbers and film volume in the
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primary filters was not apparent in the secondary filters, diversity
tended to increase slightly when film levels were lowest. The adverse
affect of increased film levels on protezoan numbers was not observed
in these filters because the film levels were never excessive and the

film itself therefore never became anaerobic.

Species diversity was high in the filters throughout the study, with
large numbers of representatives of the Holot;ichia, Peritrichia and
Spirotrichia in particular. No species was found to dominate the
micro-organism population, although nematode worm 5pPe, Opercularia
microdiscum and flagellate spp. were again almost universally present.

Representatives of Opercularia and Vorticella were particularly common,

although the protozoan zonation previously reported by Barker (1946)

was net observed., High numbers of the spirotrich Aspidisca costata

were occasionally recorded, while representatives of the Suctoria were
found to be more common in the secondary filters than in the primary
filters, where they were restricted to the Flocor M and Flocor E media

(Table 5.5.2).

In consideration of the primary and secondary filter data it would
therefore appear that high film levels restrict the protozoan numbers
present, presumably because of oxygen starvation, while very low film
levels lead to both an increase in species diversity and in numbers

present,

Conclusions regarding the performance of the secondary filters are drawn

in Chapter 9.
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Fig. 6.%.2  Biological sampling data. Flocor R2S filter
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Fig. 6.14.3 Biological sampling data., Flocor RS filter,
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Key to Figs 6.l.4 and 5
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Fig. 6.4.4 Biological sampling data. Distribution and relative abundance

of micro-organisms with filter depth. TFlocor R2S

Key given on page 220
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Fig. 6.4.5 Biological sampling data. Distribution and relative abundance

of micro-organisms with filter depth. Flocor RS

Key given on page 220
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7 Humus Sludge Characterisation

71 Introduction

The dewatering of humus sluiges produced during the biological filtra-

tion of sewage often constitutes the most capital intensive stage of

~

the purification process. The conditionine of the sludges vproduced by

&

different filter media is therefore of considerable importance in the

design and operation of sewage works.

In the past several authors have concluded that the humus sludge pro-
duced by high rate bioleogical filters is more difficult to dewater than

that produced by low rate filters (Bruce cnd Merkens, 197%, Bruce =t al.,

)

1375, Banks et al., ’19'.76)i while other workers have concluded that hizgh

rate Tilter sludges are no more difficult to dewater than low rate
sludpes (Hemming, 1968, Askew, 1909, Joslin et al., 1971). The uiffer-

i

ence of opinion may be partly due to the fact that high rate biolopical

)
(e
@]

filterc have often been used in areas where the sewage 1s difiicult
treat by conventional filtration and is therefore liable to produce a
tdifficult' sludge regardless of the bilological filtration method used,
and partly due to the difficulty in accurately comparing the dewater-

ability of diffesrent sludges.

Tests designed to characterise the humus sludges produced by the two
stage pilot plant were therefore carried out in an attempt to identify
any differences in sludge condition and conditionability which could
be attributed to filter medium, hydraulic loading or season. Separate
hurmus sludges were collected from the effluent channels of each filter
medium on a monthly basis for a period of 12 months as described
earlier (Section 4.5). The tests were performed in order to answer

five questions.

1) Are there any differences in the devaterability of the humus

sludges produced by the different filter media of the pilot

w PPE e



plant?

ii) Does the condition and conditionability of the humus sludges
produced by the different media of the pilot plant vary with

season?

~

iii) Which chemical conditioning agent provides the most cost effi-
cient means of conditioning the humus sludres produced by the
pilot pl=ant filter media?

iv) Is there any difference betwsen the dewat rability of the hirh

rate biolopical filter sludges of the pilot plant and the low

rate humus sludges of Hereford 51W?

’V)

i

s there any correlation between humus sludge dewaterability and

biclogicel conditions prevalent in any of the filters studied?

- ook -



7.2 Results

The results of these studies are summariced in Appendices 7.2.7 « 17
and Figs 7.3.7 = 5. The appendices include results from both the trad-
itional method of analysing sludge conditioning test data (calculation
of the cost of a dose of aluminium chlo}ohydrate required to reduce r

12
to 4.0 x 10 7 m/kg) and from the Cost/dose index data analysis (calcu=
lated as outlined in Section 4.5). The weight of chemical - as received
from the manufacturer - used in each conditioning test has been quoted,
as has the cost of each dose. Chemical costs used in these calculations

are presented in Avpendix 7.2.712.

Assessment of seasonal changes in sludge condition and conditionability
were made using aluminium chlorohydrate as chemical conditicner, as
were assessments of the differences between the conditionability of
different sludges. The results of these comparative studies show that
aluminium chlorohydrate was not a particularly suitable conditioner

for any sludge tested, and its use was continued only because of the

ease of preparing and handling solutions.

Conditicning tests involving the use of Zetag 51 and 88 were carried
out at the same time as tests involving the use of sluminium chlorow-
hydrate. The efficiency of each polyelectrolyte solution can therefore
be compared directly with that of chlorohydrate for each sludge (Appen-

dices 7.2.1 = 11).

The initial solids content of the sludges was found to vary considerably,
although all primary filter sludges thickened satisfactorily after 2 - 4
hours settlement in a WRC laboratory settlement apparatus. The thick-'
ened sludge solids contents are given in pppendices 7.2.1 =« 11. The

two secondary filter sludges, together with the low rate humus sludge,

did not thicken to a solids content of greater than approximately 3% dm



unless settled for around twentv hours. The secondar y fTilter sludges
e alyawa Fhyelkanad ol 3 : Y ; P4

were always thickened after collection, but thickening of the low rate

humus sludges was abandoned after the first months sample had been

conditioned (July 1930).

Unfortunately it was noted that the vilot plant sludges became slightly

15

[

elutriated on laboratory thickening, The increase in suspended soli

content of the supernatent after thickening was normally small and of

the szme magnitude in all sludges. Occasional analyses of supernatant
cnded solids content after thickening are presented in Table 7.2.

Analyses were only made during months when the elutriation appeared on

visual inspection to be particularly marked.

-

Table 7.2.1 suspended solids content of suvernatant liguid after sludpe

thickening

Monthly Supernatant Supernatant Settled filter
Sludge tested percent solids effluent suspended
Collection content solids content
dm) 5 dm)
Jan 19060 89/50 Granite 0.0961 0.0062
125/75 Slag 0.0562 0.0068
89/50 Slag 0.0364 0.00k2

Swanwick et al. (1861) found that artificially induced elutriation of
humus sludge resulted in both a reduction in r and in the coagulant
demand of the sludre in conditioning tests. The amount of chemical
reguired to condition the pilet plant sludges if they had been produced
by a full scale works in which no elutriation occurred during thickening
would therefore be higher than reportea in Apvendices 7.2.7 - 10. The
increase in chemical dose which would be required is difficult to
quantify from the pilot scale data available. Althourh fine solids

were lost to the supernatant during thickening, no solids were lost

s

during sludge collection. The supernatant from the collection vessels



invariably contained lower quantities of suspended sclids than were
found in the filter effluents, due to the lonper settlement period
afforded by the collection vessels than the thirty minutes quiescent

settlement piven to effluent samples prior to suspended solids deter-

£

.

minations.

The appearance and texture of the primary and secondary filter sludges

.

differed markedly. The primary filter sludpges tended to be largely

made up of pleces of fungal material which were occ aslonally encrusted
with grazing macro-invertebrates, while the secondiry filter sludres

3y

were penerally black, runny and homopencus - being made up of very
finely divided solids as found in the low rate filter humus sludge.
The volatile solids contents of all the sludges varied from month to

monih, and usually constifuted between 60 and &0/ of the total sludg

dry weight.
Appendices 7.2.1 = 7.2.4% show that the initial specific resistonce to

4

filtration of the minecral media sludges was very low during July and

-

September 198%0. The distributor jets supplyving the mineral medium
filter during these months became regularly blocked with very heavy
gross solids resulting in only intermittent wetting of the filters, and

N

it is believ that this poor running caused the observed reduction in

the initial specific resistance of the sludges. The initial specific
4

resistance of the Biopac 50 and Biopac 90 sludges was also very low

during September - this being due to the fact that these sludges wore

- ~ R

ollected shortly after the distributor jets feeding t

filters had been restarted, having beeﬁ out of cormission for one month
due to mechanical difficulties. The two primary filter Flocor media
sludpes were collected a week later when the filters appear to have been
re-established as their specific resistance to filtration are reasonably

high as usual.




7a5 Discussion

Tabs Thickened sludge condition

The specific resistance to filtration (r) of the thickened sludges

A , . oy . e 2
from the pilot plant were normally within the range 20 - 250 x 101 m/ e
althourh psriocds of poor operation of the seware distribution mechanisms

PPN

resulted in greatly reduced specific resistances as mentioned earlier

iy

(Section 7.2).

As illustrated in Figs 7.%.71.-~ 5 the initial r of the mineral media
sludges were all very similar, and while the initial r of the two Biopac

media were slightly higher there is no clear evidence of differences

h

between sludges before conditioning which were due to the filter medium

- the increase in r of the Bicpac mediza over the minersl media was

oF
e}
o+
=3
[
t~h

ormer.

i

leoading conditions applied

probably due to the differen

- ] N

Filg 7.3.4 shows that the initial r of sludges from the Flocor ¥
I ~

o
o}

nd %
media tended to be higher and considerably less stable than those of

the other primary filters. As both modular media filters produced
sludses which were in worse condition than those produced by random-fill

media of the pilot plant, it can only be assumed that the nature of the

medium affects the sludge produced to a certain extent.

The two secondary filter media (Fig 7.3.5) had very marked and separate
peaks in initial r during March and April, but otherwise wnoth produced
very similar sludges With the exception of the peaks in initial f,

the secondary filter sludges do not appear to be markedly different

from primary filter sludges, although they were in better condition

than those of the two modular media.

The initial stability to shear index in all sludges was very similar,
with a normal range of 1.01 = 1.93. This indicates that the average

. Lo . R b ze/ -
increase in v after 100 sec shear did not normally exceed 95% of r
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after 10 sec shear. OSludges collected from the 89/50 Granite filter in
September 1980, (Fig 7.3.1, initial stability of 2,82) and from the
Flocor RS filter in December 1979 (Fig 7.3.5, initial stability Of‘
2.41) were considerably less stable to the influence of shear than the

. -\L

other pilot plant sludges. .The low raté filter humus sludge had an

initial stability to shear index range of 1.18 -~ 1.25, showing that
this sludge was no different in this respect from the pilot plant sludges.

The sludpge stability to shear before conditioning is therefore not

H

influenced by either filter medium or hydraulic loading.

7edel Comparison of sludge conditionability using aluminium chloro-

hydrate as conditioner

AS mentioned earlier {(Section 7.2) aluminium chlorohydrate did not prove

to be a successful conditioner of the sludges tested, and only occasion-
. , . - - . . 2 . s

ally did the minium r achieved fall below 1.0 x 10 m/xg. This chem-

ical was used in long-term conditioning tests however; and the results

t

of these tests arc best summarised in terms of the cost of reducing r
. 2 - . ,
to 4.0 x 10 m/%z (the coagulant demand) and the minimum Cost/dose
/K& g

index of sludge conditionability (Appendices 7.2.1 - 11).

Comparing the data provided by the traditional method of analysis (the
aluminium chlorohydrate coagulant demand) with the Cost/dose index data
(Appendices 7.2.1 - 11) it can be seen that while the Cost/dose index
invariably produces a tangible figure, the traditicnal method fails to
quantify the difficulty experienced in dewatering some sludges. This
is evident in the Flocor M sludge produced in November 1979 (Appendix
7.2.8) and the Flocor E sludge produced in January and February 1930
(Appendix 7.2.7). In addition the traditional data analysis technicue
does not provide any information with respect to the ease of condition-
: - . a12 .

ing a sludge to r of around 1.0 x 10 m/ke, which is usually required

for satisfactory mechanical dewatering, while the minimum achievable

w 229 =




r through conditioning forms an integral part of the Cost/dose index.
Ixperience with the costs per dose of the chemical conditioners used in
these tests has shown that a Cost/dose index of less than 20 cannof be
reached unless the minimum achievable T through conditioning approaches
unity, and the act of conditioning dose not appreciably weaken the
sludges resistance to shear. The Cost/dose index has also been formu-

lated so that it provides a

le and direct method for comparing the

effectiveness of different conditioning agents in conditioning sludges

of different origins.

While the index has been used as an aid in the assessment of sludge con-
ditionability in this research, it is not sugpested that it should be

used as a uhiversally acceptable means of treating sludge conditioning

fend

test data, although a similar index may be of considerazble value.

- - - o aT0 A& : 1y
Data ccllected during the period September 1979 -~ 1980 show that the
sludges conditionability, as measured by both the Cost/dese index (¥igs

Yebe1 ~ 5) and the coapulant demand (Anpendices 7.2.7 - 11), remained
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reasonably stable throughout the year, with the exce

n

M and E sludges. These two sludges exhibited a far greater range of
conditionability, with Flocor ¥ in particular proving to be very diff-
icult to dewater on occasions., Fig 7.3.06 shows the averaged coagulant
demand and Cost/dose index for each sludge over the twelve month period.
Both of these data analysis techniques show that the sludges from the
two modular media were more difficult to dewater than the other (random-
fill) primary filter media sludges. The difference between the dewater-

ability of these two sludges and the others tested is amplified when

sludge stability and minimum achievable r are taken into consideration,
as in the Cost/dose indexX. The two modular medium sludges exhibited
the least stability to shear of all the sludges tested (when using alu-

minium chlorohydrate as conditioner), and this may be an important

....,’_3_30..



B

factor when deciding whether to use modular or random-fill media for

hirh rate filters.

[}

Using the ccagulant demand data the secondary filters were slightly
more difficult to dewater than the random-fill primary filter sludges,
although the differences are of the magnitude which might reasonably be
expected in 2« two stage system. In the case of the Flocor RS sludge
this difference is not apparent when sludge stability is taken into
consideration, as in the Cost/dose index. There appears to be little
difference between the mineral medium sludeges, and none which could be
directly attributed to either medium size or tvpe. The difference be-
tween the conditionability of the Biopac 50 and 90 sludges is small in
both sets of data, but it is interesting to note that Biopac 50 produced
the most easily dewatered sludgze when the Cost/dose index is used as

the means of comparing sludge conditionability.

Comparing the two data analysis techniques, which are summarised in Fig

7.3.0, it can be seen that while both produce almost identical conclu-

sions with respect to which sludges were more difficult to dewater than
the others, important dewatering problems which might arise in a full
scale works are emphasised by using the Cost/dose index. Therefore,
although the coasulant demand data sugrest that the Flocor E sludge was
only slightly more difficult to condition than the Flocor M sludge, the
Cost/dose index shows that this difference was greater when the full
effect of chemical conditioning on sludge characteristics was included

in the calculation. Comparison of sludges which are not markedly wealkened
by conditioning, and which can all be conditioned to a similar r using
the same chemical, is not generally affected by including the stability
to shear index, Comparisen of sludges conditioned with polyelectrolytes
which weaken floc strength (outlined in Section 7.3%.5) are greatly influ-

enced by the inclusion of the stability index, and comparison of the
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ectiveness of different conditioners is improved by the use of the

[

ef

indexe

There were several peaks in initial r throughout the twelve month period

~

study (Figs.7.3.1 ~ 5, Table 7.3.1). The peaks which occurred in

h

o
November and February were common to se&eral cf the pilot plant sludges.
Although these peaks did not generally affect the conditionability of
the sludges concerned, the peaks found in the'125/75 CGranite, Flocor M
and Flocor E sludges collected during February did affect their co