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PREFACE 

In pursuance of a recommendation, made by the participants in the Regronal 

Semlnar on Waste Stabilization Ponds Design and Operation held in 1980 in Lahore, 

WHOIEMRO took steps to promote holdlng of netional courses on the subject In the 

Member Countries by extending its technical cooperation. Two courses have 

already been held In Egypt and Sudan It is proposed to offer technical 

assistance durlng 1982-1983 in holdlng more natlonal courses rn four of the 

Member States The teaching materlal evolved durrng the two courses held in 

Egypt and Sudan is sufficiently flexible for use for other courses and 1s there- 

fore issued as Part I1 of the report. 

It is hoped that thrs publication will further the objective of dlssemina- 

tlng lnformatron to profess~onals dlrectly concerned with problems of wastewater 

dlsposal and treatment. 



PART I 

SUMMARY REPORT 

of 

NATIONAL COURSES 



I INTRODUCTION 

Thls report concerns the National Courses on Waste Stabilization Ponds 

Deslgn and Operation, one of whlch was held from 12 to 21 September 1981 in 

Egypt at the High Institute of Publlc Health, Alexandria, whlle the second was 

organized from 12 to 21 December 1981 in Sudan at the Faculty of Engineering, 

University of Khartoum In each of the two courses about twenty partlripants, 

drawn from different departments of the respective Governments dealing wlth 

wastewater systems, attended. 

All engineering, sclentiflc and economlc aspects were covered in the lectures 

dellvered,malnly by t w ~  WHO Temporary Consultants These were supplemented by 

seminars, deslgn exercises and fleld vislts. 

The participants displayed keen Interest throughout and appreciated that 

stabilization ponds represent a complete system of treatment, for domestic 

as well as industrial wastewater 

The need for drssemlnatlng furfher information concerning pond deslgn, 

construction and marntehance was highlighted The partlclpants were ~nformed 

of WHO/EMRO'S programe of bringing out a publication In the form of a Manual on 

the subject whlch would emphasize the design and operational aspects of the 

system. 

11 PURPOSE OF THE NATIONAL COURSES 

In pursuance of the recomrnendatlons on the Subject made at the WHO Regional 

Sem~nar on Waste Stabilization Ponds Deslgn and Operation held in Lahorr,Pdklstan, 

from 29 December 1979 to 5 January 1980. EMRO Initiated the conduct of the 

national courses in Member States. Two such courses have already been held 

while an additional four are being planned. The purpose of the courses was to 

acqualnt natlonal senlor engineers and scientists concerned wlth the design and 

operation of waste stabilization ponds wlth essential background information on 

the chemistry and microbiology of wastewaters and the conventional techniques 

employed for wastewater treatment 



111 COURSE ACTIVITIES 

Preparatory work preceding the Courses was undertaken by WRO Consultant 

Mr K.V. Ell~s by vlsiting Ministries and institutions dealing with wastewater 

systems in the respective countries. This resulted in selecting the institution 

having the necessary facilities and sites for the field visits, and deciding on 

the number and quallflcations of the participants. 

The natlonal course in Egypt was held at the High Instrtute of Public Health, 

University of Alexandria, for nine worklng days from 12 to 21 September 1981, 

while the one in Sudan took place at the premises of the Faculty of Engineering 

of the University of Khartoum,from 12 to 21 December 1981. About twenty 

participants attended in each of the countries (See Annexes I and 11). 

Each course consisted of lectures and semlnars and Included a deslgn 

exercise. The early lectures provided background lnformatlon on the rmcrobiology 

and chemistry of polluted water and reviewed conventional practices in wastewater 

treatment. Following this, the theory, operatlon and design of all types of 

Waste Stabilization Ponds were considered ~n some detail. The seminars gave the 

students opportunities to discuss wlth course leaders not only the information 

lmparted during the course, but the whole concept of wastewater treatment and 

the associated objective of dlsease preventlon. 

The deslgn exercises involved the wastewater treatment facilities required 

for a hypothetical new town m an environment identical to that of the country 

concerned and provlded the particlpants wxth the opportunity to consider in some 

detail the actual deslgn of a waste stabllizatlon pond system. For this exerclse 

the participants operated In groups of four or five; the results were very encour- 

aging, dewnstrating that all particlpants had understood the information 

lmparted and would be able to initiate sultable designs for treatment ponds. 

The programme of the courses, wh~ch were conducted by the two WHO consultants 

namely Mr Ken Ellis of University of Technology, Loughborough,and Mr J. Lumbers 

of Imperial College of Science and Technology, London, is given ln Annex 111. 

The teachmg materlal consisted of lecture handouts prepared beforehand for 

each of the sessions. Full texts of thls materlal are glven In Part I1 of this 

report. 



IV RECOMMENDATIONS 

The two lecturers, on the basks of discussions held wxth particrpants,made 

the following recommendatlons. 

1. That a follow-up semlnar of three to four days should be arranged for the 

same partrcipants and perhaps others as well, to drscuss the development of 

stabllrzatron ponds planning In Egypt and Sudan and to conslder results of pond 

operation, as well as revlewrng recent publrcations and discussing the areas rn 

whrch further research 1s most requrred. 

2 Organlzatlon of national courses solely concerned wlth appropriate methods 

for treatment of lndustrlal wastewater. These should rnclude recovery of 

valuable materials, treatment of toxlc and intractable wastes, preventron of 

excessive water and waste drscharge and,possrbly, srngle cell protein development 

from wastewaters with high carbohydrate contents. 



PAPER I 

WASTEWATER TREATMENT PRACTICES 

by 

Mr K.V. Ellis 
WHO Short Term Consultant 



PART I1 

TEACHING MATERIAL 

(HANDOUTS) 

COMPLETE TEXTS 



Wastewater Treatment Prac t ices  

Surface water pol lu t ion  

This mainly r e s u l t s  from the  addi t ion  of e i t h e r  municipal wastewater lfzom 
towns and c i t i e s )  01 i ndus t r i a l  wastewater to strearrs, ravers  and lakes 

By pol lu t ion  we usual ly mean the addit ion of harmful (disease pro8uclng) 
organisms t o  t h e  water o r  the a d d ~ t i o n  of 'b iodeg~adaole '  organlc r - t c ~ r s l  to 
the water Wastewater treatment processes g rea t ly  r d d c e  the numbers , I . ar?f~l 
organlsns discharged t o  r i v e r s ,  but  wastewater trcatrnerdt zs mainly rp . e r red  
with reducing the  quantl ty of 'blodegraiahle '  materfal t h a t  1s dischawed 

niodegradable organic compounds a r e  those which can a c t  a s  the food (or 
subs t ra te)  for  bacteria  and o ther  rnicrwrganisns i n  the water. The bacteria  
breakdownthese organic mater ia l s  i n t o  simple, s t ab l e  irloryanlc c~n-pounds such 
a s  water, carbon dioxide, sulphates,  phosphates and n i t r a t e s .  and a t  tk sane 
time produce f r e s h  bac t e r i a l  c e l l s .  These b a c t e r ~ a  lnvolued i n  t he  
s t ab i l i za t ion  (pu r i f i ca t ionor  breakdown) of the organic copgunds a r e  mainly 
'aerobic'  bac ter ia .  'Aerobic' bac t e r i a  r equ i r e  0xyp.n disssolved i n  t h  w a t e r  
i n  order  to be ab le  t o  s t a b i l i z e  tho  organic compounds. They can m u p m  
grea t  deal  of oxygen i n  s t a b i l i z i n g  these compbnds. 

The main purpDse of wastewater treatment is t h a t  the bac t e r i a l  s t a t i l r  ra t ion  
processes should take place i n  wastewater treatment works i n  a rapid 
concentrated process, r a the r  than morq slowly i n  the  r ive r .  If t he  process of 
s t a b i l ~ z a t i o n  takes  place i n  the r i v e r  a l l  t h e  oxygen which is  normally 
dissolved i n  the  r i v e r  water can be used up and then a l l  t h e  normal l i f e  i n  t he  
r i v e r  (including f i$h)  w i l l  d ie .  This  must be avaided. 

Wastewater treament processes 

Most wastewater treatment processes a r e  'aerobic'  i n  t h s t  they rake use of t he  
same types of aerobic bac ter ia  t h a t  e x i s t  na tu ra l ly  i n  the r ive r s .  However, 
the aerobic processes i n  t he  hastekater  treatment processes a r e  usual ly f a r  
f a s t e r  acd more concentrated than i n  the  r i v e r ,  a d  a r t l f r c i a l  means must be 
enployed (mechanical aera t ion)  t o  add a l o t  of oxqgen to  the  wastewater brrng 
treated.  

Some wastewater treatment processes a r e  'anaerobic' .  This  means t h e  bac ter ia  
used i n  these prqcespes only  l i v e  and operate (metabolize) i n  the absence of 
oxygen i n  the wqter. In  r i v e r s  and lakes  these 'anaerobic' processes occur 
a t  t he  bottom of deep r i v e r s  and lakes. I n  wastewater processes they a r e  
operated e i t h e r  In  closed tanks (sealed of f  from the  a i r )  o r  i n  deep ldgoons, 

The processes of wastewater treatment can be I l s t e d  a s  

Stabi1rza:lon ponds - anaerobic ponds 
f acu l t a t ive  ponds 
aerobic (niaturat ion) ponds 

acrated ld?oons 
Oxidation d i t ches  
Percolating ( t r i ck l ing ,  biological1 f i l t e r s  
Rotating d ~ s c  treament u n i t s  
Activated sludge 
Anaerobic d jges t ion  



Approxlmately, these processes a r e  l l s t e d  i n  an order of increaslrrc 
sophistrcat ion o r  complexity. They progress from low technolog:. (ponds) t o  high 
technology (actrvated sludge e t c ) .  Percolating f i l t e r s ,  ro ta t lng  drsc dn r t s  and 
actrvated sludge processes a r e  ca l l ed  secondary, biological  treatment processes 
as they requrre the p r io r  removal of the suspended-sollds from the  wastewater by 
separate,  set t lement  processes (prmary  treatment) .  Most of t he  processes a l s o  
require t he  removal of g r i t  and the screening of the wastewaters (preluninery 
treatment processes) 

Oxidation d l t ches  a r e  a simpler form of t he  actrvated-sludge process 
Percolating f i l t e r s  and ro ta t rng  d i s c  treatment u n i t s  a r e  ca l l ed  ' f ixed-f i lm'  
treatment processes a s  the aerobic bacterra a r e  held i n  a f lxed pos i t ion  a s  the 
wastewater flows pas t  

S tabi l rza t ion  ponds a r e  t he  slmplest form of treatment and requrre no s k i l l e d  
maintenance, but  use a la rge  area of ldnd The t rea ted  water drscharge? a t  the 
end of the process ( the  e f f luen t )  can be of a high qua l i t y  but  is o f t en  
contaminated by the presence of l a rge  nur ters  of 'a lgae '  A l l  t he  oxygen required 
by s t a b i l i z a t i o n  ponds i$ provlded e r the r  by the 'photosynthetic '  ac t ion  of algae 
o r  by d i r e c t  absorption of atmosphcrrc oxygen from the a i r  

Often the  la rge  land r r e a  required by s t a b i l r z a t i o n  ponds forces  deszgners t o  use 
aerated-lagoons which a r e  a l o t  l i k e  the ponds but use mechanical means fo r  
d r s s o l v ~ n g  the  atmospheric oxygen unto the wastewater. Aerated-lagoons requrre 
much less land area  than s t a b i l r z a t l o n  ponds but  requlre power and mechan~cal 
equrpment and some s k l l l e d  maintenance 

The actrvated sludge process requi res  t he  development of a la rge ,  ac t ive  mass of 
aerobic bac ter ia  and o ther  microorganrsms ( the  act lvated-sludge),  whrch is mixed 
with the  wastewater being t rea ted  and l a t e r  separated from the t r ea t ed  e f f luen t  
and then used agaln and again. Activated sludge u n i t s  need l r t t l e  land area and 
produce a very high-quality e f f luen t ,  but  requi re  properly constructed concrete 
channels and tanks. a l o t  of  e l e c t r i c a l  power, t he  use of complex and cos t ly  
equrpment and a l o t  of ski l$ed maintenance 

Most anaerobic 'd iges t ion '  u n i t s  a r e  a l s o  cos t ly ,  complex and requi re  sk i l l ed  
maintenance They a r e  usual ly employed to reduce the  'biodegradable' content  
of very strong wastes to  a l eve l  a t  which normal aeroblc process can be 
employed These anaerobic processes a r e  a l so  o f t en  used fo r  ' s t a b i l i z ~ n g '  t he  
sludges produced during conventronal wastewater treatment processes. However, 
'anaerobic' stabilization ponds a r e  a simple and e f f ec t rve  means of  e.nploylng 
an anaerobic process without using c o s t l y  and sophistrcated equipnent 

' P o l r s h i n g ~ p r o c e s s e s  

Fo~lowrng normal wastewater treatment processes it i s  spmetimes necessary t o  
improve even fu r the r  the qua l r ty  of t h e  e f f luen t  Thrs i s  achleved by one o r  
more of a number of processes which include 

Sand filtration - raprd gravi ty  
upward flow 
slow sand 

Microstralners 
upflow pebble f l l t e r s  
Maturation ponds 
Grass p l o t s  

These processes normally reduce fu r the r  the amount of biodegradable organrc 
material  i n  t he  e f f luen t  and reduce considerably t h e  number of remaintng 
bac ter la  



PAPER 2 

National Course on Waste Stab~lizatlon Ponds : 

Desiqn and Operation 

Alexandr~a, Egypt, 12-20 September 1981 

INTRODUCTION TO PRELIMINARY TREATMENT . 
SCREENING AND GRIT REMOVAL 

J . Lumbers 

Public Health (Environmental) 
and Water Resaurce Enqineerlng 
Imperial College 
London 



PRELIMINARY TREATMENT 

1 De f~n i t i on  

Removal of g r ~ t ,  rags and large objects in o rde r  t o  protect  pipes f rom 

blockage and pumps from undue wear Prellmlnary treatment com- 

pr ises two stages. 

1. g r i t  removal 

2 screening. 

2 A p p l ~ c a t ~ o n s  & Methods 

2.1 G r i t  Removal 

G r ~ t  removal i s  r e q u ~ r e d  f o r  all waste waters l i ke ly  t o  contam s ~ g n i f l -  

cant quan t~ t i es  o f  grtt 1.e. where road o r  y a r d  run-o f f  enters the 
sewers. 

The settlement o f  g r t t  In pipes and chambers can ult lmately lead t o  

blockage and In tanks a r e d u c t ~ o n  in capacity e.g. In  d~ges t ion  tanks  

Wtnd-blown sand IS a part tcular problem in some areas 

G r l t  removal IS preferable, b u t  no t  essential, p r i o r  t o  waste stabillsa- 

t ion ponds. A deepentng o f  t h e  pond at  t h e  po ln t  af in let  may be  

provided t o  allow f o r  g r i t  accumulat~on, but p e r l o d ~ c  emptying w ~ l l  

st111 be  r e q u ~ r e d .  

G r i t  removal 4s usual ly located upstream of  all a ther  treatment stages 

other  than coarse-med~um screens w h ~ c h  are used as a f ~ r s t  stage 

p r l o r  t o  g r i t  removal. 

The prbncipal methods of g r l t  removal are. 

A constant velocity g r i t  channels 

6. det r i to rs  

C aerated g r i t  channels 

D vor tex  g r r t  tanks 

E. plsta g r i t  t raps  



2.1.1 Constant Ve loc~ ty  G r i t  Channels 

Figure 1 shows a p lan of a g r i t  channel. The  deslgn objective i s  t o  

ensure a constant velocity o f  0.3 m/s in o rde r  t o  sett le ou t  g r l t  but 

no t  t h e  l igh ter  organic matter A constant velocity w i th  depth IS 

ach~eved by using an approxlmatlon t o  t h e  ideal parabolic cross- 

section. 

Deslgns should always prov lde a t  least two channels to  allow f o r  

c lean~ng.  The  liqu~d depth  In the  channels IS regulated b y  a down- 

stream control  in t h e  form of a standing-wave flume o r  f low propor -  

t ~ o n a l  weirs . 
The  length of t h e  channel i s  chosen t o  be  about 20 tlmes the  maximum 

depth o f  flow, t o  allow for  In let  and out let  turbulences and d i f fe rent  

g r l t  par t ic le sizes. For a par t lc le w i th  a set t l lng velocity o f  0.03 m/s 

the length required t o  settle in a flow rate of 0 3 m/s is 10 times the  

maximum depth  and so a safety factor  o f  2 IS applied. 

G r i t  i s  removed manually on  small works o r  b y  vacuum s u c t ~ o n  equip- 

ment on  a travelling g a n t r y  on large works. Mechanically removed 

grit i s  of ten washed in a cyclone tank  pr ror  t o  disposal. 

2.1 2 Detr i tors 

Detr l tors, a patented design, are shallow square tanks across w h ~ c h  

f low is  uni formly d ~ s t r l b u t e d  t o  malntaln an average v e l o c ~ t y  o f  

0.3 m/s Rotating scraper blades are used t o  move t h e  settled g r l t  

t o  an i n c l ~ n e d  c leans~ng channel, F igure 2 The cleanrng channel 

consrsts o f  a reciprocating rake which assists rn washing the  organic 

matter from t h e  g r l t .  A small pump also p r o v ~ d e s  a counter c u r r e n t  

o f  sewage along the  cleansrng channel to  c a r r y  away the organic 

matter 

2 1 3 Aerated G r i t  Channels 

Aerated grtt channels are slmllar to  constant velocity channels except 

tha t  t h e  organrc matter IS kep t  In suspensron b y  of fset  aeratlon 11nes 

causing a splral  f low pat te rn  over t h e  cross-sectlon. The g r l t  fa l ls  

t o  hoppers In the  floor o f  t he  tank  arid IS removed b y  a l r - l t f t  o r  

other  pumps. Where preaeratlon of a sewage IS desirable, fo r  

example In warm climates, aerated g r l t  channels serve a useful dual 

f u n c t ~ o n  



2 1 4 Vortex G r i t  Tanks 

A vor tex  grrt separator IS shown In Figure 3 and comprises a c l rcular  

conrcal bottomed tank  and an adjacent g r l t  washer Flow enters the  

tank  tangentrally In whlch a vor tex  IS set-up ass~sted b y  paddles o r  

a l r  d i f fusers Grr t  fal ls t o  the bottom and i s  a r r - l ~ f t e d  t o  the  adja- 

cent  grit washer The grlt washer comprrses a vor tex  unit below 

whrch IS a strll-water chamber from whlch clean g r r t  IS removed 

Organrc matter i s  syphoned back to  the  marn treatment stream 

2 1 5 Prsta Grrp Traps 

The p is ta g r r t  trap, F lgure 4, IS another patented devrce and also 

works on the  asslsted vor tex  settlrng prrnclple G r ~ t  IS a l r - l l f ted t o  a 

dralnage basln and IS f ree  from organlc matter due to  counter-current  

a l r  scourrng In the  sump pr ror  t o  removal. 

2 2 Screening 

Screen~ng removes rags and other  d e b r ~ s  l ike ly  t o  cause a nursance 

d u r i n g  subsequent treatment. Floatlng masses o f  d e b r ~ s  would other- 

wrse collect In tanks, chambers o r  ponds and In addit lon t o  belng 

unpleasant t o  remove can also provrde breeding sltes f o r  f i les 

Screen~ng,  therefore, IS regarded as belng preferable a t  most works 

Where regular  cleanlng o f  hand-raked screens o r  maintenance o f  

mechanrcal screens IS no t  ensured then, depend~ng on the  followrng 

processes, ~t may somet~mes b e  sensrble t o  allow the  flow to pass 

drrect ly  t o  a pond say where rntermlt tant removal or  s lnk lng  o f  

f loatrng molecules o f  debr ls  may be the  only practrcal solution, despite 

the  disadvantages 

Where screens are rnstalled (manual o r  mechan~cal) ~t IS always neces- 

sary  t o  provrde an overf low and by-pass fac l l l t y  t o  prevent  localrsed 

floodrng around the  works and ' lback~ng-upl' In the  sewer In the 

event  o f  the screens becoming blocked. 

Screenings removed from the  screens must b e  d:sposed o f  in d sanl- 

t a r y  manner, erther by b u r ~ a l  o r  ~nc lnera t ion  Material l e f t  l y l ng  In 

the open wrll a t t ract  f l ~ e s  and rodents and represents a health 

hazard 



Screens may also be  used f o r  storm-water overflows and also sea 

outfalls. 

Screens are  typical ly  d iv ided in to  two categorles: coarse and f ine  

screens. The  dividing size o f  aperture o r  ba r  spacing IS about 

10 mm. Microscreens o r  u l t ra f ine  screens are usual ly those w i th  mesh 
openlngs o f  less than 0.065 mm T h e  pr lnc lpal  types o f  screens In 

common usage are: 

A. ba r  screens - ver t ica l  o r  seml-vertical 

B. seml-rotary o r  ro ta ry  screens 

C hydrasleve o r  "run-down" screens 

D. commlnutors and "screezers" 

T y p ~ c a l  volumes o f  screentngs in t h e  UK are about 0.01-0.03 m3/lOOO 

people b u t  t h e  amount depends on the: 

o t y p e  and characterlstrc o f  waste water 1.e. industr ia l  content, 

housing t y p e  

o size o f  aperture between t h e  bars. 

The  slze o f  opening between the  ba rs  depends on the  min~rnum size 

allowable fo rward  to whatever process follows. For  example the  

following openings are appropriate: 

Locat ion 

p ro tec t i on  of sewage 100-150 
PlrmpS 
treatment works i n l e t  15-25 
storm overflows 20 
sea o u t f a l l s  5 

Screens are of ten re fer red t o  as coarse medium, f ine  and mrcro, and 

t h e  classification IS rough ly  as follows: 

mlcro-screens (strainers - < 0.065 mm opening 

f lne  screens - < 10 mm 

medium 10 - 20 mm 

coarse screens > 20 mm 



Screens may be e i ther  hand-raked o r  mechan~cally raked 

Hand-raked screens are ~ns ta l l ed  where regular  cleaning is guaranteed 

and where mechanically-raked screens are Inappropriate due to  lack of 

ski l led maintenance staff ,  power supply o r  whatever 

Al l  screens are d e s ~ g n  t o  ensure no deposi t~on of solids a t  low flow 

periods and no " forc ing- through" o f  materlal a t  h ~ g h  flows. Typical 

ve loc~t ies are not  less than 0 3 m/s and not  exceeding 1 0 m/s where- 

ever possible. 

Screen bars are used havrng various cross-sect~ons.- 

tapered - most common and easy to  rake 

paral lel  - tend to  block more e a s ~ l y  

tapered and parallel - 

round 



2.2.1 Semi-rotary Screens 

Semi-rotary screens (Figure 5) are used In re lat ive ly  shallow channels 

o f  1 0-2.5 m deep and of similar w ~ d t h s .  Minimum openings o f  12 mnl 

between bars  are  usual and la rger  openings posslble according to 

manufacturer. 

2 2.2 Rotary Screens 

Rotary screens (Figure 6) desc r~be  a full c i rcu lar  motion and are 

more prone to jamming of t h e  arm than the  semt-rotary. Widths of 

0.6-1.5 m and depths o f  u p  t o  1.5 m are typlcal  

2.2.3 Vertical o r  Semi-vert~cal Screens 

The ver t ica l  o r  semi-vertical screens (Figure 7) are suitable f o r  much 

greater  depths and have t h e  advantage of l i f t l ng  the  screenings to  

any he ight  required. The  ver t ica l  screen IS cleaned b y  a single g r a b  

actlon while t h e  semi-vertical IS cleaned b y  m u l t ~ p l e  f ines mounted on 

a continuous belt. 

2 2.4 Hydrosieve o r  "Run-down" Screens 

"Run-down" screens (Figure 8) have ba r  openings o f  1.5 mm and a 

face w id th  o f  1-2 m and a h e ~ g h t  o f  about 1.4 m. A high level feed 

box IS r e q u ~ r e d  and t h e  total  head loss requ i red  is  o f  t h e  o rde r  o f  

2.4 m w h ~ c h  IS a posft ive disadvantage o f  an o the rw~se  ef f ic ient  

screen w i th  no moving par ts .  These screens are commonly a p p l ~ e d  t o  

f ib rous  t n d u s t r ~ a l  wastes w i th  cons~derable success 

2.2.5 Commlnutors and "Screezers" 

Commlnutors are hollow drum screens ver t ica l ly  mounted w i th  an 

~ n t e r n a l  blade w h ~ c h  shreads t h e  material caught  on t h e  o u t s ~ d e  

(Flgure 9). The  cu t t l ng  teeth requtre regular  c h a n g ~ n g  about once a 

year and problems have been encountered w ~ t h  t h e  tear ing o r  syn-  

the t lc  rag  material in to s t r i ps  w h ~ c h  become entangled on pump impel- 

lers o r  collect In "s t r ingy"  masses 

"Screezers" a re  h y b r i d  comminutors w h ~ c h  also remove screens and 

dewater and bale them in addit ion t o  performing as a comminutor. 



2 2.5 Dlsposal o f  Screen~ngs 

Screen~ngs from most screens e l ther  must be moved b y  hand from the  

col iect~on t rough  o r  washed automat~cally b y  a separate system tlmed 

t o  the  screening rakrng mechanism. 

Screens are raked automatlcally e l ther  on  a regular  tlmed b a a s  or/and 

b y  measurement o f  d i f ferent ia l  head-loss over  the  screen. Head 

differences may be measured b y  f loat  chamhers o r  ul tra-sonlc tech- 

nlques 

Screen~ngs materials requ i re  proper handl lng and some form o f  de- 

waterlng IS desirable In larger  works, such as presses o r  rol lers 



Plan of  g r i t  channel 

Detri tor 

Vortex g r i t  separator 

Pista g r i t  t rap  

Semi-rotary screens 

Rotary screens 

Vertical and semi-vertlcal screens 

hydrosieve 

cornminutors 
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PRIMARY TREATMENT 

Primary treatment In the process of removing settleable so l~ds  from 

raw waste water in primary settlement tanks. 

2 Appl icat~on 81 Methods 

Primary treatment In  settlement o r  sed~mentation tanks can remove u p  

to  50 percent of t he  BOD of the raw waste and up t o  70 percent of 

the suspended solrds, the subsequent pollution load to  the secondary 

treatment stages rs thereby substantrally reduced, although the prob- 

lem o f  treat ing and drspos~ng of pr imary sludge IS introduced 

Primary settlement i s  provided on most treatment plants, the excep- 

t ~ o n s  being. 

o waste stabilisation ponds sometimes anaerobic pr imary ponds o r  

zones employed 

o oxrdatron ditches "complete1' ox~datron In aeration tanks 

o rotat lng biological contactors small plants w ~ t h  Integral septrc 

tank. 

Primary sett l ing tanks are des~gned as continuous flow uni ts  and are 

either rectangular o r  c ~ r c u l a r  Sludge IS moved b y  scraper blades t o  

a hopper o r  t rough and removed b y  hydrostat ic head. I n  additron t o  

settled sludge removal it rs necessary to  provrde surface scum-draw- 

o f f  f a c r l ~ t ~ e s  to  remove floating debris 

Equal f low dis t r ibut ion to  each tanks is  Important and t h ~ s  must be 

ensured b y  usrng proper ly  desrgned f low-spl i t t ing chambers 

There are three prrncrpal types of pr imary settlement tank 

A horrzontal flow, rectangular 

B. r a d ~ a l  flow, circular 

C. upward flow, square o r  circular 



Hor~zon ta l  Flow, Rectangular Tanks  

A t y p ~ c a l  ho r~zon ta l  f low s e t t l ~ n g  t a n k  IS shown In Frgure 1 

Where settlement column tests  cannot b e  performed o n  t h e  waste water 

t o  be  t reated emprr~cal  d e s ~ g n  must  b e  used There  are two b a s ~ c  

parameters t o  b e  s a t ~ s f ~ e d  In d e s ~ g n  sur face l o a d ~ n g  and retentron 

perrod 

For horrzontal f low tanks, t h e  maximum sur face loadtng IS normal ly 

about 30 mJ/mzd for  flow rates u p  t o  3 DWF Where maxrmum f low 

rates exceed t h ~ s  level h ~ g h e r  surface l o a d ~ n g  rates have been used 

The  ASCE Manual o f  Practlce (1977) g ives some gurdance o n  t h e  

adjustments t o  be  made f o r  peak flow rat los averaged ove r  d r f fe ren t  

t ~ m e  pe r~ods ,  I e 4, 3, 6 h o u r  

T h e  retentron p e r ~ o d  In pr lmary  sedrmentat~on tanks  appears t o  b e  t h e  

most ~ n f l u e n t ~ a l  factor  (g lven  normal desrgn) and a typrcal  value used 

IS 2 hou rs  mlnrmum retentron a t  peak f low rate, g rv lng  over  6 hou rs  

r e t e n t ~ o n  a t  average f low ra tes  

In warm climates, where sewage tends t o  become septrc r a p ~ d l y ,  

r e t e n t ~ o n  perrods of ove r  6 hours  fo r  much of t he  trme wrll lead t o  

poor t ank  performance and serious smell nulsance M ~ n ~ m u m  r e t e n t ~ o n  

perrods o f  1% hours  o r  less have been used 

Frequent  d e s l u d g ~ n g  IS necessary t o  avord anaerobrc a c t ~ v ~ t y  causlng 

sludge to b e  l t f ted  t o  t he  surface 

Typrcal  dlmenslons are about 1 5 m deep a t  t he  ou t le t  end f o r  small 

tanks and  u p  t o  3 0 m deep f o r  large tanks  

T h e  sur face d ~ m e n s ~ o n s  f o r  small t anks  are a b read th  t o  leng th  ra t lo  

o f  1 2 t o  1 4, w h ~ l e  la rger  tanks  may b e  u p  t o  100 m long w ~ t h  t h e  

w ~ d t h  berng drctated b y  t he  total  area r e q u ~ r e d  and  t h e  specr f icat~on 

o f  avarlable scraper mechan~sms 

Werr overf low rates o f  no t  more t h a n  450 ma/md have been recommen- 

ded  al though t h e  rmportance o f  t h i s  fac to r  is n o t  p roven  as t h i s  

depends o n  t h e  o ther  hydraul rc  charactertstrcs of each t ank  

T h e  In le t  d e s ~ g n  i s  Important t o  avord resuspms ion  o f  sett led sludge 

o r  sho r t - c r r cu~ t i ng  The  IWPC Manual o f  Pract ice (1973) discusses 

t h e  var lous d e s ~ g n s  In some detarl w i t h  examples o f  rmprovements 

which have been made 



Typical f loor slopes o f  1 i n  40 have been used in small, manually- 

desludged tanks, whlle tanks wl th mechan~cal scrapers should have a 

fal l  o f  a t  least 1 in 200. There are two main types o f  scraper: travel- 

l ing b r ~ d g e  and f l ~ g h t  scrapers, Flgure 1. The travel l ing br idge type 

has one vertical o r  t r a ~ l l n g  scraper blade which IS r a ~ s e d  on re tu rn  

af ter  sweeping p a r t  o r  all o f  the tank. The f l i gh t  scrapers have a 

number of blades which are dr iven b y  a continuous cham and re tu rn  

along the surface 

Sludge is collected Into hoppers o r  a t rough and withdrawn under 

hyd ros ta t~c  pressure. Scum often accumulates in primary tanks and 

~t IS necessary t o  provide scum boards, submerged to  a depth o f  

about 500 mm and about a metre from the  out let weir, in order  t o  

prevent it passlng on t o  the  subsequent treatment stages. An auto- , 
matic o r  mechan~cal scum removal device is  desirable. The sludge 

removed from mechanically scraped tanks has a typical so l~ds content 

of 3-7 percent. 

Rectangular tanks make e f f l c~en t  use o f  land and are less expenslve 

to construct w ~ t h  water levels 2-3 m above ground than c ~ r c u l a r  

tanks, which IS sometimes an advantage. 

Rad~al  Flow Tanks 

Rad~al  tanks have grown In popularity, perhaps because o f  the i r  

Improved appearance, ease of flow distr ibutron and collection o f  

sludge A typical tank is shown In  Flgure 2 showlng the  scraper 

blades and central sludge hopper 

The d e s ~ g n  surface load~ng o f  r a d ~ a l  flow tanks is quoted b y  the IWPC 

Manual o f  Practice (1973) as 45 ml/mzd a t  peak flow rate, although 

. t h e  de f in~ t ion  o f  th is  maxlmum flow rate i s  no t  glven Retention 

periods o f  not  less than 2 hours a t  maximum flow rate are typrcal, 

b u t  again .I% hours o r  less has been used w ~ t h  success. 

The t y p ~ c a l  diameters o f  r a d ~ a l  tanks are In the  range o f  12 to 30 m 

and any d e s ~ g n  should be  done in the light of the  available e q u ~ p -  

ment The l ~ q u ~ d  depth a t  t he  side wall s h u l d  not  be less than 

1.5 m and i s  normally about 1/6 - 1/10 o f  t he  dlameter Floor slopes 



of 7%-lo0 are  typ ica l  and t he  cent ra l  hopper  should b e  sized t o  ho ld  

about  one day's s ludge production Various ~ n l e t  designs have been 

t r i e d  and n o  consistent pract ice has emerged genera l ly  t he  In le t  

ba f f le  o r  d i f f use r  d rum is suppi led b y  t h e  scraper manufactures 

T h e  out le t  we i r  must  again be  protected b y  a scum board  and castel- 

lated wel r  p lates a re  commonly employed as t h e y  requ i r e  less accurate 

s e t t ~ n g  t han  f l a t  wetr p lates o r  copings 

The re  a re  two  t ypes  o f  scrapers  f i x e d - b r ~ d g e  and ro ta t i ng  b r rdge  

Rotat ing b r i d g e  scrapers  tanks  t e n d  t o  be used on  smaller tanks  

Scum removal devices a re  read i l y  ~ n c o r p o r a t e d  and occasionally wall  

scrapers a re  also ~ n c l u d e d  

2 3 Upward Flow Tanks  

Upward  f low tanks  were once cornrnonly used on  small-medium sized 

works  and  a re  s t i l l  p re fe rab l y  where mechanical s ludge removal IS no t  

p r e t e ~  r e d  A t y p ~ c a l  tarlk i s  shown in F igure  3 Because o f  t h e i r  

g rea t  dep th  t hey  tend  t o  b e  expensive to  csns t ruc t  and are no t  

pract icab le  In bad  g r o u n d  condi t ions 

T h e  sur face loading ra te  should  n o t  exceed about 29 m3/m2d ideally, 

b u t  rates u p  t o  40 m3/rn2d have been successful ly employed M ~ n ~ m u m  

r e t e n t ~ o n  per iods o f  1%-2 huu rs  are common T h e  slope o f  t h e  t ank  

walls should  no t  be less then  60" f o r  square tanks  and 45' f o r  c l r cu -  

la r  tanks  



Ftgure 1 - Hor~zontal f low tank 

2 - R a d l a l f l o w t a n k  

3 - Upward flow tank 
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tlr. K.V. Mlis .- 

Measurement of Basic  Water Po l lu t i on  Parameters and t h e i r  I n t e r p r e t a t i o n  

The b a s i c  parameters may be l i s t e d  as  

pH 
Temperature 
Suspended Sol ids  
Dissolved Oxygen 
B.O.D. (Biochemical Oxygen Demand) 
4 hour Permangenate Value I b/80 ; 
C.O. D. (Chemical Oxygen Demand) 
T.O.C. (Total Organic Carbon) 
Tota l  Organic Nitrogen 
Tota l  Oxidised Nitrogen 
Free and Sa l ine  Amnonia 

Dissolved Oxygen 

A i r  i s  only'Slight1y so lub le  i n  water and only - 20.9% of a i r  is oxygen. 

The dissolved oxygen Content of water var iee:  

(i inverse ly  with s a l i n i t y  
(ii) d i r e c t l y  with pressure  
( i i i )  i>verseiy w i t h  temperature 

Normally t he  pressure  e f f e c t  can be ignored. A t  OOC and 100 -11 C1 the  s a t u r a t i o n  

concentrat ion of d i sso lved  oxygen i n  water rs about 14.0 mg/l 

On t h i s  small mount  of dissolved oxygen depends a l l  t h e  aqua t i c  l i f e  of a normal 

stream. The addi t ion  of e a s i l y  bio-degradable organic  m a t e r i a l  t o  t h e  water 

(po l lu t ion)  l eads  t o  an increased a c t i v i t y  among the  b a c t e r i a  and other  micro-organxsms 

which a r e  ab l e  t o  u s e  t he  added complex organic  chemicals as food! sources.  These 

micro-organisms a r e  ae rob i c  i . e .  they r equ i r e  oxygen dissqlved i n  t h e  water t o  support 

t h e i r  metabolic react ions .  

Hence a s t imulated a c t i v i t y  i n  theee organisms fan lead quickly to a depletion i n  the  

dissolved oxygen content  of t he  waterf t o  the  d;ath of a l l  normal aqua t i c  l i f e ,  and t o  
I 

complete deoxygenation which i s  charsc te r i sed  by the m i s s i o n  of hydrogen sulphidc.  



rhe  r a t e  of r eoxygena t ion  of a  p a r t i a l l y  d r t~xygena ted  water  i s  p rop ( t l t i ona1  t o  t h e  

ox jgen  d e f i c i e n c y  and d e s c r i b e d  by t h e  f i r s t  o r d e r  e q u a t i o n .  

Where C - s a t u r a t i o n  v a l u e  of t h e  d i s s o l v e d  oxygen 
S 

CB - bu lk  d i s s o l v e d  oxygen c o n c e n t r a t i o n  

-1 
k V 2  r e a e r a t i o n  c o e f f i c i e n t  (T 1 

- 1 
k q L  r e a e r a t i o n  c o e f f i c i e n t  (MassLransfer  u n l t s  1,T ) 

k2 i n c r e a s e s  w ~ t h  t empera tu re  a c c o r d l n g  t o  t h e  expression 

Hence, a l t h o u g h  t h e  s o l u b i l i t y  of a i r  i n  water  d e c r e a s e s  w i t h  i n c r e a s e  of temperacure 

t h e  r a t e  of r e a e r a t i o n  i n c r e a s e s .  

The Blochemical  Oxygen Demand T e s t  ( B  O.D. ) 5 

When r e a d i l y  d e g r a d a b l e  o r g a n l c  m a t t e r  (sewage) i s  d i s c h a r g e d  t o  a  s t r eam a  n a t u r a l  

p r o c e s s  of s e l f - p u r i f i c a t i o n  i s  i n r t i a t e d .  A l l  s u r f a c e  w a t e r s  c o n t a i n  b a c t e r i a  and 

o t h e r  micro-organisms whlch a r e  capab le  of attacking t h e  complex chemica ls  of 

p o l l u t i o n  and u t i l i z i n g  them a s  s o u r c e s  of energy  and of new c e l l u l a r  m a t e r i a l  

These  micro-organisms a r e  e s s e n t i a l l y  ' a e r o b i c '  i n  t h a t  t h e y  r e q u i r e  oxygen, 

d i s s o l v e d  i n  w a t e r ,  i n  o r d e r  t o  c a r r y  on t h e i r  m e t a b o l i c  p r o c e s s e s .  A s  t h i s  

d i s s o l v e d  oxygen i s  used by t h e  a e r o b l c  b a c t e r i a ,  t h e  l i m i t e d  amount a v a i l a b l e  a t  

any one t ime i n  wa te r  i s  dec reased .  The d e c r e a s e  I n  d i s s o l v e d  oxygen a s  a r e s u l t  

of b a c t e r i a l  a c t i v i t y  is d i r e c t l y  r e l a t e d  t o  t h e  amount of p o l l u t i o n  added. 

B a s i c a l l y  t h e  Biochemical  Oxygen Demand (B.0 D. )  is  an a t t e m p t  t o  r l t r l i z e  t h i s  

n a t u r a l  phenomenom t o  q u a n t i f y  water  p o l l u t i o n  (2,3). The B  O.D. i s  a  measure of 

t h e  d i s s o l v e d  oxygen r e q u i r e d  by purifying organisms i n  a d e f i n i t e  volume of l i q u i d  

i n  o r d e r  t o  b reak  down t h e  a v a r l a b l e  o t g a n i c  m a t e r i a l .  

If a  q u a n t i t y  of p o l l u t e d  w a t e r  1s p l a c e d  I n  a s t o p p e r e d ,  a i r - L i g h t  b o t t l e ,  t h e  

c o n c e n t r a t i o n  of dissolved oxygen w i l l  d e c t c n s e  a c c o r d l n g  t o  a f i r s t - o l d e r  equnLLon 

u n t i l ,  a f t e r  abou t  20 days ,  t h e  a c t i o n  w i l l  have effectively ceased  T h i s  t o t a l  d r o p  

i n  t h e  d i s s o l v e d  oxygen i s  conm~only r e f c l ~ e d  t o  a s  t h e  Ul t ima te  Oxygen Demand (U 0.D ) 

b u t ,  n a t u r a l l y ,  t h e  p e r i o d  of t h e  t e s t  i s  f a r  t o o  long f o r  normal l a b o r a t o r y  p l  21-ticc. 

For t h l s  r ea son  a  s t a n d a r d  t ime f o r  t l ie  B 0 D.  test  of 5 days  has  been  s e l c c t c d  911d 

t h l s  p e r i o d  IS ofJen indicated by tlie s u b s c r i p t  t o  t h e  l e t t e r s  B 0  D. 
5- 



Biological a c t i v i t y  increases  with temperature qnd there fore  the higher t he  

temperature of t he  test t h e  more dissolved oxygen w i l l  be  used up i n  f i v e  days. 

To enable r e s u l t s  to  b e  reproducible and comparable a standard temperature of 

20°C i s  always uaed. 

For t h e  same reasons,  i .e.  those  of r ep roduc ib i l i t y  and conparab i l i ty  i f  it i s  

necessary t o  d i l u t e  t h e  o r i g i n a l  sample because of i t s  excessive organic  s t r eng th  

then a standard d i J u t i o n  water containing prescr ibed concentrat ions  of f e r r i c  

ch lor ide ,  calcium ch lo r ide ,  magnesium sulphate  and a buffered phosphate so lu t i on  

i s  used. 

The B.O.D. i s  there fore  an attempt t o  s imulate  t he  na tu ra l  decomposition of organic 

wastes through aerobic  microbial  ac t ion  under standard condi t ions  and f o r  a 

standard time. 

It i s  f i r s t  necessary t o  decide on a s u i t a b l e  d i l u t i o n  of t h e  o r i g i n a l  sample t ha t  

w i l l  r e su l4 , i n  a decrease of t h e  d.0. content  of t he  water by between 3 and 5 mg/l. 

The sample i s  then d i l u t e d  with  the  necessary volume of t he  s tandard,  well-aerated 

d i l u t i o n  water,  placed i n  a s u i t a b l e  a i r - t i gh t  b o t t l e  and tho  i n i t i a l  d issolved 

oxygen content  determined. After  f i v e  days i n  a dark incubator a t  20 '~  the  f i n a l  

d.0. content  i s  determined and the  B.O.D. is  reported a s  mg/l. 

The dark incubator i s  e s s e n t i a l  a s  the  water sample may contain  photosens i t ive  a lgae  

which produce oxygen under the  in£ luence of l i g h t  which w ~ u l d  i n v a l i d a t e  the  whole 

test. 

The B.O.D. t e s t  is e s s e n t i a l l y  one of carbonaceous ox ida t ion  i.e. t he  breakdown of 

organic  (carbon containing)  molecules t o  carbon dioxide,  water and ammonia. I t  is 

not  a measure of t he  dissolved oxygen used by au to t rophic  b a c t e r i a  i n  t he  ox ida t ion  

of amanonia t o  n i t r i t e  and n i t r a t e .  Un t i l  f a i r l y  r e c e n t l y  i t  was considered t h a t  

ox ida t ion  of the  aomonia t o  n i t r a t e s  i n  the  B.O.D. t e s t  d i d  n o t  canmence u n t i l  a f t e r  

f i v e  days and hence was of no  s ign i f i c ance  t o  t he  r e s u l t .  

Th i s  i s  now appreciated t o  b e  f a l s e  and under c e r t a i n  condi t ions  i , e .  t he  

presence of s u b s t a n t i a l  q u a n t i t i e s  of the  n i t r l t e  and ni t ra te-forming b a c t e r i a  i n  the  

o r i g i n a l  sample together  with an i n1  t i a l  concentrat ion of ammonia, t h e  oxygen demand 

of the  a m o n i a  ox id i s e r s  can be i n t ense  and can cause a complete misrepresentat ion of 

t he  carbonaceous ox ida t ion  r e s u l t .  For t h i s  reason t he  amaonia 0x1 dis ing bac t e r i a  -- 
a re  normally i n h i b i t e d  i n  t he  B.O.D. t e s t  by t he  addi t ion  of a small quant i ty ,  of 

Ally1 Thiourea (A.T.U.) 



l l ~ e  n~ lc ro -o rgan l s~ns  i n  t h e  B . 0  D. t e s t  a r e  a l s o  l i a b l e  t o  be  i n h l b i t r d  by Lhe 

presence  of t o x i c  e l emen t s  and compounds ( l e a d ,  hexava len t  chromiu~n, cyanide  e t c ) .  

I h i s  i n h i b i t i o n  w i l l  l e a d  t o  a r t i f i c i a l l y  low r e s u l t s  which w i l l  o n l y  be  r ecogn i sed  

by comparison w i t h  t h e  r e s u l t  of chemica l  o x i d a t i o n  tests. 

The B O.D. test i s  g e n e r a l l y  a c c e p t e d ,  f o r  a l l  p r a c t i c a l  pu rposes ,  t o  f o l l o w  

' f i r s t - o r d e r '  k i n e t i c s  i n  t h a t  t h e  r a t e  of t h e  r e a c t i o n  ( b a c t e r i a l  decay of o r g a n i c  

m a t t e r  o r  u p t a k e  of d .0 . )  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  amount of  o r g a n l c  m a t t e r  

remaining. 

where C 1s t h e  c o n c e n t r a t i o n  of t h e  o r g a n l c  p o l l u t a n t s  a t  t h e  beginning .  

~ f  L, t h e  u l t i m a t e  B.O.D. r e p l a c e s  C t h e n  on i n t e g r a t i o n  one o b t a i n s  

where L t  i s  t h e  B.0.D r ema in ing  a t  any t i m e  t. 

I f  y  i s  t h e  B.O.D. a l r e a d y  e x e r t e d  a t  t lme t then  

T h i s  is  t h e  c l a s s i c  form of t h e  B 0 D. equa t ion .  k i s  t h e  r a t e  c o n s t a n t  f o r  t h e  

r e a c t i o n  and i s  normal ly  c o n s i d e r e d  t o  b e  abou t  0.1 days  a l t h o u g h  h i g h e r  f i g u r e s  

are ob ta ined  w i t h  many o r g a n i c  compounds, p a r t  r c u l a r l y  t h o s e  i n  i n d u s t r i a l  was tes .  

I t  might  be cons ide red  t h a t  t h e  u l t i m a t e  oxygen demand (U O.D.) should be  equa l  t o  

t h e  amount of oxygen used i n  t h e  chemical  o x l d a t l o n  of  a  subs t ance .  T h i s  IS n o t  

no rma l ly  so.  A g l u c o s e  s o l u t i o n  w l t h  a  theoretical oxygen demand of  300 mg/ l ,  i e .  

t h e  oxygen n e c e s s a r y  t o  c o n v e r t  t h e  g lucose  e n t i r e l y  t o  wa te r  and carbon d l o x r d e ,  

w i l l  normal ly  o n l y  g i v e  a  U.0 D of between 250 and 280 mg/l .  T h i s  i s  a  r e s u l t  of  

t h e  conve r s ion  of a  proportion of t h e  g l u c e s e  i n t o  f r e s h  b a c t e r i a l  c e l l s  i n s t e a d  of 

d l r e c t l y  o x i d i s i n g  i t  a l l  comple te ly .  



Ihe B.0 D. has many dissdvantagcs  which include the  inaccuracy of the t e s t  

p ~ o c e d u r e ,  t he  length of t h e  t e s t ,  the  v a r i a b i l i t y  of the r a t e  cons tan t ,  

s ~ s c c p t i b i l i t y  t o  the  presence of i nh ib i t i ng  agents and uncer ta in ty  a s  t o  

what exac t ly  is being measured. The t e s t ,  however, remains t he  be s t  s ing le  

parameter of water p o l l u t i o n  and of the b io - ava i l ab i l i t y  of organic  waste. 

I f  pos s ib l e  the  B.O.D. r e s u l t s  should always be compared with those from a 

chemical oxidat ion t e s t  of t he  same simple. 

Chemical methods of evaluat ing water po l l u t i on  

These methods depend upon t h e  chemlcal ox ida t ion  of t he  complex chemicals of 

p o l l u ~ i o n .  Chemical ox ida t ion  t e s t s  a r e  valuable  e i t h e r  as a d i r e c t  measurement 

of t he  po l l u t i ng  organ ic  mate r ia l  p resen t  o r  a s  a  check on the v a l i d i t y  (absence 

of i nh ib t i ng  e f f e c t s )  of t h e  B.O.D. r e s u l t s .  The i r  genera l  weakness i s  t h a t  they 

do no t  ox id i se  s u f f i c i e n t  o rgan ic  mate r ia l  (4 hours P.V.) o r  t h a t  they ox id i se  

too inuch. They do no t  represen t  a  m e a s ~ ~ r e  of t he  biodegradable organic  mate r ia l  

i n  t h e  water. 

Four Hour Permanganate Value Tes t  (N/80) 

This  t e s t  r e l i e s  upm an ac id  so lu t i on  of potassium permanganate t o  ox id i se  organic 

mate r ia l .  I t  takes  p lace  a t  a  standard temperature (27OC). f o r  a  standard time 

(4 hours) and with a  standard i n i t i a l  concent ra t ion  of permanganete ( N ) ( M )  I t s  
(53) (G55). 

pr inc ipa l  value i s  i n  i t s  ea se  of performance and t he  r e l a t i v e l y  short  period of 

time necessary compared with t he  B.O.D. t e s t .  

There a re  two 4 hour PV t e s t s ;  one f o r  wastewater and another,  u t i l i z i n g  a  l a rge r  

volume of sample and a  smal ler  volume of permanganate, f o r  po tab le  waters.  The 
N wastewater t e s t  employs 10 m l  of 25% su lphur ic  ac id ,  50 m l  of a potassium 

permanganate together  with 100 m l  of t he  sample. The oxrdation i s  usual ly  incomplete 

s o  a  p r ec i s e  cont ro l  of t he  test is e s s e n t i a l ,  but  even so,  r e s u l t s  a r e  of l imited 

value (6). The r a t i o  of B.O.D. t o  4  hour PV v a r i e s  from about 4:l  f o r  crude nunicipal  

wastewater t o  1.6:l f o r  a  wel l  pu r i f i ed  e f f l u e n t .  

Other Pennanganate Tes t s  

N A 3-minute t e s t  employing - permanganate i s  soriletimes used t o  determine the 80 
imnediate oxygen demand of t r ade  wastes. 

The HcGowan s t r eng th  of a  wastewater i s  s t i l l  soret imes determined using a  s t ronger ,  

(N)(?-) permanganate so lu t ion .  Tl~e formula 
( 40 

Strength of wastewafer = 4.5N + 6.5P 

N i s  camployed where P i s  the - pcrlmngnnate value and N i s  the  separately dc*tr~lnincd 
8 

anrnoniacnl and organic  n i t rogen  con t en t .  



Cllc~nlcal Oxygen Denland (C.0 D ) 
.-. -- 

T h i s  r e p r e s e n t s  a l a t e r  development t h a t  t h e  4 hour P.V. t e s t  and h a s  now l a r g e l y  

superseded i t .  The C.0 D. r e l i e s  on t h e  s t r o n g e r  o x i d i s r n g  power of s; potass ium 

d lc l~ ro lna t e  s o l u t i o n  o p e r a t i n g  i n  b o i l i n g  s u l p h u r i c  a c i d .  The  r e a c t i o n  trme i s  two 

hour s .  

I n  o r d e r  t o  a s s i s t  i n  t h e  break-down of c e r t a i n  o r g a n i c  molecu le s  such  as s t r a i g h t  

c h a i n  aliphatic a c i d s  t h e  c a t a l y s t  s i l v e r  s u l p h a t e  i s  added t o  t h e  reaction. D e s p i t e  

t h e  p re sence  of  t h e  c a t a l y s t  some conlpounds p o s s e s s ~ n g  a  benzene r i n g  s t r u c t u r e  may 

~ ~ h l b l t  o n l y  p a r t i a l  and non- rcp rodur ib l e  break-clown ( 7 ) .  P y r i d l n e  111d c e r t a l n  o t l l r r  

i i c t e r o c y c l i c  compounds a r e  n o t  o x l d l s e d  by t h l s  r e a c t i o n .  Amnonia i s  not  oxldiscrl  t o  

nitrate, a l though  n i t r o g e n  i n  h i g h e r  o x i d a t i o n  s t a t e s  i n  some o r g a n i c  compounds w i l l  

be conve r t ed  t o  n i t r a t e .  

C h l o r i d e  i o n s  i n t e r f e r e  and may lead  t o  t h e  fo rma t ion  of v o l a t i l e  compounds t h a t  w r l l  

be  l o s t  by v o l a t i l i t a t i o n .  Th l s  i n t e r f e r e n c e  i s  l a r g e l y  p reven ted  by t h e  a d d i t i o n  of 

n iercur lc  s'u'lphate which supposedly  r e p r e s s e s  a l l  c h l o r i d e  i n t e r f e r e n c e  up t o  1,000 mg/l.  

and p e r m i t s  o n l y  s l i g h t  i n t e r f e r e n c e  up t o  1,000 mg/l .  I n  p r a c t i s e  t h e  a d d i t i o n  of 

t he  m e r c u r i c  s a l t  does  n o t  overcome a l l  c h l o r i o n  i n t e r f e r e n c e .  

The normal r a n g e  of a p p l i c a t i o n  of t h e  C  O.D. t e s t  IS from about  50 mg/l t o  400 mg/ l .  

There i s  a lways  an a p p r e c i a b l e  b lank and t h e  t e s t s  should  always b e  c a r r i e d  o u t  a t  

l e a s t  i n  d u p l i c a t e .  

The C.O.D. t e s t  is q u i c k ,  r e l a t i v e l y  s imp le  and a p p r e c i a b l y  r e p r o d u c i b l e .  I t s  

d i s a d v a n t a g e s  r e s u l t  f rom t h e  i n d i s c r i m m a t e  o x i d a t r o n  of o r g a n i c  ma t t e r .  Both g l u c o s e  

and l i g n i n  a r e  r e a d i l y  decomposed and consequen t ly  t h e r e  i s  no  d i f f e r e n t i a t i o n  between 

b iodegradab le  and non-biodegradable compounds The r a t i o  of C.O.D. to B.O.D. i n c r e a s e s  

wi th  t h e  i n c r e a s i n g  c o n c e n t r a t i o n  of b i o l o g i c a l l y  r e s i s t a n t s  o r g a n i c  compounds. 

r o t a 1  Organlc  Carbon (T 0 C.) 

With t h l s  t e s t  a l l  t h e  o r g a n i c  carbon i s  o x i d i s e d  t o  carbon d i o x i d e  which i s  then  

quantitatively determined.  I n  t h e  wet method (2)  t h e  o x i d i s i n g  a g e n t  is a c i d  

potass ium dichromate  s o l u t i o n  and t h e  CO i s  c o l l e c t e d  i n  a  s o l u t i o n  of barrum 2 
hydroxide .  The c a r r i e r  g a s  i s  a i r  from v h ~ r h  CO h a s  been removed by soda-lime. 

2 
A dry-method i s  a l s o  employed which u s e s  a n  e l e c t r i c  f u r n a c e  and n i t r o g r n  g a s  t o  

wblch about  200 mg/l of oxygen i s  added 



The T.O.C. i s  rap id ly  becomlng a most popular parameter and there  a r e  many d i f f e r e n t  

equipments on the  market. These f requent ly  incorporate  a c a t a l y t i c  fu rnace  operat ing 

a t  about 900' C. The CO produced is determined e i t h e r  by a non-dispersive infra-rcd 2 
ana lyser  o r  by reduc t ive  pyro lys i s  t o  methane followed by a flame i ron i za t i on  de tec tor .  

Again, wi th  t he  T.O.C. t he r e  i s  no d i s t i n c t i o n  between biodegradable and non- 

biodegradable organic  mate r ia l .  

Combined Nitrogen Tes t s  

These a r e  the  Total  Organic Nitrogen, t he  Albuminoid Nitrogen and t he  Tota l  Oxidlsed 

Nltrogen t e s t s .  (2) The organic  n i t rogen  t c s t  may be c a r r i e d  out on a sample from 

which the amnonie and oxidised n i t rogen  have al ready been removed and determined; o r  

t h e  oxidised n i t rogen  may be destroyed and the ammonia included i n  with the  r e s u l t  

obtained. Bas ica l ly ,  t he  organlc  mate r ia l  p resen t  is  d lges ted  a t  t h e  high tenperature  

produced by a b o i l i n g  so lu t i on  of sodium sulphate  I n  concentrated su lphur ic  acld.  

The breakdown of the  nitrogenous mgter ia l  i s  a s s i s t e d  by the  presence of selenium 

and copper su lpha te  c a t a l y s t s .  Later  t he  ammonia i s  d i s t i l l e d  of f  from an a lka l i ne  

so lu t i on  and determined. Most of the  organic  mate r ia l  w i l l  be recovered a s  amonia .  

The Albuminoid Nitrogen test produces l e s s  meaningful r e s u l t s  but is  s t i l l  usefu l ,  i n  

some s i t u a t i o n  , because of i t s  s impl ic i ty  and because of t he  s h o r t  time required. I 
The a l k a l i n e  permanganate so lu t ion  used possesses only a l imi ted  a b i l i t y  t o  convert  

nitrogenous,  organic  ma te r i a l  t o  ammonia and the r e s u l t s  obtained should only be 

regarded a s  a guide t o  t he  t o t a l  organic  content of t he  sample. 

Tota l  oxidised n i t r ogen  includes  both n i t r i t e s  and n i t r a t e s .  It i s  b e s t  determined 

us ing  Devarda's a l l o y  on t h e  res idue  from t h e  f r e e  and s a l i n e  a m o n i a  determinat ion 

although the  copperfzinc couple method i s  simple and r e l i a b l e ,  i f  overlong. It  is 

r a r e l y  necessary o r  u se fu l  t o  determine n l t r i t e s  and n i t r a t e s  separa te ly .  

Ammoniacal Nitrogen 

Amnoniacal n i t rogen  i s  usua l l y  determined by d i s t i l l a t i o n  from a s l i g h t l y  a l k a l i n e  

so lu t ion .  The d i s t i l f a t e  i s  cooled, co l l ec t ed  and made up t o  a standard volume 

(200 m l  ) and then t he  amnonia content  determined by t h e  addi t ion  of a small quan t i t y  

of Ness le r ' s  reagent The Ness le r ' s  r c a g a t  (a lka l ine  so lu t i on  of mercuric ch lo r ina t e  

and potossiumiodide) produces a yellow colourat ion i n  t he  arimoniacal so lu t i on ,  the 

dens i ty  of which i s  propor t iona l  t o  tlle concentrat ion of amonia .  The colour dens i ty  

i s  determined e i t h e r  by d i r e c t  comparrson with  prepwed s tandards ,  o r  by an 

absorpt ion meter o r  by a spectrophotometer (410n.m.). 
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Biological Filtration of Sewage 

Principles of the Biological Process 

The biological filter (also knovn as bacteria bed, percolating filter 

or trickling filter) provides a large area of solid surfaces over 

whicb sewage is made to flow in a thin film, with air ie contact to 

give, a continuous supply of oxygen. After a maturing period of two to 

six reeks (according to temperature and the character of the sewage) a 

biological film becomes established on the surface. It contains thoee 

bacteria and fungi which can, under aerobic conditions, metabolize the 

organic matter in the sewage to obtain energy and to synthesize their 

cell qaterial, with the teleaqe of COZ, H z 0  and amonium compounds. 

The ammonium compounds are further oxidleed to nitr~tes and nitrates 

by autotropbic bacteria whrch usually become eetablished in the lower 

levels of the filter if the rate of application of the revage is not 

too high. 

The biological process involves the following steps. 

(a) Flocculation and adsorption of the dissolved and colloidal 

organic solids on the biological film - sometimes known as 
"biosorptiop". This appears to be partly a physical and partly 

a biological process. Larger suspended solids are also likely 

to be held by fhe sticky biological film, but since they may 

overload the film and lead to blockage of the voids, they 

should, as far as possible, be removed by sedimentation before 

the biological treatment. 

(b) Biological breakdown and oxidation of the adsorbed organic 

material by the respiratiop of bacteria end fungi, Part of the 

material broken down by enzymic reactions is then synthesized 

into new cells. 



(c) Re-solution of products of oxidation, Cop, Hz0 and ammonium 

compounds is the flowing lrquid fllm. 

(d) Oxidation of ammonium compounds to nitrite and nitrate by 

nitrifying bacteria in the lower levels of the filter (under 

suitable loading conditions). This involves a similar sequence 

of adsorption, oxidation and re-solut~on. 

(e) Scouring of the biolog~cal film by protozoa, worms and insect 

larvqe prevents excessive build-up of film which would block 

the filter (though such blockage doee sometimes occur in cold 

weather when the scouring organisms a ~ e  less active or when the 

character of the sewage promotes excessive growth of the fila- 

mentous organisms). In low- or "normal"-rate filters it is 

more or less continuous, probably helped by the higher rates of 

liquid flow. Because the filter effluent contains particles of 

scoured film, it must be settled In final sedimentation tanks 

(known often as "humus tanks"). 

Biology 

(a) Bacteria 

Primarily Zooglea w i g e r a ,  which are gram-negative, cap- 

sulated, aerobic, mobile non-chain-forming rode, of several 

strains. They flocculate s w a g e  solids and form a gelatinous 

film on the filter medig; In pure cultures, Zooglea ramrgera 

can rapidly ox+dzee carbohyd~atse end other organic substances, 

but cannot oxrdize armonla to nitrltes and nitrates. 

Filament~u$ bacterla euch as Sphaerotilus ("sewage fuagus") and 

Be~giqtoa (sulphur bacteria) ere also usually present. Other 



bacterra may develop which can break down specific substances 

in the waste, e.g. cynanides, phenols, thiocyanates, etc. 

Nitrifying bacteria Nitrosomonas and Nitrobacter occur usually 

rn the lower levels of a filter. 

(b) Fungi 

Compete with bacteria for organic food, but do not usually 

predominate when domestic sewage is being treated. They may 

find trade wastes more favourable. Bind film together, but may 

cause blocking by their rapid spread. 

Common genera. Furarium, Geotrichum, (these two become firmly 

attached and can withstand concentrated jets of sewage), 

Sepedorrum, Ascoidea, Penicillium. 

(c) Alpaa 

Restricted to surface of bed where light is available. Play a 

minor part in purificatton, but excessive growth may cause 

blocking. 

(dl Protozoa 

Mainly ciliates, either attached (e.g. Vorticella, Carchesium, 

EpiStylifI), crawling (e.g. Euplotecl) or free-rwimming (e.g. 

Paramecium, Colpidrum). 

Rhiropodr (e.g. Amoeba, Arcella, Actinophrys) and Flagellates 

(e.g. Euglena, Honar) are also common. 

The protozoa feed directly on solid organic matter and on bac- 

teria bnd some take rn soluble food. By preyrng on the bac- 

teria they help to maintain a healthy growth of film. 

Drffereat genera tend to become established at different depths 

in the bed, according to stage of purification and nature of 

bacteria and other organisms. 



(el Worms 

Feed on the film and help to prevent blockage. Their faeces 

form a large proportion of humus washed through fslter. 

(1) Nematodes (round-worms). Fine white threads up to 1 or 

2 mm long. 

(ii) Oligochaeta (bristle worms) Pachydrilus or Lumbricillus, 

up to 15 nrm long x 1.25 rmn diameter. Segmented with 

bundles of bristles or setae. Single worms are yellow, 

but clumps of worms appear red. 

Tubifex, bright red, segemented bristle worm, up to 40 mm 

long. Lumbricus and other earthworms, up to 75 nrm long. 

(f) Insects 

Many insects breed in biological filters, the larvae feedrng on 

the livrng film and thus helping to scour it and prevent 

blockages. Adult flies, however, may cause nuisance in the 

vicinity, though (except for the midge Culi~ozdes nubeca)osus) 

they do not bite humans. 

The following g+aerr are am commonly found aa rewege fflterw 

that they are often called "falter flies". 

( i )  Psychoda ( 3  species, alternata, eeverini and cinerea) 

(ii) Spanlotoma (2 species, mrnima and perennis are common). 

(ill) Metriocaemue ( 2  species, longitarsus and hirticollis are 

common). 

(1-1) Aninopus fenestralls 



Other lnsects vhich often breed in fzlters: 

(v) Errstalis tenax or drone-fly. Its "rat-tailed" larvae up 

to 20 mm long may be found la choked fllters or in sewage 

sludge. 

(vi) Chironomus or chironomld fliea. Non-biting midges vhlch 

breed in underdrains and effluents channels. Larvae are 

red ("blood-worms") 20 mm long and are aquatic. 

( ~ 1 1 )  Achorutes eubviatlcus or "springtails". Wingless insects 

about 2 aam long which can leap several inches. Scourlng 

organrsms, which may be found an large numbers on surface 

of filter. 

(g) Other animals 

Beetles, spiders, mites, snalls and slugs may also be found in 

blologlcal filters. 



Englneerlng Features of Blologlcal Filters 

The essent la1 features are. 

(a) An adequate volume of surtable solld medium, which may be sup- 

ported by walls, or may be self-supporting. 

(b) An underdralnage system to collect effluent and permit asr flow 

through the fllter. 

(c) A dosing arrangement to glve a periodic sprinkling of sewage on 

the surface of the fllter. 

(a) Filtering Medium 

(1) Propertres 

B.S. 1438: 1971 covers single-sized granular medra of 

nominal slzes 63, 50, 40, 28, 20 and 14 nun. The maln 

propertres considered are 

1. Durabllity: If the material IS known to be satisfactory 

in practice, no special test is needed. Otherwise, it 

should pass the sodlum sulphate soundness test (20 

cycles, each of 24 hours, conaastlng of 19 hours' 

immersion in a saturated solution of sodrum sulphate at 

20 f 1°C, 4 hours dryrng at 105-5'C and l haur's 

cooling and examination). The specification glves cri- 

terla of unsoundness in terms of number of pieces vhrch 

disintegrate and percentage loss of weaght. 

2. Grading limits are given for each nominal slee. 

3. Shape, Nature of Surface and Classification: 

Descriptions, and illustrations are glven to explaln 

the terms rounded, irregular, angular, flaky, elongated 



as applied to particle shapes. Surface characteristics 

are classified by the terms glossy, smooth, granular, 

rough, crystalline, pitted, honeycombed. 

4. Flakiness: An "index of flakiness" is specified, 

determined as in B.S. 812 dealing with mineral aggre- 

gates, sands and fillers. 

5. Cleanness. Media should be free of clay, soil or orga- 

nic or other impurities, and of any substance toxic to 

living organisms. 

(xi) Material used 

Almost any durable and chemically inert material may be 

used, depending upon cost and availability. The most com- 

monly used are granular mineral materials such as broken 

stone, gravel, clinker, blast furnace, slag and coke. 

Several designs of thin plastics sheeting (e.g. corrugated 

sheets such as Surfpac, Flocor or in partitioned tubular 

form such as Cloisonyle) are available. They have a high 

specific surface and a large voids ratio, making them par- 

ticularly suitable for high-rate filtration of sewage or 

industrial effluents. Their light weight permits 

construction of deep filters occupying a small area - a 
useful feature where industrial effluents have to be 

treated on a limited site. 

Certain other proprietary packings of special shapes, such 

as are used in chemical engineering practice, are also 

available. 

(111) Specific Surface 

Since the work done by a filter depends upon the total 

area of the biological film it is important that the 



medrum should have a high specific surface, 1.e. surface 

area per unit volume of filter. (The specific surface of 

a solid body, e.g. an individual stone in a filter, is the 

surface area per unit volume of the solid, but in con- 

srdering the filter as a whole it re more logical to use a 

unit volume of filter, including the voids). 

Examples of specrfic surface. 

Granite, nominal size 25 mm 

18 II *I 631mn 

Blast-furnace slag, nominal size 25 mm 

I 1  I t  11 I1  " 63 mm 

Crushed gravel, nominal size 25 mn 

I 8  II II I 1  63 am 

Flocor 

Surfpac (standard) 

11 (crinkle-close) 

Cloisonyle 

Proprietary ring packings 100 diameter 

II I1  II 50 dralwter 

In practrce s o w  of the apecriSrc s u ~ b e  re ipaffective, 

especially with granular media, becaure of the area of 

contact between particles and parts of the surfaces which 

do not become vetted by the sewage. 

(iv) Size of Granular Media 

The need for a high specrfic surface points to the use of 

media of small particle srze, but a limit is met by the 

risk of blockage of the small voids by the biological 



film. The choice of size of media is therefore a compro- 

mise based on experience taking into account the nature of 

the sewage or other waste, the loading rate (both organic 

and volumetric) and whether the effluent is to be recir- 

culated on to the filter. 

For the treatment of domestic sewage, granular media are 

usually of a nominal eire between about 25 and 65 mm. 

They should be graded wlthin close limlts of the nominal 

size. It is usual to employ a unxform size throughout the 

depth of the filter, though many older filters were built 

with a layer of finer material at the top (intended to aid 

unlform distributron of the sewage) and coarser material 

at the bottom. 

Smaller sizes may be used for veak eevages or some 

industrial effluents, or where recirculation is practised, 

or for secondary fllters where two-stage filtration is 

employed). 

( v )  Depth of Filter 

The following factors are relevant to the ehorce of filter 

depth ' 

Rate of application of sewage (~rganie and hydrsulrc 

loading) 

Size of qedia 

Time of contact of sewage with film 

Head loss between inlet and outlet to filter 

Resistence to air flow 

Area of land required 

Effluent standard required 



Practical experience had led to a fairly general adoption 

of about 2 a as the usual depth for normel-rpte filters. 

Greater depths are commonly used for encloeed filters (4 

to 6 m), and filters built of plastics media, especially 

where space is limited. 

Shallow filters (1 m) are umed in some recirculation 

systems and where two stages of filtration are employed. 

(v1) Walls 

Media may be supported by large pieees of rock built to a 

steep batter or by brick or concrete walls. Honeycomb 

brickwork, formerly used to assist ventilation, is not now 

favoured, since it encourager f l irs.  Solid walls protect 

the interior of filter from cold winds. 

Plastics media may be contained witbin light steel or 

timber frameworks with cladding of, e.g. corrugated 

plastics or asbestos-coment sheet. 

(b) Underdrain 

Usually concrete floor with half-round or specially shaped 

tiles, open-jointed brick, etc. Circular filters usually drain 

to peripheral channel, but sometimes to central wall or to 

diametral channel. Gradients 1 in 50 to 1 in 100. 

Underdrains run only partly full, and hydraulic capacity is not 

critical, except possibly for very high rate filtration. But 

adequate cross-eectional area must be allowed above liquid for 

air flow. 

Reasonable air vel~city 18 1 m/s. 



Allowing for a maximum air velocity at surface of frlter (1.e. 

over whole area of surface) of 0.015 m/s, the area of air 

passages in underdrains required is 1.5% of surface area of 

filter. 

( c )  Ventllatron 

Air movement through filter depends mainly on difference of 

temperature between sewage and alr, and, to a smaller extent, 

on wind velocity. Air flow 1s upward unless air temperature is 

appreciably hsgher than sewage temperature. 

Halvorsen (Sewage Works Journal, 8, 891, 1936) dervied formula 

v = 0.135 (Ta - T,) - 0.46 
where v - vertical veloclty of air downwards in ft/min 
(measured over whole surface area of falter). 

Ta = tevperature of air, "F 

T, = temperature of sewage, "F 

According to this formula, air flow is downward when air tem- 

peratures is 3.4.F or more above sewage temperature. 

Truesdale and Eden (J.I.P.H.E., 62, Pt.4, 283-302, Oct. 1963) 

found simllar trend, but with lower velocities. They concluded 

that downward air flow rarely occurred. 

With good air access and unblocked fllter, the quantity of air 

flowing is nearly alwaye ample in relation to oxygen required 

for biochemical action. Truesdale and Eden found that oxygen 

content of air whlch had passed through filter rarely fell 

below 20% (from normal value of 20.9%) and C01 content rarely 

exceeded 1% (normal 0.03%). 

Fair suggests that In eumer, when oxygen reqvirements are 

higher, air flow should be encouraged, and in winter alr flow 

should be kept to a minimum to avotd cooling filter. 



(d) Application of Sewage 

(i) Typee of Distributpr 

A. Fixed Nozzles 

Used for very large or irregularly-shaped beds. 

Nozzles in upper side of dastribution prpes laid 

directly on filter medium. Equilateral triangle layout 

for most uniform distribution. 

Operated by automatic srphonr at 2 to 15 minute 

i~tervals 

For hydraulics of dosing riphons and uoz~lar see Fair, 

Geyuer 6 Ogun, Vol. XI, pp. 14-3, 24-11 to 24-14 and 

35-12. 

The head on the nozsles darrqareo from its maximum 

throughout the period of operation of the riphan. 

Sprays from three adjacent nozzles ahould m r r l a p  at 

moment of maximum head in order to achieve reasonably 

uniform distribution. 

Head requirqd to operate nozzles through dosang siphon 

may be up to 2 o, with minimum effective head on nozzle 

of 0.3 to 0.8 m. 

0 .  uoegting ~ietributpq8 

For crrcular filters 

Sevage la fed into central staddprpe and Lhence to 

distributor arms. 2 or 4 arms according to size of 

filter. 

Arms are driven either by 

I. Jet reaction. head of 0.5 to 0.8 a above medium 

level 16 required. Jets spaced closer together at 

outer end of orms to give uniform dosing per unit 



area. Or use larger jets. Spreader plates permit 

larger nozzles at greater spacing, with less rink 

of blockage. 

11. Water-wheels driven by part of the sewage flow. 

Head required 0.8 to 1.5 m above medium level. 

or 111. Electric motors for larger and heavier distribu 

tion, or where it is desired to control frequency 

of dosing. 

I and I1 may be fed through dosing siphons to ensure 

adequate head to move distributor. Siphons will 

require extra 1 to 1.3 m head. 

C. Rectangular Distributors 

Rectangular beds usually laid out in parallel pairs 

with interconnected travelling dirtributoro to neutra- 

lize wind reeietence. Sewage is siphoned into dietri- 

butor arms from Zongitudinal open channel between the 

two beds. 

Drive may be by waterwheel or electric motor. 

(11) Frequency of Dosing 

American practice tends towards high frequency, 1.e. almost 

continuous application of fine spray, especially for high rate 

filters. 

In Britaln, on normal-rate filters, there is much evidence of 

improved purification if the interval between applications is 

lengthened to several minutes - even up to 15 or 20 minutes. 
Possible explanations 

A. increased scouring by heavy instantaneous flow keeping 

biological film thinner and more active 



B. increased contact time in filter (of part of flow) 

C. more uniform film growth through depth of filter. 

The lengthened dosing interval appears to reduce growth of 

fungi, and to encourage fewer flies, but more vorms. 

Dosing interval can be lengthened by: 

I. reversing direction of jets on one arm of distributor 

11. using motor driven di~tributors. 
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SCMUARY 
Th~r papcr hr~efl\ re\leuc wme of the current approache5 to rotattng 

hlologlcal contactor (RBCI dest@n In the ltght of two f~eld studtes 
undertdhcn In 19HO The ktnetlcs of the process are nor cons~dered here 

11 u r r  concluded that the follou~ng areas of des~gn dnd performance 
assessment are In need of tmpro\ement 
11) there 13 a need to be dhlr to deslgn for and control d~ssol\ed oxvgen 

concentrat~ons In the trough 
(11) RBC spectftcat~ons should Include both ox\gen transfer capaclttea 

and ox\gcnatton efhnenctes 
(111) the performdnce of the RBC IS most reltabl\ assessed b\ relattng 

soluble or filterable BOD In the final effluent to the total BOQ 
lnnd 

( I \ )  an adequalc perform3nce of the final I~qu~d-sol~d reparatton dcrtce 
IS assumed In most destpnr bul s not alwa~s reallzed In pract~ce 

( v )  equations relatlne BOD remobed to BOD load (e~thir mass or 
concentratton) b\ some form of regression equatlon are In\al~d due 
to the two bartables belng funct~onally ~nter-related 

(VI) equal numbers of d l rs  In each stage of multt-staged ststems 
common tn man) plano ma\ not represent the opumal use of dtsc 
S~rface dred 

(\II) the mlxlng charactcnst~cs should bc spectfted 
(\111)1he role of b l ~ f l o ~ ~ ~ l d t l ~ n  In enhanctng the performance of RBCs 

requlrrs ebaluat~on 
The ~mpl~cat~ons of the abo\e po~nts are dlscusscd subsequentl\ 

folloulng a br~ef revleu of the process and a qua11ra11te examlnat~on of 
some of the current des~gn approaches 

THE RBC PROCESS 
The RBC process comprises a sem! lmmersed cbllnder of medtd or 

dlxs on uhlch a fixed b~ologlcal film IS developed b\ rotatlng the 
cyllnder about 11s axts and so pdsslng the b~omass through alr and 
uasteuater allernatel) Rotat~onal speeds of 1 to 5 rpm are common a ~ t h  
a r\p~cal per~pheral $peed of O 3 m'a 

The hlologlcdl film ts slmllar lo thdt of a percolattn~ filter and the 
prucess 15 capahle of achlntng normal carhondceous and nttrogenou< 
ox~dat~on The proces* IS not cxclust\el~ aeroh~c anaeroh~c appl1catlon5 
hrbe heen reporled Dar~e? & Pretorlus (1975) Chcung 11979 & IYMII 
Murph! er a1 (1977) So\upah el a1 (1'979) and Watanabc & lshlguro 
(1978) Th~r  paper 1s restrlned to aerohlc appl~cattons for carhonaceoua 
BOD remobdl 

A dldgrammatlc representation of the RBC process s shoun tn F~gurr 
I and three RBC s)stems are shoun In F~gurc 2 

RBC APPLICATIOYS 
I n  Europe there are ahout 1OOO onerat~onal Ratatlnn Btoloe~cal 

~ont.wtors'lrcattng Jomr%ttc and 1ndu;tnal uasteuaters (P~ke 1678) 
Plant sizes In ~o~u la t lun  eau~ralents exlst from )(XI to IMl (MY1 ulth 
most common g&ltcat~ons in thc C [MI-lU (NU range In Alexandria 
USA SccOnd~r\ treatment for a populanon of UXl [NNl people IS 

pro\~dcd h\ RBC equipment 
In  the Uk the proces5 IS utnnlng cons~derat~on lor medlum scale 

appltcatlons becduse of 11s IOU runnlng costs compdcmess low herd I n s  
and m~ntmdl rmell and none nulrdnce 

Compared u ~ t h  con\enrtonal actnated sludge processes or normdl 
b~ologlcdl percolatlng ftlters the RBC process cldtms the followlnp 
ad\antdges 
(I) RBCs are more compact than percolat~ng hlters and hence occup) 

less slte area eaunalent surface loadlnn rates of 5 to 6 ttmes that of 

(11) RBCs requlre negl~g~ble hjdraullc head compared utth percolatlng 
filters 

(111) complete contact betreen the btologcal hlm and waste water 1s 

ensured In the RBC compared u ~ t h  percolattng filter* uh~ch often 
requlre reclrculatlon to ensure thc mtnlmum wetttng rate 
requlred 

(I\) RBCI do not requlre reorculat~on a1 tlmes of low flow to keep thc 
h~olog~cal ftlm met aq do percolating filters 

( 1  the pouer requirement of RBCs IS negltg~ble compared with 
actt\ated sludge processes 

(vt) problems of seasondl shedd~ng of btomars from percolating hlters 
are reduced In the semt-controllrQ enttronment of the RBC 

(VII) the fl) nulsance assoclalcd wlth percolattng hlters is not present In 
RBCs 
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n Y m s  1 1 ~ 1 g e  10 primary chammr 

F ~ p r e  2 Three RBCsystem configurnrronr 

(VIII) some RBC systems offer a greater potentlal for operational control 
than do pereolanng fllters, 

(1%) the disc trough provldes additional ddutton of shock loads not 
a\adable In blologsal filters, 

(x) the short retentron penod In RBCs resulrs In slowly-degradable 
suspended parlrcles flocculating tn the trough and being removed 
by the flnal clanficat~on dence before exenlng thetr full oxygen 
demand 

Dlsadvanrages lnclude 
(I) relatively h~gh cap~tal cpsts of equipment 
(11) lallures In both shaft an4 dnve 
(111) oxwen deficlenc~es In the trough liquid. 
(I") and more rap~d rrspo&s&losJ \ariation than In rlmllarly 

loaded actlvared sludne ~IansTFll~op et hl. 1979). 
) uncertainty In deslgnand performan'ce 

SOME CURRENT DESIGN APPROACHES 
M a t  des~gn methods are based on &npmcally-denved overall organr 

loadlng rates per unlt area of disc related to the removal of organtc load 
(e g BOD,) Removal efhciennes assume a performance of the 
Ilquid-sol~d separation devlce (e g final senlement) Other methods 
have related BOD removals to hvdraullc loadtns a r  unit area of drsc 
only Many manufacturers  quote'^^^ loadtng rater per unit dtrc area 
that are clalmed to nroduce effluents of BOD and susanded solids not 
exceedtng 20 and k mgil rerpnlvely Al l  designs arbume a satisfactory 
performance of the final clar~fication stage, altbough Antonle (1978) 
recognizes the problem and uses soluble BOD for performance 
assessment 

The folloulng revtew of four ryp~cal design approaches uses unscalcd 
~llusuattons from the references to ensure that the source matenal IS 

always consulted 

Hutmnn (Sic&, 1974) 
An emplncal design approach relatlng the percentage BOD removal 

to rhe h)drauilc loadlng per unlt area of disc was developed by Hartman 
and reported In English by Steels (1974) The destgn curves (Ftgure 3) 
are for normal fresh domestic sewage ' and for two packs of d ~ s a  m 
serles Correctton lactors arc glven for more than twoshafts and for peak 
flows to plants servtng more than 10 Oa) populatton equrvalents An 
upper limtt to the organlc loading of 100 g BOD1m2d ts suggested 

The approach a ltmlted In appltcauon In that 
(I) 11 IS onlt appl~able to normal fresh domests rcwage". 
(11) 11 a assumed that equally sized stager are optimal 
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Frgure 3 Desrgn curve dprloped by Hartman (after Sterls 19741 

An approach based on ultlmatc COD load a proposed wtth deslgn 
curves for vanous substrates felatlng percentage ultlmate COD 
removal to .ulbmate COD load per unlt area of dlrc (hgure A )  Thew 
cywes are based on graphs reliring mass ' ulttmate COD removal per 
unlt area of dlrf vews ultlmcitc COD mass load (Ftgure 5) Removal 
rates were found to be mdcpendent of wastewper concentratron over the 
range'copsldered 

Some of the hmttations of iheapproacb Include 
(11 the ultlmate COD as defined wtll d e a d  on the desarn of the 

RBC system and therefore reqares pdot itudles. 
(11) the BOD removal a related to the loadrnn ocr unrt tr& volume 

(hgure 4). whtch will vary for dtfferent d;;ignr In relat;bn to dlsc 
area 

slaughterhmse 
waste water- 

loaang 'ult COD unlr troylh 7 
wlurne 

Fcgure 4 Percenurge 'ultunate COD' removaf v volumerr1c loading rare 
(after Stover and Lncmnon, 1976) 

" u ~ t  COD' load / unit dtsc area 

F~gure 5 Ulrrmatr COD' remowl v ul~~marc COD areal 1md1ng 
(after Stover and Kmcannon, 1976) 

Pikc (19766) 
A review of the design approaches for blologlcal contacton concludes 

that the first-order krnetic quauon may be used for RBC dewgn and 
perfprmance assessment 

where A = total surface area of dlrc 
S, = efflueotconaentrat1bn (e g BOD,) 
So = lnAucnt concentranon 
K = rurt lon rate coeff~ment 
0 = flow rate - 
8 5 temperature m f f i w n t  
T = temperature of reacaon 



Ftgure 6 BOD removed I BOD appbed for a range ofprrcenrage 
remo\als (afier Prke 19781 

BOD 

( Y,:;;~ ) 

T h ~ s  form of the fnst-order equalmn IS far plug flow reactors and 
nhllst 11 15 appropriate for tr~chl~ng filter des~gn 11 IS not so for RBC untrs 
whlch arc nearer to being completel! m~xed reactors A graph of BOD 
appl~ed versus BOD removed IS given with Imes for banous percentage 
remo\als (F~gure 6) 

The des~gn approach has two important drawbacks 
( I )  the graph of BOD remobal bersuf applted BOD load pro!?des lttrle 

~nformatlon as the tar~ables are funct~onall\ Inter related 
01) the suggested exponentlal performancr funct~on assumes a plue 

flow reglme 

@ 

Antonk Il978) 
Antonle (1978) presents a deslgn approach de\eloped from the work 

of McABlc! (1975) whlch relate soluble BOD remo\al to Influent 
soluble BOD concentrations The deagn parameter used a soluble 
(filterable) BOD rnfluent conccntratlon on the bas~s that wnleable 
BOD IS removed In the pnmar) settlement tank and that suspnded 
solids passing foruard are rap~dl) blo flocculaled and remo!ed In the 
final c la r~f~er  mthout exertlng a s~gn~flcant oxygen demand on the 
system Plots of soluble BOD remowd versus soluble BOD lnfluent 
concentrdtlon are pven w~th  regreslon cocff~c~ents In the order of 0 9 
(F~gure 7) T h ~ s  hlgh regresslon coeffrclent IS spunous as both s~des of the 
regresslon are interrelated BOD removrd bang a funct~on of BOD 
lnflurnr 

Relat~onsh~ps such as tn F~gure 7 were used to derne the proposed 
des~gn chan (F~gure 8) for mull1 staged units 

F~gurc 9 was denved from Figure 8 to predict effluent soluble BOD 
from rnfluent soluble BOD for gl\en h\draullc loading rates to a four 
equal s~zed stage system 

The design bas~s has some d~ff~culties ~nclud~ng 
(I)  the regresslon equat~on In F~gure 7 is m!al~d due to the funct~onal 

Inter relat~onsh~p of the var~ables BOD removed and BOD 
loadlng Furthermore the line would reach a plateau and then 
perhaps decl~ne when the rate of ox!gen transfer becomes bmlung 

(11) F~gure 9 prcd~cts onl! the soluble BOD In the effluent and a factor 
of 2 IS sugpsled to con\en to !oral BOD such a ratlo cannot be 
appl~ed unltcrsall) and In part~cular depends on the efhc~encb of 
the final clantier xhlch 1s assumed, 

(111) the term soluble needs de f~n~ng  I e speaf~cat~on of f~lter paper 
(lv) the BOD used In de\elop~ng the method was not n~tr~f~cation 

suppressed 

FIELD STUD\ EXPERIEYCES 
Two field tnvestigatrons were undertaken In 1980 evaluating the 

performance of two RBC systems one trcatlng rural domest~c sewage 

Wl"D(. 

BOD 
r e m a  
mr unit 
M O  oi 

Figure 7 Regression line of soluble BOD removed I rnfluent soluble 
BOD (after Antonie, 1978) 

A 

SOlUblE 800 Slog* 1 

ramu"Rd 
par un~t  
ama of 
dl% 5% 

Figure 8 Muhr stage RBCdrsrgn chan (offer Anronrr 1978 W~Althb 
1974) 

figure 9 Des~gnfor spccrjic effluent soluble BOD conccnrrarion (after 
Antonre, 1978) 

efflu.?n~ 
Elublo 
BOD 

(ms/ll 

and the other a full-scale p~lot  plant treatmg da~r)  uasteuatcr (Santos 
1980 and Thompson 1980) The domertr sewage plant was rnultt-stdgcd 
and owr-sued In terms of d ~ x  area wh~lst the dam waste plant was a 
s~nglc stage and purposel! w e r  loaded durrng p~lot study tr~als Another 
contrast~ng feature was the final llqu~d-sol~d separatlon de \~ce  uhlch for 
the domestic plant was a rectangular hopper bottomed tdnl and for the 
dair! waste plant mas a rolatlng drum filter Both plant% were undblc to 
achiebe the11 des~gned performance but for d~fferent reasons 

For the domesfa smagc plant onl! about 3U per cent of the bulked 
dad\ samples compl~ed w~th  both cnterla of less than 20 mg I BOD dnd 
.W mg I suspended sol~ds Dunng the per~od stud~ed the a~erapr  cffluent 
BOD, (ATUI was 21 mg'l w~th  onlv 55 per cent less than 20 mgl 
However dur~ng a week when measurement ma\ made of both 10131 and 
soluble BOD (filtered lhrough a standard glass fibre filter paper 
(Whatman GF'C grade or equ~valent) ) an average BOD. IATL) of 
22 mg'l corresponded to a soluble BOD. (ATL') of 6 mgl and an 
aberage suspended solids of 51 mg'l Clearl! poor performance In the 
hnal settllng tanks uas ind~cated t h ~ s  was obsened to be due to hoth 
nslng sludge and severe hbdraubc short circultlng 

An attempt was made to apph some of the der~ved performance 
equations reponed In the l~terature such as those b\ Schulzc (1Wtl 
Eckenklder (197R) Antonle (1976) Kornep! (197q) and Popel (1964) 
but ulth no sueces All these models assume an adequate performance 
of the flnal hqu~d-solid separatlon dcvlce uh~ch  In this case was 
perform~ng ~nadequatel\ 

Wlth regard to dssol\ed oxvgcn concentrations In the trough some 
useful obscnat~ons were made from 25 hour data Dluol\ed ox\gen 
concentrauons were observed to respond rapidl! to changes In the 
lncomlng BOD mass load (F~gure 10) 

A plot of the dlssolted oxtgen concentratlon In the f~rst stage trough 
agalnst the lncomlng mdss BOD lodd~ng is shoun In Reure I 1  an 
exponentla1 relatlonsh~p m~ght he suspected Wh~lu such a relat~onsh~p 
would glte a general ~ndlcatlon of the probahle d~ssol\ed ox)gcn 
concentratlon auoc~ated u ~ t h  an organlc load~ng rate II  prot~dcs no 
lnformat~on regarding the d\nam~c response of the ststem Cons~derable 
h~gh frequent! data are requ~rcd to ~dent lh  such drnamlcs as 
emphas~zed b! Fll~on et a1 (1979) where sampling frequencies at ever) 
30 mlnutes were used and a response In TOC measurements observed 
w ~ t h ~ n  thls perlod 

A 

solubk BOD 
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Figure 10 Ttme series of drs~olved ox)gen m trough and man organrc 
loadtng (Soume Sanros. 1980) 

Figure 11 30-mmure lagged dusolved ozy8en v mars  BODI ( A  TUJ 
loadurg (Source Sonros, 1980) 

The &try wacre plaw was rntentionally over loaded durmg full-scale 
pilot studles I t  was obsened that poor o r g m ~  removals were arsoaated 
with a zero dissolved oxygen In the trough Wgh snurpeadcd bomrrr 
concentratloris In the trough ansing from severe tonc shock loads 
cauung the b~omass to shed from the dlsa also gave nse to poor 
performance Satlsfwrory effluent qu&ty was only acblewd when a 
dissolved oxvgen concentration of about 2 mdl was present in the 
trough, this belng attained by lowenng the organic M i n g  rate andlor 
reducrng the hlgh coneentratlons of solids present in the trough 

Agarn only hmtted data were collectrd relating soluble BOD in the 
effluent to the total BOD loadlng (Figure 12) I t  is rnterestlng to note 
that a regresston of soluble BOD nmowd versus soluble BOD load (as 
by Antonie 1978) gave a regresslon wf f iaent  of 100, but the 
regresslon analysts IS not valid as previously noted I n  Figure 12 both 
variables are merely divrded by the constant d m  area Obvmusly a 
regresslon analys~s of so few data pornts IS suspect 

DIRECTIONS FOR IMPROVED DESIGN 
From the foregoing, II IS concluded that the following areas have 

potentla1 for lmprovrng deslgn 

hudvcd  Oxygen 
Many workers have referred to the rmportance of a resldual Bwlved  

oxjgen m the trough, for example. Pike ef a1 (1980) Hynek and Chou 
(1979). B~ntanja et a1 (1975) and Chesner and Molof (1977) 

Flgure 11 shows that the dissolved oxygen in the trough should be 
predictable wtth conf~dence from the rncomlng mass BOD load~ng rate. 
for the panlcular oxygenallon capanty of the plant mrrmrdercd the 
resplratlon rate of the wastewater and thc expected dlurnal load 
vanattons 

A knowledge of the response of the dluolved oxygen concentration In 
the trough to input load varlatlons would prevent over suing to meet 
short duration demand peaks Further, an understanding of the dynamrc: 
response of dusolved oxygen would allow the evaluatton of operatronal 
control 

The RBC should be regarded pnmanly as an oxygen transfer devlce 
and the oxygenauon capaclty and effictency should be specified, Sterner 
(1979) argues strongly for this approach The lmponance of mixing on 
the mass transfer coefhc~ent was ~dentrfied by Zeevalkink n a1 (1979), 
who performed laboratory scale aeratron tests 

F r d  L q u ~ d  SdM Separation 
The incorporation lnto deslgn and performance evaluation of an 

assumed performance of the final lrqu~d:wlid wparstmn dcvru hm led 
to a neglect of the essential rble of final effluent danfmtion Howawr a 

Figure 12 Effluent soluble BOD v total BOD load for dam masre 
(Source Thompson 1980) 

performance specificatron for final settlement or filtering requires a 
predrctron of the concentration and nature of the suspended sol~ds 
passed foruard from the I r e  chamber Thu problem has resulted In the 
use of soluble or filterable BOD values m the effluent as a better 
measure of RBC performance Performance Investlganons should use 
ths approach m order to ldentrfy the separate cffinencres of the RBC 
and the final Iiqu~d-rolrd separation device 

For destgn hoverer the use of soluble BOD predictions a of llttle 
worth untrl the wbtionsh~p between the final total BOD and the soluble 
BOD can be rehbly forecrcl I t  b u  been damned by Antome (1978) that 
s~geficant btokculatton of wpondcd part~les occurs In the trough I f  
this is the case then the nature of the floc parucles produced wrll affect 
the cho~ce of the final Ilqu~d solld separatlon devlce The rble of 
b~oflocculalmn rn the RBC process therefore reqvlres e\alual~on and 11 
benefic~al optlmuailon 

The Uu dSdubk (FUter~bk) BOD 
The fild studtes m&cated that the performance of the RBC wrth 

respect to knological ox~dauon may be predlctcd with better confidence 
by relating the final effluent soluble or filterable BOD (or ammoniacal 
nitrogen) to the tnconung mass load 

Work by Fillon rr d (1979) showed that the cmucnt filterable total 
organic carbon (TOC) and total Kleldahz nttrogen (TKN) were pred~cted 
more prectxly uslng the corresponding influent mas loading of TOC 
and TKN rather than rnfluent concentrations, the eorrelatlon between 
flow rate and effluent concentratton was very low 

A linear regresslon model of efflaent BOD on influent loadrng was 
denved for a pllot plant treatrng domestlc sewage in the USA (Newton a 
01, 1977) although i t  1s not deer whether soluble or total effluent BOD 
was used and the regression analysts is not p e n  

Flnal Bxharge standards are for total BOD values and therefore as 
prcvrously noted. some means of prcdictlng the total BOD from the 
soluble or filterable is required and wrll be a functlon of the efticacy of 
the final clarification stage 

The use of equal stage-sizing does not neceuarrly represent the 
optlmal use of dlsc area I n  some cases rt can lead to overall process 
farlure desplte the total d lx  area being sufficrent (Stelner 1979) I f  as 
has been lndrcated the effluent concentration a best predicted from 
influent mass load and IS vtrtually independent of hydraulrc loadtng then 
11 is logrcal not to employ qua1 stage srzes 

I t  n In the treatment of strong industrial wastes that oxygen llmitatron 
most often occurs and Antonre (1978) comments that the first stage 
should be made sufficiently large to avo~d the oxygen limtting 
condrtion Where nltrrficatlon u reqmred, thls also will affect the stage 
smng 

The degree of mixrng achleved by different RBC desrgnr and 
conhgurations requres speclficatlon as i t  affects the aeratron efficlenq 
the amount of short-c~rcu~tmg. bioflocculatron In the trough and the 
settlement of sollds In the dire compartment Inadequate mixing was 
clted by Zeevalklnk er a1 (1979) as belng the cause of deviations from the 
theoretical mas transfer coeffinent in aeratlon tests 

Krnet~c equations for process deslgn and evaluation must take Into 
account the mmng charactenstis of the system 

P 0 ~ ' C U L S  FOR OPERATIONAL CONTROL 
I f  ~t s leceplrd that one of rkc p n n ~ p l l  dcuyl phrlosophe~ a the 

achiercmoal of m opamal durdved oxygen concentrailon in the trough. 



then It 8s loplcal to looh he)ond Ihe deslgn to polenual\ for operallonal 
controls to ach~ebe Ihtb ohject~\c 

Process \anable\ uh~ch  would dppcdr to offer operat~onal contrnl 
pn~ent~al  u ~ l h  re\pect to d~r\ol\ed ozteen cnncentrat!on% are 
( I )  speed of r01dt1on 
(11) depth of lmmerslon 
(1111 supplementar\ aeration 
( I \ )  effluent rec\cllng 

S p e d  of Rotatton IS expenure to \ a n  In mechan~call\-dr~ven svstcms 
hut I I  1s a clear potentla1 adtdntdpe of dlr drlren rrstem\ As would he 
expected h~gher ox\gcn mas\ trancfer coeff~c~ent\ ha\e heen mearured 
for air-dn\en %\stem5 (H\neh and Chou 1979) It should be noted that 
~pcreas~ng the speed of rotarlon Increases the ox\genatlon capdc~tv onl\ 
at the expense of the ox\genatlon efficanrr and that high speeds ma, 
lead to excessl\e scounng of the b~ologlcal film B~ofloccular~on ~f 
significant uould alro he dffected b\ rar~ations In the rotallon speed 

Depth of lmmrrslon could hc dd~usted slmpl\ h) an automatic outlet 
welr All RBC s\stems to datc h a t  had h ~ e d  lmmerslon depth< uhlch 
ha\e rdnged from one thlrd dldmeter to two th~rds d~ameter Most 
ststem, hdbe adopted d 40 <(I per cent areal lmmerslon althoueh one 
ststem reccntl! e x d m ~ n ~ d  b\ the author had a maxlmum ox)gendtton 
Cdpaclt\ at about 57 pcr ccnt lmmerslon Furthermore the optimum 
depth for ox\gen transfer u11I tar\ ullh speed of rolatlon 

The relatlrr proportion of the med~n ~n contact u ~ t h  the alr and waste 
uater should reflect ths rates of @\\pen and suhstrdte d~ffurron h l h  of 
uhlrh U I I I  \ a n  accord~ng to the operating cond~tlons \'ar\lng the deprh 
of lmmcrslon mlghl he found to he d uorthuh~le operattonal control 

The objectl\e\ of operdt~onal conlrol uould be to mlnlmlze the total 
med~a ruqulred ~ n d  alco to reduce energ\ mnsumptlon 

Supplrmentsrr Acrat~on offers slgn~ficanl ddtdntages fur operallonal 
control as 11 maAes poss~hlr !he malntendnce of d~ssolked ox)gen Ieiels 
In the trough e\en uhen the ox\.eenatlon capaclt\ of the RBC ltself IS 

madequate In addtt~on there appears to he dn Impro\ement In 
treatment e f f~c~enc\  due to the alr scourlnp resulting In a th~nner and 
more actne b~ologccdl film (Hineh and Chou 1979) 

Supplementar\ aerallon md\ he ach~e\ed slmpl\ through alr sparges at 
the bottom of the trough and of coursc IS a permanent feature In 
a~r-drnen <\stems 

Emucnt R u ~ c L n g  offers a means of Increasing the res~dual oxlgen 
concentratlon In the trough hr back-d~lullng uith effuenl hating d 

relatlvel\ htgh d~ssol\ed onpen content In add~tlan rec~rculatlon 
reduces the res~dence tlme In the trough and thc substrate concentratlon 
In plants emplo\lng Integral drum filters rec~rculat~on Increases the 
frequeno of bacbuash~np and IS useful In reduclng h~gh h~omass 
concenrratlons cn the trough uhlch occur after 5hocA load~ng Drum 
filters bdchuash automdr~cdll\ in response to dlfferrntldl hedd loss u hlch 
1s dependent upon flow rate 

CO\CLLDl\I. RE\lARh? 
1 Some of the de\~gn approdchcr currrntl\ emploved ha\e been 

d~rcur\cd and the crror In the use of llnedr regreslon equations 
rel.+t~ng organs remot a l t o  organlc loodrrtg has heen emphds~zed 

2 It has hcen drgutd that the use of soluhle (filterable) organlc 
concentratlon In the effluent for performance assessment has resulled 
from the need lo spec~f\ \rparatel\ the expected performdnce of the 
flnrl clanflcallon atdge Soluhle effluent BOD IS pred~ctable from the 
lnflucnr masr loadlng rate for spec~f~c  s\stems and uastes hut 11s use 
In derlgn 1s llmlled 

3 The ~mportance of design and control to ach~ete optimal d~asol\ed 
ox\@en conccnrrdtlons In the trough hds hren stressed 11 has been 
shown t h a ~  thc d~ssol\ed outgen Ie\els should he pred~ctahle from the 
lncomlng load~ng rdte Potent~a l~  for operat~ondl control of d~ssol\ed 
ox\gen ha\e heen d~scussed 

4 Spec~f~cattons for RBCs should ~ncludc both ox\genarton capaclti and 
efflc~enc\ plus mlrlng chdrdcter~st~cs 

5 Flnal l ~ q u ~ d  sol~d sepdratlon or clar~f~cat~on appears to ha\e lacked 
emphas~s In RBC design For s\stems using drum f~lters the use of 
effluent rec\clmg rdp~dl\ reduces an\ excess wspended biomass In the 
trough and In add~ t~on  ma\ contr~bute lo the dasohed ox\gen Ie\el In 
the trough 

6 Thc role of b~ofloccular~on In the RBC requ1re5 e\aluat~on 
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Tne s t r rng th  of t he  ce l l -wa l l  erjablzs t he  bacterium to r a l n t a l n  i t s  pal t~  _ular  
shape and t o  r c s l s t  t he  In t e rna l  osnlotlc presskre whlctl would o t h c r b i s t  cz-se 
t ? e  Jnrcr  n t  mrane t o  b u r s t  and +he cytoplasm to be sca t t e r ed .  The h a l l  1s i h m t  
0 211m Ihlck I t  nus t  p s s e s s  the a b i l l t y  t o  pzss hoth the  n u t r i e n t  cc ,?uljjs 

1-bards and the wdste ma te r i a l  out ,  although the s t r l c t  d r f i e r e n t l a t l o n  betwcen 
varlous cubs tanc~ s a s  well  a s  the highly s c l r c t ~ v e  cont ro l  of mater la l  d l / f f u s ~ c r  
appears t o  be t h e  r o l e  of t he  cytoplasmic meabrane 

Thls cytoplasmic n~r~rbrane  i s  one of t he  three major s ec t ions  of  t h e  p r o t o ~ l a s t  - 
the other  two belng the  cytoplasm and the nucleus - which e x l s t s  a s  a  t h l n ,  
f r a g l l e  sack l u s t  wl th ln  t h e  wall .  This menbrane cont ro ls  t h e  Ingress  and t h e  
egress of a l l  n u t r i e r t s  and of a l l  waste proilucts, and must t h e r e f o r e  be e x t ~ n ~ ~ e l y  
se l ec t ive  i n  i t s  opera t ion .  I t  1s t h l s  me~brane whlch conta ins  t he  proLopldsm 
and In wlich the bacterlurn l i v e s .  I f  the cel l-wall  is dissolved by e T - y m c  ac t ion  
and the unprotected c e l l  placed l n  an osmotically s u i t a b l e  envirorment t3ae bacterau. 
Can $till functlon Ins lde  the i n ~ ~ b r a n e  1s the conplete cytoplasm, apparently 
consrst jng o f e v i s c o u s  l i q u i d ,  whlrh contams a l l  the complexity o f  necessary 
organrc r a t e r i a l s  e s s e n t i a l  t o  the mctabollc processes of t he  organism. Reserve 
food granules a r e  stosed-up during periods of plenty,  and a r e  ~ s e d  up a s  ex terna l  
food becomes ecarce and the  c e l l  is forced t o  r e l y  upon endogenous r e sp i r a t ion .  

The nucleus is t h e  source of a l l  the mater ia l  necessary fo r  t h e  l i f e  and 
reproduction of t he  c e l l  and it appears not  t o  possess any d e f l n i t e  membrane. The 
nucleus contains one s i n g l e  molecule of double stranded DNA which, i f  s t r a jg t ensd  
out ,  mlght be 1,000 times a s  long a s  t h e  c e l l  i t s e l f  - t h i s  is a chromosome. A l l  

t he  enzymes In t h e  c e l l  o r i g i n a t e  I n  t he  nucleus although t h e i r  a r ea  of a c t i v i t y  
appe3rs t o  be j u s t  wi th ln  the  cytoplasmic membrane. The nucleus a l s o  contains t he  
heredi ta ry  c h p r a c t e r i s t l c ~  of Ihe c e l l  and the  undamaged nucleus possesses t he  
capab i l i t y  of c r e a t i n g  new c e l  u l a r  components t o  r e p a i r  ce l l  damage and a l s o  of 
splitting i t s e l f  i n  t h e  a n i t i a t i n g  s tage  of c e l l  reproduction by b inary  f i s s ion .  

Some bac te r l a  a r e  capable of ensuring t h e i r  continuing ex i s t ence  during prolonged 
periods of adverse condi t ions .  This  they accomplish by t h e  production of 
heavily pro tec ted ,  non-vegetative compaction of t he  c e l l ' s  v i t a l  cons t i t uen t s .  
~ h l s  is the spore which forms within the vegetat ive c e l l  b u t  occupies only about 
one-quarter of thg  a v a ~ l a b l e  volume. I t  i s  o f t e n  assumed t h a t  t h e  spore 
forrnatlon 1s a  response t o  adverse condit ions bu t  this is not  neces sa r i l y  
accepted an4 lt might be  t h a t  this is j u s t  one phase i n  t h e  cyc le  of b a c t e r i a l  l i f e .  
Wlthln the  spore a r e  a l l  t h e  necessary ingredients  f o r  t he  re -es tabl i sh ing  of a  
f u l l y  vegeta t ive  cell .  The spore contains a l l  t he  necessary enzyme systems 
together  with complete growth, r e sp i r a to ry  and genet ic  equipment. A l l  t h i s  is 
enclosed zn a  thxck, s t rong  wall .  Ins lde  the spore t h e  con ten t s  a r e  s a f e  against 
l n t e n s l t i e s  of hea t ,  r a d i a t i o n ,  chemical d i s in fec t an t  and dessication, whxch would 
rapid ly  kill i ts  non-sporeformlng r e l a t i v e s .  And a s  t h e  spore  is non-vegetative 
it i s  unaffected by l a c k  of nutrition. The r e s i s t ance  of  t h e  spore  is due both to 
t he  toughness of the wa l l s  and to t h e  s t a t e  of p a r t l a 1  d e s s i c a t i o n  of t h e  contents. 
Under favourable cond i t ions  and with envrronmental s t imula t ion ,  which is not  y e t  
f u l l y  understood, t h e  spore  w i l l  b u r s t  o u t  of ~ t s  case t o  re-form a  vegeta t ive  c e l l .  

Spores a r e  cornnonly formed by the  aeroblc B a c i l l r i  and by t h e  anaerobic c l o s t r i d i a .  
Bacil lus anthrax and Clostr ldlum t e t a n i  a r e  the causa t ive  organisms o f  well-feared -- -- 
diseases of man and c a t t l e  c1 novyl and C&stolyt~c% a r e  t h e  causa t ive  o rgan l s ; .~  
of gaegangrene wblch was responsible f o r  so nany post-operat ive dea ths  before  the 
days of a sep t l c  surgery.  C1 botulinum(Lt botulus - a  sausage) ,  which is  an -- - - 
organism of fool-porsonlng, produces t h e  most powerful exotor ln  known and i t s  spores 
a r e  capable of . ~ d u r r n g  f o r  more than s l x  hours In bo i l i ng  water .  The only ce r t a in  
way ~f destroying spores  is by complete sterilization I n  an  atmosphere of steam i n  
an  putoclave a t  l Z Z O c  f o r  a  perlod of twenty mrnutes. 



Pleuro Pneunjonla-Llke Organisms (PPLO) - -- - - - - -- - - - - 
The name of this group of mrcroorganrsms i s  derrved from bovlne p l e u r o p n r ~ ~ ~ o n l n  
Initially these organisms were thought t o  be v i ruses  but it bas then appreciated t h a t  
they could be cul tured  on artificial n~edla t o  produce typ ica l  colonies and t h e  PPU) 
were accepted a s  a d i s t i n c t  group of microorganisms. They a r e  general ly p a r a s i t i c  
organisms although s imi lar  oryanisnts have been discovered a s  saprophytes i n  sewage 
and i n  the  s o i l .  

The p r rnc ipa l  c h a r a c t e r i s t i c  of t he  PPLO i s  t h a t  they do not have a r i g i d  ce l l -wal l  
not  do they possess substances capable of forming a cel l-wall .  They a r e  i n  .idany 
f ea tu re s  s imi lar  to bacter ia  bu t  a l s o  pass through an extremely small s t age  l i k e  the  
v i ruses  These small forms agglomerate i n  l a r g e  masses which may be up to 1 C p m  
across and which r ead i ly  d i s i n t e g r a t e  to form small ,  granular  rods o r  spheres.  The 
smal les t  elements may have a diameter a s  small a s  lOOmpm although t h e  l a r g e s t  
d l m e t e r  w i l l  be of  the order  of  s eve ra l  mrcrons 

There is no doubt of the s i m i l a r i t y  between t h e  L-forms and pleuropneumonialike 
organisms bu t  t he re  a r e  a l so  e s s e n t i a l  differences. L-forms can be cu l tu red  on 
r e l a t i v e l y  simple mrdra while t h e  PPLo requ i r e  a more complex growth ma te r i a l  which 
usual ly includes blood serum, and which might a l s o  include growth f a c t o r s  from y e a s t  
e x t r a c t  and choles tero ls .  Unlike t h e  PPLo L-forms a r e  r a re ly  found i n  d iseased  
t i s s u e  One the whole, i f  the L-form b a c t e r i a  a r e  not  known to  have developed from 
a normal, walled spec ies  they a r e  c l a s s i f i e d  a s  PPLo. PPW a r e  now sometimes 
c l a s s i f i e d  a s  mycoplasmatales. 

R-~cketttsae 

Rrcket t s iae  a r e  small,  ob l iga t e  p a r a s i t i c  organxsms b io logica l ly  resembling v i ruses  
but  morphologically s lmi lar  to bac te r i a .  They a r e  primari ly p a r a s i t i c  to i n s e c t s  
from whxch they a r e  t ransfer red  t o  man and o the r  ve r t eb ra t e s  to c r e a t e  a number of 
f e b r i l e  diseases.  They occur a s  symbiotes (symbiotic - a mutually advantageous 
assoc ia t ion  of two organisms) o f  ar thropods and a r e  normally passed on to man through 
t h e  b i t e  of a t i ck ,  o r  a louse,  o r  a f l e a ,  although infec t ion  might fol low t h e  
rubbing of arthropod faeca l  matter  i n t o  t h e  skin.  

Ricket t s iae  were discovered by Howard Taylor R icke t t s  i n  1909 a s  t he  causa t ive  
organisms of Rocky Mountain Spotted Fever. Later  Ricket t s  a l s o  discovered t h e  
Ricket t s ia9  prowazekii which causes epidemic, o r  c l a s s i c a l  typhus; from which d i sease  - 
he died as a r e s u l t  of  h i s  research.  Rocky Mountain Spotted Fever is t r ansmi t t ed  by 
t i c k s ,  endemic (or murine) typhus by f l e a s  and scrub typhus by m i t e s .  C l a s s i c a l  (o r  
epidemic) typhus L s  louse-borne wi th  an  incubation period of between e i g h t  and four-  
teen  days. Typhus invar iab ly  spreads  a s  a r e s u l t  of na tura l  or crea ted  ca t a s t rophe  - 
p a r t i c u l a r l y  war - a d  develops m o s t  r ap id ly  i n  winter  a s  the r e s u l t  of  overcrowding 
and t h e  consequent ease  of t r a n s f e r  of  t h e  c a r r i e r  arthropod. 

R icke t t s i ae  a r e  e i t h e r  rod-shaped o r  coccoid organisms. R prowazekii is a s h o r t ,  
b a c ~ l l u s - l i k e  rod organism wi th  a diameter of about  0 . 3 ~  and a length o f  up to 2.Opo. 
R icke t t s i ae  a r e  usual ly j u s t  v i s i b l e  under an o p t i c a l  microscope and fol lowing f i s s i o n  
o f t e n  c l i n g  together  i n  p a r s  o r  cha ins .  They do not  form spores. Most R i c k e t t s i a e  
would be re ta ined  by a b a c t e r i a l  f i l t e r  bu t  n o t  t h e  genus coxiel la .  R icke t t s i ae ,  l i k e  
v i ruses ,  cannot be gown on a r t i f i c i a l  media and a r e  usual ly cu l t i va t ed  i n  the l i v i n g  
chlck embryos of hen's eggs. Being o b l i g a t e  p a r a s i t e s  they cannot mul t ip ly  ou t s ide  a 
l i v i n g  c e l l .  Unlxke most v i ruses  R icke t t s i ae  a r e  suscept ib le  to an t i -b io t i c s .  

Viruses 

Vlruses a r e  the smal les t  known organisms and they d r f f e r  both i n  t h e i r  s t r u c t u r e  and i n  
t h e  manner of  t h e i r  reproduction from o the r  organisms. The diameter s i z e  of a v i r u s  
w i l l  be between 0 O2Spo and 0 2 5 p ,  which p laces  them beyond the  r e so lu t ion  powers of 



Holorolc microorganlsrcs are able to lngest solid food Into the body Fc1o;~hytic 
n~lc~oorganlsrrs absorb soluble food naterial through the cell ball. 

YPdStS 

Yeasts and molds are only approxll atply definable and the two terms are often 
used merely for convcnjence. Yea-ts, molds, b-cteria, rickettsiae and PPU) all 
belong to the s m e  1oa)or vegetable klnrjdo~n MYLOIHYTA cr FUNGI. Ynzsts and njolds 
p35scss 

(1) thlck r ~ g l d  cell halls (11) 1~010pl~yticnutrition 
(1 11) ablllty to grow on artlflc~al cultures (iv) enryme actlvzty 

There are subtle differences between n~olds and yr-asts and it is nornally c E a f f ~ q . ! t  
to dlfferent~ate sharply. Ycdsts are unicellular plants pcssesslng ovold or 
elllptlcal cells and each cell exlsts as a scperate complete rndivldual The' 
cellk are generally larger than bacterial cells (approx. 5p x 8p). Re~~oductjon 
can be either sexual or asexual. 

Yrdsts form a specla1 type of heat and drought rrsjstant cell called Chlaqydoz-o:l r 
When these are formed the actlve growth of the cell ceases, food ir stored, the 
cell acquires a thick protective wall, dehydration takes place and the spore can 
survive condltlons that are unfavourable to the vegetative cell. 

Molds -- 
m l d s  from long, branched, hair-like flliments which are called hyphae and which 
often develop to form macroscopic masses called mycelium. bolds can grow in 
enviroments in whlch yeasts and bacteria cannot, e.g. high osmotic pressure arcas 
such as jams and preserves. As well as the mycellurn they possess sub-surface 
developments whlch are root-like and serve to fasten the plant in position as well 
as absorbing molsture and nutrients. All molds are strict aerobes. The cell 
walls are usually of chitin. The filament diameters can vary from % to SOU and 
the length may be enomus. 

m l d s  may reproduce sexually or asexually. Septate molds - some mature molds 
exist as long chains of elongated cells arranged end to end and separated by 
septa, Non-Septate molds - with these there are no apparent cross-walls and the  
mycellum conslsts of a continuous, branching, protoplasm-filled tube. 

Pathogenic forms of molds include rihg worm, athletes foot and dermatitis. 

Bacteria -- -- 
The entire group of bacteria know collectively as the o l u s  Szh-izpmycetes (or 
flssion-fungi) may be subdivrded into the following major orders. 

Rhodobacteriales 
Pseudomondales 
Begglatal es 
Xyphomlcrobiales 
Actlnomycetales 
Spirochaetales 
Eubacteriales 
Chlamydohacteriales 
Caryophanales 
Myxobacterlales 

of which the true bacteria - or Eubacterlales - are subdlvlded lnto families 
Bacillaceae 
Lactobacillaceae 



Plop~onibacterlaceae 
Corynebacteriaceae 
Strrptococcaccae 
MI crococcaceae 
Nelssrrlaceae 
Enterobacteriaceae 
Achromobacteriaccae 
P ~ e l ~ d ~ l n ~ n a ~ e a e  
Splrlllaceae 
Brucellaceae 

Further subdrvlslons is into genus, specles, stralns and clones, 

An ex lple of the classification is that of Esherichia coli (E. co1i)which is 
conmn in animal intestrnes and is widely used as an indicator of faecal pollution. 
The group 1s.the coliform group - members of which occur in the intestines of 
animals and man - and the genus is Escherichia. The specles is coli which is 
characterised by ~ t s  inability to utrlize citrate as a sole source of carbon. 
There are then various strarns. 

Eubacteria -- 
Eubacteria (true bacteria) whlch are non-filamentous, non-ph~tosynthetic and possesr 
rlgid walls, include the smallest living organisms. me cell diamter can be as 
small as 0 . 5 ~  

The rate of metabolism of bacteria is proportronal to the surface area to volume 
ratio which is far greater than with other organismsi hence bacteria are irm~ensely 
physiologically active. 

Shapes of bacteria 

(i) sphere (coccus) with a diameter of 0 2p to 4fi. These may be grouped in 
pairs (diplococcus), as a chain (streptococcusl, divrded in to planes, i.e. plater 
(staphylococcus), divided in three planes to give characteristic pockets of eight 
(sarcina) or exist as srngle spheres (micrococcus) 
(li) Curved rods (vibrio) or as a screw or spiral (spirillum) 
(ili) Straight rods (bacterium) - some of these are able to form heat resistant, 
non-vegetative spores. 

All food is absorbed through the cell-wall and a11 waste product. diffused out 
through it. If the area of the wall in relation to the cell volume becomes too 
r>mited with growth, then drvision takes place to create a fresh cell. 

,The bacterzal cell possesses four distinct sections (figure 1.5) which, working from 
the outslde inwards, are the flagella 

the capsule (or slime layer) 
the cell wall 
the protoplast 

The flagella, w h ~ c h  are each attached to a basal granule inside the cytoplasmic 
membrane, permit the bacteria to be motile and to move in a random search for 
equitable environmental conditions Removal of the flagella does not effect the 
vlabllity of the cell. 

The capsule rs the layer at which the bacterium contacts its enviroment. Its 
th~ckness varies with species and condition from about 10pmdown to a fract~on of a 
micron. Enlarged capsules are apparent with pathogenic bacteria and seem to be 
associated with the virulence of the microorganism. In some manner ~t appears that 
the mucord gum allcws the bacteria to evade the antagonistic actions of the phagocytes 
(white corpuscles) in the blood 



1 introduction 

microbiology 

Microorganlsrcs a r e  both t he  enray and the  servant  of t h e  Water E n g l n e ~ r  and A- 
water p o l l u t ~ o n  con t ro l  s p r c l a l l s t  The c l a s s l c  ba t -er -brne  d i r e a s r s  of 
cholera (Vlbrlo chol era4 , er l te r lc  f ev r r  (Salnonella Sp.) and bac t c r l a l  dyt r - :  c- 
(Shige l la  so rne i )  a r e  not  t he  l ~ a s t  i n  any l i s t  of t h e  plagues of  rr-nr,nd, ane 
two of t h e  most wlciespriad d l s c a s t s  which cu r ren t ly  i n f e c t  hundred: f t i . i l i l r r -  
of people LF~roughout t h e  hgr ld  - ha la r i a  and Sch l s toso r i a s i s  - r e l y  d l l c c t l ,  L. 

l n d i r r c t l y  on water f o r  t h e i r  d ispers ion  

P a r a s i t e s  and pathogenic organisms a r e  'he memy, but  a  wlde range of heterotrc.  
saprophytes can be employed for t h e  s t ab i l i za t aon  of waste p u t r e s c i h l e  orgaqic  
matter ,  which may be e i t h e r  water-borne o r  as s o l ~ d  refuse .  Microorganisms m n )  
aerobic  - r equ i r e  d isso lved  oxygen i n  order  to metabolioe 
o r  anaerobic  - m e t a b o l ~ s e  i n  t h e  absence of dissolved oxygen 
o r  f a c u l t a t i v e  - possess  a b i l i t y  ( facul ty)  to  grow e i t h e r  ae rob ica l ly  o r  
anaerobica l ly ,  
and they may be 
he tero t rophic  - ob ta in  energy and c e l l u l a r  mater ia l  from a  v a r i e t y  of organic 
compounds 
o r  au to t rophic  - o b t a i n  energy through theox ida t ionof  s p e c i f i c  inorganic  
molecules 
The microorganisms may i n g e s t  t h e i r  food 
holozoica l ly  - a b l e  t o  i n g e s t  s o l i d  food i n t o  t h e  body 
o r  holophyt ica l ly  - t h e  food i s  absorbed i n  so lu t ion  through th& ce l l -wal l s .  
They may e x i s t  a s  
saprophytes - l i v e  o f f  l i f e l e s s  organic matter 
o r  pathogens - l i v e  on, and c r e a t e  d isease  i n ,  l i v rng  cells 
and may ob ta in  t h e i r  energy e i t h e r  
chemosynthetically - from t h e  oxidation of organic compounds 
o r  photosynthe t ica l ly  - d i r e c t l y  from sunl ight .  
~ u t  fo r  s u n p l i c i t y  and p r a c t i c a b i l i t y  all-microorganisms may be d\iviqed i n t o  e ight  
major groups 
a lgae  
protozoa 
yeas ts  
molds 
bac t e r i a  
p leuro  pneumonia - l i k e  organisms (PPM) 
rickettsiae 
v l ruses  

Algae 

These slmple organisms belong t o  the l a r g e  group Thallophytes - t h e  t h a l l u s  pli. t t -  

- i n  t h a t  they do n o t  have d e f i n i t e  roots ,  nor vascular  stems for ,b lood or sag, dr~d 
do not  produce f lowers  o r  seeds. They a r e  a l l  photosynthe t ic  i n  t h a t  they contain 
chlorophyll  and a r e  capable of accepting energy f ro% s ~ n l l g h t .  Sn sun l igh t ,  r s  
they respond pho tosyn ihe t l ca l ly ,  t he  a lgae  u t i l i z e  t he  C O 2 / ~ c 0 5  / c o " ~  complex i n  



baler  a s  t h c l r  source of c e l l u l a r  c o r b n  They a l s o  reyul re  dn appreciable 1 -vcl 
of Loth n i t r a t e s  and phosphates a s  the 5odrce of c e l l u l a r  n l t r o g ~ n  and p11asptl rus 
n ~ r i n g  photc,synthesis relatively lirror q ~ i o r ~ t ~ t  les c . f  u) n a r e  IiroPut ed 

6C02 + 6H20 ;. C6H1206 + 602 

In t h e  absence of sunl ight ,  o r  In  situations of reduced l i g h t  intensity, many a lgae  
~ ~ J e r g o  endogenous r e sp l r a t lon  whlle o the r s  u t l l l z e  organic suhs t r a t e s  a s  t h e l r  
s ~ ~ r c e  of energy i n  the manner of bacteria. For both these forms of reqpl ra t lon  
dissolved oxygen is requlred and is  absorbed from the  carr ldge water Kany blue/ 
green a lgae  possess t he  capab l l l t y  of 'fixing' atmospheric nltrogen Reprodurtion 
f o r  t h e  a l g a e  can e i t h e r  be sexual - fusion of gametes t o  form zygotes - or  asexu-1 
Successive generat ions frequently reproduce alternatively sexually and then asexually 

Algae e x i s t  e i t h e r  as individual  c e l l s  (phytDplankton in  water ) ,  o r  a8 clumps (Volvox, 
Gonium, Panddrina), o r  a s  extended filamentous s t r ands  A common branched form of  - -- 
f i lamentous a lgae  i n  fresh-water is  t h e  blanket-weed, Cladophora, which a t taches  
i t s e l f  to  t h e  substratum by modified basal  c e l l s .  These filamentous algae a r e  ab le  
t o  d iv ide  i n  one plane i e. longi tudina l ly  and transversely.  Sea-weeds a r e  marlnr 
~xamples  of filamentous algae* some of which a r e  used f o r  food, some a s  fertilizer 
and o t h e r s  (Gelidearn, Gigantina) a r e  harvested to produce t h a t  bas ic  necessi ty of  
m i c r o b ~ o l o g i s t s  - agar. 
A l l  a l gae  possess chlorophyll which i n  Inany spec ies  i s  associated with one o r  more of 
a v a r l e t y  of o ther  pigments such a s  phycocyanin, t h e  carotenes,  t h e  xanthopylls,  
fuchoxanthanin and phycoerythin. Algae a l s o  s t o r e  i n t r a c e l l u l a r  food i n  t h e  form of 
sugars ,  a s  t h e  polyhydrlc alcohol  mannitol, a s  s t a r c h ,  and a s  s ta rch- l ike  materials 
such a s  glycogen, and o ther  c h a r a c t e r l s t l c  polysaccharldes The ce l l -wal l s  of a lgae  
c o n s i s t  o f  ce l lu lose  o r  of a ce l lu lose- l lke  mater la l  which might contaln pec t ln  o r  
s i l i c a  a s  we l l  a s  t h e  ce l lu lose .  Some un ice l lu l a r  a lgae  a r e  motile by reason of one 
o r  two f l a g e l l a  (e.g. Chlamydomonas, s lng le  flagellum, found i n  pol luted waters ) ,  
o t h e r s  a r e  non-motile except f o r  t he  spcres ,  while o the r s  a r e  compktely non-motile 
( e  g Ch lo re l l a ,  found i n  heavily pol lu ted  waters) .  Blue/green algae may be present  
In l a r g e  numbers i n  sur face  waters. A 'bloom' i n  a reservoi r  may contain 1,000 t o  
2,00O/ml, whlle i n  eutrophic condit ions the  numbers may increase up to 5,000 o r  20,000 
o r  even, on occarlons, up  to  400,00O/ml. 

Protozoa 

These a r e  s i n g l e  c e l l ,  microscopic animals which general ly possess no r i g i d  c e l l  wall  
but  Ins tead  have a s o f t  and f l e x i b l e ,  r e l a t r v e l y  f r a g i l e ,  outer  c e l l  membrane which is  
made of c h i t i n  (a glucose complex). Protozoa a r e  t h e  srmplest forms of t h e  anxmal 
kingdom b u t  a r e  many times the s i z e  of bacte<ia, i e. a paramecium w i l l  he about 20Mby 
4il(co-1pared with an E. Calr which w i l l  be about 1p by lop. Protozoa a r e  sub-divided 
*nto  4 c l a s ses :  

Sarcodrna - rmve by means of pseudopods, e g Entarnocba h i s t o l y t i c a  - t he  causa t ive  
organism o f  amebic dysentery. 

Mastigophera - move by means of long, whlp-like lashes  ca l l ed  f l a g e l l a ,  e.g Trypanosorna 
rhodesianse - t h e  cause of Afrlcan sleeplng sickness. 

Sporazoa - s o  ca l l ed  because they reproduce by spores. In  t h e  immature s t ages  they 
move by means of pseudopods but  t h e  male gamete is  f l a g e l l a t e ,  e g Plasmodium vlvaz  
whlch causes  malaria  from whlch 25D mil l lon  people su f f e r  each year and from which 
2 5 mi l l i on  d i e .  

C i l i a t a  - move by means of ha i r - l ike  processes c a l l e d  c i l i a ,  e g. Parameciw caudatum 
which 1s non-pathogenic 



the o p t l c a l  microscope, and o n l e  t h e  l a t e r  l n v r n t l o n  of  t h e  c l ~ ~ c l r c n  -,1c1<1 c , I 

prov ldrd  any ldea  of t h e l r  shape V ~ r u s e s  c o r s l s t  o f  a  c e n t r a l  c o i l  of r d c l c l r  
a c l d ,  whlch may b e  e r t h e r  RNA o r  DNA, surrounded by a  p r o t e l n  c o a t ,  o r  L ,  5 1 '  

I n  f a c t  a  v i r u s  1s c o n s t r u c t e d  o f  o n l y  a  l i m i t e d  number of co,?plex c h e ~ ~ ~ c a l  u q , t s  
whlch g i v e  r t  a  t o t a l  noolecular welyht  o f  a  few million. 

They a r e  o b l i g a t e  p a r a s i t e s  and reproduction can only t a k e  p l a c e  i n  L o n l u n t t i c n  
w l t h  t h e  l n f e c t e d  c e l l .  The n u c l e i c  a c l d  c o r e  o f  t h e  v l r u s  e n t e r s  t h e  hoc t ce:' 
and usurps  t h e  reproductive f a c t o r s  of t h e  cell.  A l l  normal d c v e l o p ~ ~ r n t  of t h 6  
i n f e c t e d  c e l l  cedses  and ~ t s  behavlour  1s s p r c l f l c a l l y  modifled t o  c r e a t e  ~ t j o r k  

v l r L s e s  which a r e  r e l e a s e d  by l y s l s  o f  t h e  I n f e c t e d  c e l l  %t. c e l l  a j r i  - 1 8 ,  2 1 ,  

r n  f s c t  enslaved by t h e  v i r u s  The v l r u s  i s ,  however, h i g h l y  s p e c 7 f i c  ar9 3 s  

& l e  t o  p a s s  through many secondary h o s t s  wl thou t  r e a c t i o n  

I t  appears  *,at n~any v r r u s e s  can e x l s t  f o r  extended p e r i o d s  away from t h e  I ~ r s t  
through belng absorbed o n t o  b a c t e r i a l  s u r f a c e s  o r  colloidal d e b r i s  r n  t h e  
anvrionment. Moderate t e n p e r a t u r r s ,  however, o f  on ly  50OC to 550C f o r  a  few 
minutes  wr l l  effectively inactivate them, a l though  they do pCsrss  the a b i l l t y  
t o  wi ths tand  c o l d  even b e t t e r  t h a n  do bacteria. U l t r a - v i o l e t  l r g h t  is  u s u a l l y  
q u i t e  e f f e c t i v e  f o r  v i r u s  i n a c t r v a t i o n ,  e s p e c i a l l y  a t  t h e  kavelength o f  265 8m. 
The p e c u l i a r  c h a r a c t e r i s t i c  o f  a v i r u s  i s  i ts  a b l l i t y  tn mutate  r e a d i l y  
Although a n t i - b i o t i c 5  have o n l y  a s t r r c t l y  l l m l t e d  e f f e c t  on  a v i r a l  infect1o. l  
t h e  body does n o t  p r o t e c t  i t s e l f  by t h e  p roduc t ion  o f  antibodies T h ~ s e  
a n t i b o d i e s  can p rov ide  extended immunity a g a i n s t  a recur rence  o f  a s i s i lar  
i n f e c t i o n  b u t  the a b i l i t y  o f  the p a r t r c u l a r  v i r u s  t o  mutate  may mean t h a t  a 
f r e s h  a t t a c k  discovers no effective developed r e s i s t a n c e  

The v i r u s  d l s e a s e s  r n  man Inc lude  smal lpox,  i n f e c t l o u s  hepatitis, yel low f e v e r ,  
~ n f l u e n z a ,  r a b l e s  and poliomyelitis. 
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CONCEPTS OF WASTE STABlLlSATlON POND TREATMENT 

Waste rtab~llsetion ponds are relatively shallow man-made bastns tn whlch 

organic mattqr i s  oxldraed o r  reduced, and pathogenlc organisms destroyed 

b y  the action of naturally occurring blologlcal degradation phenomena 

Little operattonal control over these phenomena is possible, and the perfor- 

mance and character of a pond IS dictated by  such factors as: 

o depth 

o area - 
o ~ndoming pollution load 

o lncldent solar radiation 

o water temperature 

o Wxlc inhibition 

o wtnd Induced mlxlng 

Waste stabllisat~on ponds have found world-wide appllcatlon and In some 

respects are mare effrcient then the htgher rate, more rntenslve processes 

such as act~vated sludge and flxed-ftlm biological reactors (f l l ters and dlsc 

,unrts) Certainly from the vlew-polnt o f  the removal of pathogenlc orga- 

nisms of most ktnds, waste stabll lwtlon ponds, o f  the correct des~gn and 

sequence, are the most efflctent process available 

Waste stablltsatlon ponds are particularly sulted to sub-trop~cal and tropl-  

cal appltcatlons as the elevated temperatures and htgh levels of ~ n c ~ d e n t  

radtation substantially reduce the land area requirements and the total cost 

of construction It IS cotncldental that ~t 1s In these troplcal and sub- 

tropjcal areas that surface waters are often used for drlnktng water supply 

wtth l l t t le o r  no treatment A further constderatlon IS that ponds are 

eastly constructed wtth unskilled labour and do not requlre expensive 

mechanical equipment needlng maintenance and spare parts Slmple con- 

struction IS matched b y  ease of operation and maintenance, aqthough l ~ k e  

all t~eatment works regular and systematic attention IS requtred From the 

foregoing ~t is clear that waste stabtllsatlon ponds should be considered as 

a f t rs t  cholce before alternattve treatment processes In most countrtes of 

the world, where water-borne waste water o r  nlght-so11 IS to  be treated 



The bio log~cal  degradation processes whlch occur In waste stabil isation 

ponds general ly Include bo th  aerob~c and anaerobic ?ones etther separately 

o r  wl th ln one pond The  process as a whole represents one step u p  the  

scale o f  intensification o f  waste water treatment which ranges f rom merely 

spreading o r  spraying untreated waste over  suitable land areas to high 

rate activated sludge o r  f l u i d ~ z e d  bed processes requiring pu re  oxygen. 

In the  serobic zones o f  waste stab~l isat ion ponds the  degradmtlon o f  wastes 

is  achlewed b y  t he  symbiotic functions of algae end bacteria T h e  algal 

produce oxygen th rough photosynthesls and u t ~ l l s e  t he  n u t r ~ e n t s  available 

In the  raw waste water o r  produced as end-products o f  t he  bacterial 

breakdown organlc matter occur r ing  concurrent ly  whlch In turn uses the  

oxygen produced b y  t he  algal T h ~ s  relationship IS I I I u s t r q t ~ d  in Figure 

1 

In the  anaerobic zones o r  ponds the  process o f  methane f~ rmen tb t i on  

occurs as ~ l l us t ra ted  In F ~ g u r e  2 

The varlous reactions t a k ~ n g  place In a facultat ive pond are s h o r n  in 

Flgurs 3 

There are several types o f  stabll isation pond depending principally o n  the  

organic loading These ponds w e .  

ANAEROBIC PONDS (AWSP)- anaerob~c ponds are  usual ly deep 

baslns loaded suf f ic ient ly  t o  ensure t h a t  

t he  whole contents remain anaerobtc and 

methane digestion occurs to  some 

extent  

FACULTATIVE PONDS (FWSP). facul tatwe ponds are  those In which 

the  l iqu id  waste IS aerobically and 

anaerob~cal ly and the  majorl ty o f  the  

oxygen r e q u ~ r e d  f o r  aerobic ox~da t i on  

being supplled b y  algal photosynthesls 

A t  t h e  bottom o f  t he  facultat ive pond IS 

an ae rob~c  sludge layer  undergoing 

digestion o r  methane fermentation, 



Wlnd Induced m ~ x l n g  1s Important t o  

prevent  thermal s t r a t ~ f i c a t ~ o n  l t m ~ t ~ n g  

algal a c t l v ~ t y  Where ~ n s u f f l c ~ e n t  w ~ n d  

rnlxlng 1s expected a r t ~ f i c ~ a l  mlxlng b y  

mechantcal means IS necessary. 

MATURATION PONDS (MWSP), matupation ponds have t h e  principal 

func t~on  of ach~ev lng  a h i g h  degree o f  

pathogen removal They are aerob~c, 

shallow ponds supporting large numbers 

of r o t ~ f e r s  and protozoa which asslst In 

v l rus  removal In add l t~on  maturatcon 

ponds "p0lish" t h e  ef f luent  b y  p r o v ~ d -  

Ing fu r the r  settlement and removal of  

n u t r ~ e n t s  and low concentratlon sub- 

strates l ~ k e l y  t o  cause the  growth of  

sewage fungus and watercourses 

HIGH-RATE AEROBIC PONDS: h ~ g h - r a t e  aerobic ponds are v e r y  

(H-RWSP) shallow ponds o f  not more than 300- 
400 mm and re ten t~on  tlmes o f  1-3 days. 

The depth IS such tha t  full penet ra t~on 

o f  rad la t~on IS l ~ k e l y  The pond must 

be m ~ x e d  several tlmes a day and the 

algal mater~a l  removed p r l o r  t o  d ~ s -  

charge Close control IS r e q u ~ r e d  and 

they are not  recommended fo r  general 

appl~cat ion 

AERATED LAGOONS (ALWSP) aerated lagoons are aerob~c o r  falcul- 

tat lve waste s t a b ~ l ~ s a t ~ o n  ponds m whlch 

the oxygen r e q u ~ r e d  f o r  ox~datron - is  

supp l~ed  wholly o r  In p a r t  b y  mecham- 

cal aeratlon f a c ~ l ~ t t e s  Aerated lagoons 

may be  "completely m ~ x e d "  o r  "pa r t~a l l y  

m1xed1' The completely rn~xed lagoons 



(o r  neartng so) ma in ta~n all t he  so l~ds  

In suspenston and are cons~dered t o  be  

fully aerobic w ~ t h  algal contrrbut lon t o  

t he  oxygen budget  r e l a t ~ v e l y  small 

The  incompletely mtxad lagoons are 

facultative wi th an anaerobtc sludge 

layer  as In PacultaUve ponds. The 

con t r~bu t ton  o f  algal photosynthe t~c  

productton t o  t h e  oxygen budget  may 

be s t g n ~ f ~ c a n t .  

Where pond systems lncorproate some means o f  mechan~cal mlxlng requtr lng 

a power source constderatlon should b e  g iven to  t he  provlston o f  a rec l r -  

r u l a t ~ o n  f a c ~ l t t y  whlch can asstst In odour control  o f  anaerobic ponds and 

re l t ev~ng  the  load on the  pr tmary facultattve pond b y  r e d u c ~ n g  the  reten- 

I I011 

The r o m b ~ n a t ~ o n  and sequence o f  d i f fe ren t  types o f  ponds IS f lextble and 

the posslble "process t r a ~ n s "  a re  as follows uslng the  abbrevlatlons tndlca- 

t ~ d  above 

+ FWSP + 

+ i ~  .-,L~F. + MSWP + (MSWP)" 
p a r t  mtxed 

+ ALWSP + FWSP + MWSP -t (MWSP)" 
fu l l y  m ~ x e d  

- AWSP + ALWSP + MWSP + (MWSP)" 
p a r t  mtxed 

AWSP + ALWSP + FWSP + MWSP + (MWSP)" 
fully mtxed 

Yote rectrculatton around some o r  al l  o f  ponds In sertes 1s poss~b le  

Tne advantages and d~sadvantages o f  waste stabtltsatton ponds may be 

summarlsed as follows: 



Advantages Disadvantages 

no prlmary sedimentat~on requtred o large land area requ~red  

no primary sludge to be treated o hrqh a l ~ a l  content In effluent 

easy molntenance o evaporative lqss of water for  
reuse 

good d~ lu t lon  of shock loads o occas~onal odour nuisance 

stabilised sludge produced 9 algal toxic sensitlvlty 

no continuous sludge product~on 0 

f l r x i b l l ~ t y  In operation and extension 

no power requ~rements 

I l t t le mechanical equipment requtred 

excellent rbmoval of pathogens 

land is barily reclaimed 

simple contruct~on 

unskilled operetors 

low hydraulic head loss 

F ~ g u r e  1 - Symb~ot~c algae-bacteria relatlonsh~p 

2 - Anaerobic methane formation o f  complex waste 

3 - Facultative waste stabillsation and m h m i s m  
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ANAEROBIC WASTE STAB1 LlZATlON PONDS 

1. Definit ion 

Anaerobic ponds may be regarded as uncovered mesophilrc d~gesters  in 

which organlc matter i s  converted t o  methane and carbon d iox~de.  The 

ponds are re la t~ve ly  deep and anaerobic condrtions are ensured by apply- 

i ng  a pollution load of a st rength suffrcient to  exceed the potential oxygen 

production from algal photosynthesis The anaerobic breakdown of a 

complex waste is  shown in Figure I. 

2. Applications 

Anaerobrc ponds have been used t o  t reat  a wide range o f  waste waters . . 
includrng : 

slaughterhouse 

canning 

tannery 

text i le dyeing 

meat packing 

fruit & vegetable processing 

d a ~ r y  

domestic 

refinery/chemical complex 

They are par t icu lar ly  suited f o r  the treatment o f  s t rong organlc wastes 

which have a relat ively low content o f  settleable solids. The removal o f  

BOD In ponds o f  typrcal retentions IS in the range o f  25-80% and 50% IS 

commonly achieved. Such removals great ly  reduce the  size of subsequent 

treatment facilities. An additional benefrt of the anaerob~c ponds is  that  

they provlde some role o f  pr lmary settlement, settleable solids are removed 

and subsequently anaerobrcally d~gested within the ponds. The b u ~ l d - u p  

of sludge in subsequent ponds IS reduced as IS t he  cost o f  desludging. 

Typrcal BOD loadings are in the  region o f  0 2 kgs/msd. Loading rates are 

often quoted p e r  unit area although th is  has limited meaning. Typrcal 



areal load~ng rates quoted are in the range o f  1000-6000 k g  BOD/ha d 

(McGARRY and PESCOD, 1970), although rates between 112 ahd 450 have 

been used in California, USA (OSWALD, 1968). Normal s t rength domestic 

wastes have been treated successfully in anaerobic ponds (PARKER et  all 

1959 & 1968; BRISBAN e t  all 1967) b u t  th is  application does not  make as 

optimal use o f  t he  process as does the treatment o f  strong organic ~ n d u s -  

t r i a l  wastes. 

The successful application o f  anaerobic ponds depends on a number of 

factors dictated b y  the  relatrvely slow a c t ~ v r t y  o f  the methane formrng 

bacteria and the i r  sensitivity t o  t o x ~ c  shock loads Such factors ~nclude:  

o temperature : 

over lS°C essential and In excess o f  20°C preferable The 

, . effect o f  temperature on retnetion time requlred i s  shown in 

Figure 2. Various forms of surface ~nsulat ion materials have 

been used The scum layer also provides insulation 

o mlxing: 

no mechanical mixing i s  usually used and gas bubbl ing t o  the 

surface combined w ~ t h  the  in let  d e s ~ g n  p r o v ~ d e  some degree o f  

mixlng . 

o inpu t  pattern. 

anaerobic ponds operate more successfully if the i npu t  load IS 

reasonably constant. 

0 toxicity. 

anaerobic digestion processes (especially the  methane formers) 

are p a r t ~ c u l a r l y  sensitrve t o  tox ic  inh ib i to ry  substances in the 

raw waste water. 

o ph: 

below p 5-4 methane bacter~a become inactive and the opt~mal pH 

i s  7-8 



3 Deslgn 

3.1 Loadlng Rate 

The principal design c r ~ t e r i a  i s  el ther a volumetric o r  areal loading rate 

I e. kgs BOD/m3d o r  kgs BOD/ha d The l ~ t e r a t u r e  IS dlvided on whlch 

t o  use although t h e  tendency now 1s t o  use the volumetric loadrng, areal 

load~ngs no t  tak lng Into account the depth o f  t he  pond Typlcal loadlng 

rates have been quoted as I n  Table 1 

3 2 Deslgn Formulae 

Emp~rrcal mod~f~cat ions  to  the  completely mrxed f ~ r s t - o r d e r  k ~ n e t ~ c s  equa- 

t lons have been used, such as tha t  proposed by VINCENT e t  al (1963). 

where Le, Li = eff luent and Inf luent BOD (mg/l) 

k = reaction rate c e e f f ~ c ~ e n t  (day-') 

N = constant 

R = retention perlod (days) 

TABLE 1 : Loadlng Rates 

Volumetr~c Loading BOD Removal Source 
(kgs BOD/mad) ( 8 )  

meatlng packlng 192-240 85 WHITE (1970) 
livestock wastes: 

o pou l t ry  manure 80-160 7 

o milk parlour 138 85 
o da i r y  manure 320 88 

Areal Load~ng BOD Removal Source 
(kgs BOD/ha d )  ( 8 )  

normal sewage 1008-1344 60-70 
1120 1 

frult processing 
wastes 672 ? DORNBUSH 

tomato processing (1 970) 
wastes 448 75-80 

c i t rus  fruit processing 224 7 

wastes 

domestic 
560-1120 7 OSWALD (1968) 

1000-6000 ? McGarry & 
PESCOD (1970) 



Values of kn and N a t  20°C were found t o  6.0 and 4.8 respect~veiy fo r  a 

pond in Zambla. GLOYNA and TISCHLER (1979) use a similar equatlon f o r  

application t o  chemical re f lnery  wastes. 

3.3 Retention 

Retentron is  commonly regarded as the most important parameter o f  per for-  

mance predict ion but t h ~ s  IS an o v e r - s ~ m p l ~ f ~ c a t ~ o n .  Typical re ten t~on  

periods lie between 2 t o  5 days (MALINA and RISO, 1976) and the impor- 

tance o f  th is  factor i s  dependent upon the type o f  waste, the temperature, 

t he  var iabl l l ty  etc.; retentton p e r ~ o d  per  se i s  no t  a fundamental design 

paran?$ter ARCEIVALA (1970) quoted a range of 2-7 days dependrng on 

temperature while McGARRY and PEJCOD (1970) repor t  t ha t  re ten t~on  

periods o f  longer than 5 days appear to  have l ~ t t l e  effect on  BOD removal 

f o r  a given inf luent  mass load. DORNBUSH (1970) reports varlous reten- 

t ions used in Australia (2-5 days), USA (3-6 days), Canada (2-4) days 

3.4 Depth 

Anaerobic ponds are generally 3-5 m deep although shallower ponds have 

been used. Greater depths tend t o  conserve heat and ensure tha t  the 

contents are fully anaerobic. Penetration to the ground water table IS not  

des~rab le  as t h ~ s  may lead to contamination o f  a water source and also 

coollng o f  t h e  pond contents 

3 5 Recirculation 

There i s  some evidence tha t  rec~rculat ron reduces odours from anaerob~c 

ponds (OSWALD, 1968) and improves the  performance (WHITE, 1970; 

DORNBUSH, 1970). However ~t i s  important t o  d~s t ingu ish  between sludge 

s o l ~ d s  recirculation t o  Increase the  I1actlve in the  pond and e f f -  

luent  recirculation to  reduce odours dy the  formation o f  an aeroblc surface 

layer. Improved mixing may also be  a beneficial result .  



5.6 Conf lgurat ion 

Anaerobic ponds may be used In series o r  In parallel and some f lex ib l l l ty  

in operation IS desirable. Breadth to  length ratlos o f  a t  least 3 t o  1 have 

been suggested b y  COERVER (1964) In order  to fac~ l i ta te  emptylng by 

drag-llne. OSWALD (1968) has suggested various in let  deslgns. 

The eff luent from anerob~c ponds IS not  sultable f o r  d~scharge t o  the 

environment and requires fu r the r  treatment 

F ~ g u r e s  & Tables 

Figure 1 - Breakdown o f  complex waste anaerobically 

Figure 2 - Effect o f  temperature on time f o r  complete digestion 

Tables 1 - Anaerob~c pond loadlng rates 
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1. H i s t o r y  

Act lva tod-Sludge  was developed by Messrs Arden and Locket a t  Manchester i n  1914 
They a e r a t e d  a  sample of  s e t t l e d  sewage f o r  a  pe r lod  of  days  b e f o r e  a l lowing  i t  t o  
se t t le  i n  or t je r  t o  decan t  t h e  t o p  l i q u o r .  The c o n t a i n e r  was then  r e f i l l e d  wi th  f r e s h  
s e t t l e d  sewage and the p r o c e s s  cont inued u n t i l  a h i g h l y  a c t i v e ,  f l o c c u l a n t  sgudge was 
produced. T h i s  s l u d g e  was found t o  be capab le  o f  p u r i f y i n g  waste-water  w i t h i n  a  
pg r iod  o f  a few h o u r s ,  when a e r a t e d  i n  c o n t a c t  w i t h  ~ t .  T h i s  s l u d g e  was c a l l e d  
a c t ~ v a t e d - s l u d g e .  

2 What i t  is 

~ c t r v a t e d - S l u d g e  $ 6  a  f l o c c u l a n f  mass, mainly o f  s a p r o p h y t i c  b a c t e r i a  intimately rnixcd 
w i t h  t h e  p ~ l y s a c c h a r i d e  s h e l l s  o f  dead microorganisms Through o r  on t h l s  f l a ~ c u l a n t  
mass s w i m  o r  c r awl  many varieties of  p ro tozoa ,  Fungl are common i n  a c t i v a t e d - s l u d g e ,  
p a r t i c u l a r l y  i n  t h o s e  s l u d g e s  d e a l i n g  wi th  seuages  containing a  h l g h  p ropor t ion  o f  
industrial was tos .  A l ~ a e ,  because o f  t h e  l i m i t e d  c o n t i n u i n g  c o n t a c t  of  t h e  s l u d g e  
w l t h  s u n l i g h t ,  are rare. Macro-organisms a r e  f a r  less common i n  a c t i v a t e d - s l u d g e  
than  i n  p e r c o l a t i n g  f i l t v r *  and a r e  l a r g e l y  l i m i t e d  t o  r o t l f e r s  and nematode norms 

An e m p i r i c a l  formula f o r  t h e  s l u d g e  h a s  been sugges ted  a s  e i t h e r  C5H7N02 o r  Cl lB 11170 
N17 P. 

The p r o c e s s e s  o f  a c t i v a t e d  s l u d g e  t r ea tmen t  a r e .  

( i )  Adsorpt ion  
( i i )  Carbonaceous o x i d a t i o n  
( i i i )  N z t r i f i c a t i o n  

3,  The Act iva ted-Sludge  P r ~ c e s s  

There  a r e  f i v e  fundamental  components o f  t h e  a c t i v a t e d - s l u d g e  p r o c e s s .  

( 1 )  A r e a c t o r  i n  whlch w a s t e - u a t e r  t o  be t r e a t e d  IS  I n  c o n t a c t  w i t h  t h e  
a c t i v a t e d  s l u d g e  

( 2 )  A means o f  t r a n s f e r r i n g  a tmosphe r rc  oxygen t a  t h e  r e a c t o r  c o n t e n t s  

(3)  A means o f  a g i t a t i o n  t o  e n s u r e  s u f f i c i e n t  c o n i a o t  betwuen t h e  s l u d g e ,  
t h e  p o l l u t e d  l l q u i d  and t h e  d ~ s s o l v e d  oxygen 

( 4 )  A sys tem by which t h e  a c t i v a t e d - s l u d g e  may be s e p a r a t e d  from t h e  
p u r l f l e d  l i q u i d  t o  better than  99%. 

( 5 )  A sys tem f o r  r e - c y c l i n g  t h e  a c t i v a t e d - s l u d g e  from t h e  secondary 
s e t t l e p e n t  t anks  t o  t h e  r e a c t o r .  

Co~nporients 2 and 3 a r e  I n v a r i a l ) l y  t h e  same 
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I n  t h e  a e r a t i o n  channe l s  t h e  b u i l d  u p  o f  d a u g h t e r - c a l l s ,  1 e t h e  p roduc t ion  of  
a c t i v a t e d - s l u d g e ,  c o n t i n u e s  u n t i l  t h e  p r o c e s s  i s  I n h i b i t e d  by 

( 1 )  Exhaus t ion  of  t h e  s u b s t r a t e  
(11) Bui ld-up  of  t o x i c  end-products  
( i i i )  Shor t age  o f  oxygen 

4 .  A e r a t i o n  Systems 

Atmospheric  oxygen i s  s u p p l l e d  t o  t h e  mix tu re  of  waste-water  and a c t i v a t e d - s l u d g e  
(mixed- l iquor )  e i t h e r  by means o f  a  s u r f a c e - a e r a t o r  o r  through d i f f u s e d  a i r  

S u r f a c e  a e r a t i o n  i s  brought  a b o u t  by a  mechanical  a g l t a t o r  s p i n n i n g  p a r t i a l l y  
i n  and p a r t i a l l y  o u t  o f  t h e  mixed l i q u o r .  I n  t h i s  manner t h e  l i q u o r  i s  thrown 
v i o l e n t l y  a c r o s s  t h e  s u r f a c e  o f  t h e  t ank ,  g r e a t l y  e x t e n d i n g  t h e  s u r f a c e  a r e a  o f  
c o n t a c t  between i t  and t h e  a i r ,  and t h u s  f a c i l i t a t i n g  t h e  a d s o r p t i o n  o f  oxygen. 
mls  a e r a t o r  may be 

( I )  Simplex-Type - i n  which a sys tem o f  r a d i a l  vanes ( t h e  cone) s p i n s  abou t  a  
v e r t i c a l  a x i s  a t  t h e  s u r f a c e  o f  t h e  mixed l i q u o r  and p u l l s  t h e  l l q u o r  up 
through a  v e r t i c a l  updraught  t u b  p r i o r  t o  dispersing i t  o v e r  t h e  t a n k  
s u r f a c e  

9 
FIGURE 2 



The mcchanical  a e r a t o r s  a r e  u s u a l l y  matched t o  i n d i v i d u a l  d r i v e  u n i t s  and t h e  
cones  r e v o l v e  a t  between 3 0  and 60 r p  m 

The oxygenat ion  c a p a c i t y  i s  v a r i e d  by a l t e r i n g  t h e  d e p t h  t o  which t h e  cone 
is  immersed i n  t h e  m i x e d - l ~ q u o r .  This  1s ach icvcd  e i t h e r  by mounting the 
a e r a t o r  on a  r e t r a c t a b l e  d r i v e  s h a f t  o r  by employing a n  a d j u s t a b l e  o u t l e t  
w e i r  from t h e  tank The oxygonatlon e f f i c i e n c y  is mainta ined  over  a  wide 
range  of  immersion which e x t e n d s  from t h e  t o p  o f  t h e  cone to 200 mm I~clow 
t h e  top .  

The equipment is r o b u s t  and r e l l a l ~ l e  and t h e  o v e r a l l  g e a r  u n i t  t r a n s f e r  
e f f i c i e n q y  is a t  abou t  t h e  practical I  i m i t  o f  abou t  96% The g e a r s  Iiive 
a  d e s i g n  l i f e  o f  abou t  100,000 hour s  

Th i s  a e r a t i o n  sy$tem may be employed f o r  complete-mix u n x t s  o r  f o r  plug-flow 
s i t u a t i o n s  which may u s e  e i t h e r  t ape red  a e r a t ~ o n  o r  t h e  incremental f eed  
t echn iques .  

( l i )  Kessener-Brush (TNO) a e r a t o r  s p i n s  abou t  on a  h o r i z o n t a l  a x i s .  The a e r a t o r  
be ing  a c y l i n d r i c a l  steel brush o p e r a t i n g  a t  abou t  70 r . p  m 

$ .  

F I G U R E  3 -- 

The oxygenat ion  c a p a c i t y  may a l s o  be v a r i e d  by a l t e r i n g  t h e  e x t e n t  o f  
t h e  brush immersion i n  t h e  mixed- l iquor .  Th i s  a e r a t i o n  system is  widely 
employed i n  o x i d a t i o n  d i t c h e s .  

( i i i )  The S h e f f i e l d  Bio-Aerat ion System 

The S h e f f i e l d  B i o - a e r a t i o n  sys tem of  padd le -ae ra t ion  i n  long  sha l low 
channe l s  shou ld  a l s o  be added t o  t h i s  s e c t i o n  f o r  comple teness  a l though  
i t  is  now o f  l i t t l e  more than  h i s t o r i c a l  ~ n t e r e s t .  T h i s  sys tem was an  
a t t e m p t  t o  s i m u l a t e  t h e  self-purification p r o c e s s e s  o f  r l v e r s  i n  a h i c h  
i t  was hoped t h a t  t h e  m a j o r i t y  of t he  r equ i r ed  oxygen would bo absorbed 
a t  t h e  ex tended a i r / w a t e r  i n t e r f a c e  o f  t h e  long ,  narrow chdrinels This  
e x p e c t a t i o n  was n e v e r  ach ieved  and t h e  padd le s  had t o  be modified t o  
c r e q t e  a  d e f i n i t e  s u r f a c e  a e r a t l o n  c f f o c t  

b  Dif fused-AI r P r o c e s s e s  

( 1 )  These r e l y  on t h e  d i f f u s i o n  o f  low-pressure  compressed a i r  i n  t h e  form of  
f i n e  bubl les i n t o  t h e  bottom o f  t h e  rt a c t i o n  tank  through ceraniic  a i r -  
d i f f u s e r s  The a v e r a g e  polc-s1r.c of  t h e  d ~ f f r l s e r s  is 150n1m ulilch x l l l  
c r c a l e  a i r - b u b b l e s  w i t h  a  d i a n ~ o t c ~ r  o f  2  0 t o  2 5 mm Tlie c l l f h l s r r s  '11e 
normal1 y  ~ o n s t r u c t e d  of, sil I ca a l~ t l  a lun~ll i l r l~n ox ide  h e l d  t o g c t l ~ c r  by 
a ceramic  h lndc r .  There 1s prcsr -n t ly  a move l o  i n t r o d u c e  nnn- rc t .~mlc  
poly thcne  d l  f f u s e r s  



I n  o r d e r  t o  p reven t  o v e r - e a r l y  b locklng  o f  t h e  f i n e  p o r e s  o f  t h e  d i f f u s e ~ s  
i t  is e s s e n t i a l  t h a t  t h e  a i r  s u p p l i e d  should  be l a r g e l y  f r e e  f ~ o m  d u s t  - 
p r e f e r a b l y  as l i t t l e  a s  3  6 mg/103m3 a i r .  The compressed a i r  is s u p p l l e d  
e i t h e r  by r o t a  y  p o s i t i v e  d i sp l acemen t  blowers f o r  sma l l  s u p p l i e s  ( u p  t o  5 abou t  17 ,000  m /hours)  o r  by c e n t r i f u g a l  blowers f o r  l a r g e r  s u p p l i e s .  The 
p r e s s u r e  to be overcome is t h e  sum o f  t h e  s t a t i c  head o f  t h e  x a t e r  and t h e  
back p r e s s u r e  c r e a t e d  by t h e  r e s i s t a n c e  o f  Jhe d i f f u s i o n .  The back p r e s s u r e  
from a  new dome may be as l i t t l e  a s  35 kg/m , r i s i n g  t o  pe rhaps  1 4 0  kg/m2 
f o r  a n  o l d e r  dome. 

The th roughput  o f  a i r  through each  176 IMI d i ame te r  d i f fuser -dome w i l l  vary  
from abou t  1 4  l i t r e s / m i n u t e  up  t o  58 l i t r e s / m i n  te, but  a  normal f low is  tt abou t  28 l i t r e s / s i n u t e .  Between 37 m3 and 74 m o f  a l r  w i l l  be requulred 
f o r  eve ry  kg o f  BOD removed. 

Porous p o l y e t h y l e n e  d i f f u s e r s  a r e  now be ing  p r e s e n t e d  on t h e  market .  The 
emphasis  w i t h  t h e s e  is on t h e  e a s e  o f  w i thd rawa l  f o r  c l e a n i n g  and o t h e r  
maintenance.  Of t en  t h e  a s s e m b l i e s  a r e  f i t t e d  w i t h  swive l  j o i n t s  t o  a l l o w  
t h e  complete r i g  t o  be winched c l e a r  o f  t h e  wa te r .  T h e s e d i f f u s e r s a r e  
washed i n  d e t e r g e n t  s o l u t i o n  o r  i n  d i l u t e  h y d r o c h l o r i c  a c i d  

\ r 

(11 )  Inka Type 

The Inka p r o c e s s  makes u s e  o f  c o a r s e  bubble s p a r g e r s  mounted abou t  600 nun 
below t h e  w a t e r  s u r f a c e .  The c o a r s e  bubb le s  a r e  i n  c o n t a c t  w i t h  t h e  
mixed- l iquor  f o r  o n l y  a very  l i m i t e d  p e r i o d  but  t h e  l a c k  o f  e f f i c i e n c y  
o f  oxygen t r a n s f e r  is l a r g e l y  coun te red  by t h e  u s e  of  s i m p l e r ,  more robus t  
a i r  blowers d e l i v e r i n g  a i r  a t  a  lower p r e s s u r e  than  could  be s u p p l i e d  t o  
a  conven t iona l  d i f f u s e d - a i r  p rocess .  The o r i f i c e s  a r e  25 mm d i a m e t e r  
and t h e  g r a t i n g s  s o  a r r a n g e d  a s  t o  d e v e l o p  a s p i r a l - f l o w  e f f e c t  i n  t h e  
channe l s .  

5. V a r i a t i o n  of  S ludge  Mass 

Mass -* 
I 

organ - 



I t  1s sugges ted  t h a t  wl~en was te-water  an a c t i v a t e d - s l u d g e  a r e  f i r s t  m~xc*d r' t o g e t h e r  t h e r e  is i n i t i a l l y  a l a g  p e r i o d  d u r i n g  which t h e  microorganisms 
a c c l i ~ n a t i s e  themselves  t o  $he new environment Following t h i s  t h e  
developrncnt of  t h e  mass - particularly a d s o r p t i o n  - p r o g r e s s e s  a t  a  g r c a t  
r a t e  ( the log -growth phase)  u n t i l  t h e  availability of  s u t > s t r a t e  bccones 
l i m i t i n g  ( d e c l i n i n g  and s t a t i o n a r y  phases )  Wlth a prolonged c o n t a c t  p ~ r i o d  
t h e  mlcroorganisms a r e  i o r c c d  t o  u s e  u p  r e s e r v e  food s o u r a s  w i t h i n  t h e i r  
own cells and a l s o  t o  m e t a b o l i s e  t h e  l y s e d  cell  c o n t e n t s  o f  a l r e a d y  dead 
c e l l s  r h i s  is t h e  endogenous phase an4 t h e  l o n g e r  t h i s  continues t h e  
s m a l l e r  w i l l  become t h e  mass of  a d d i t i o n a l  a ludge  c r e a t e d ;  a l t hough  t h e  
mass w i l l  neve r  r e t u r n  t o  t h a t  of  t h e  s l u d g e  b e f o r e  t h e  a d d i t i o n  o f  t h e  
waste-wa ter. 

The f a c t o r s  effecting production of  a c t i v a t e d - s l u d g e  have k e n  s t a t e d  a r e  

( 1 )  Adsorpt ion  or en t r a inmen t  of  biodegradable I n s o l u b l e  m a t t e r  and 
a d s o r p t i o n  of b iodegradab le  s o l u b l e  ma t t e r .  

( 2 )  Adsorpt ion  o r  en t r a inmen t  o f  i n e r t  suspended m a t t e r  and adsorption 
of i n e r t  s o l u b l e  m a t t e r  

(3) ''Conversion of s o l u b l e  and adsorbed i n s o l u b l e  d e g r a d a b l e  m a t t e r  
i n t o  b a c t e r i a l  cells 

( 4 )  I n g e s t i o n  of  b a c t e r i a  and p o s s i b l y  of o t h e r  suspended m a t t e r  by 
p ro tozoa  o r  o t h e r  p r e d a t o r s .  

( 5 )  Degradat ion  o f  m i c r o b i a l  cells by endogenous respiration. 

I t  h a s  a l s o  been sugges ted  (McKlnney) t h a t  d u r i n g  t h e  log-growth phase 

l .Okg B 0 . D  + 0 5kg O2 + c e l l s  ( a c t i v a t e d - s l u d g e )  

---3-0 7kg new c e l l s  + C02 + H20 

Then d u r i n g  and a f t e r  endogenous respiration 

0 7kg new cells + 0.75kg O2 + 0 17kg dead c e l l s  + C02 + H 2 0  + NH3 

Fol lowing t h i s  would then he a f u r t h e r  oxygen demand a s  t h e  ammonia is 
' o x i d i s e d  t o  n i t r a t e .  

6 Plug-Flow Systems 



I n  a  conven t iona l  a c t i v a t e d - s l u d g e  u n i t  t h c  mix tu re  o f  s l u d g e  and sewage i s  fed  
i n t o  one  end of  a  l o n g ,  nar row channe l  through which i t  f lows  w i t h  r e l a t i v e l y  l i t t l e  
l o n g i t u d i n a l  mixing u n t i l  t h e  m i x t u r e  of  now p u r i f i e d  e f f l u e n t  and a c t i v a t e d - s l u d g e  
i s  withdrawn a t  t h e  f a r  end.  Thus a  d i s c r e t e  volume o f  mixed- l iquor  f lows as a  
' p lug '  through t h e  channel .  

Plug-flow o f  t h i s  t y p e  l e a d s  t o  an  uneven oxygen demand a l o n g  t h e  l e n g t h  o f  t h e  
a e r a t i o n  channel  ( f i g u r e  5). T h i s  may be i n i t i a l l y  abou t  300 mg 1-I 11r-l~ d r o p p ~ n g  
t o  perhaps  80 mg 1-I h  a f t e r  30  minutes  t o  an  hour  and then  d e c r e a s i n g  s lowly  
t o  3 0  t o  40 mg 1-I h r - I  a f t e r  s e v e r a l  hour s  

Th i s  uneven demand f o r  oxygen is ~ o u n t e r e d  by e i t h e r  ' t a p e r i n g '  t h e  a i r  supp ly  
o r  by p r o v i d i n g  an  ' i n c r e m e n t a l  f e e d '  o f  sewage t o  t h e  u n i t  

Complete-mix, o r  homogenous, u n i t s  supply  t h e  mix tu re  of a c t i v a t e d - s l u d g e  and 
sewage a l o n g  t h e  whole wid th  o f  a  r e l a t i v e l y  broad and s h o r t  tank ,  t h e  e f f l u e n t  
and s l u d g e  be ing  withdrawn s i m i l a r l y  a l o n g  t h e  whole t ank  b read th  a t  t h e  f a r  end.  
In t h i s  manner t h e  mixed- l iquor  t e n d s  t o  be comple te ly  homogenous w i t h  n o  c o n c c n t r a t l o n  
p r o f i l e s  through t h e  u n i t .  

7. ~ a r a m d t e r s  o f  Act iva ted-Sludge  Opera t ion  

a  Volumetr ic  Loading  - T h i s  i s  t h e  mass of  BOD a p p l i e d  ger day t o  each  u n i t  
volume o f  a e r a t i o n  t ank  c a p a c i t y .  The u n l t s  a r e  Kg/m d  and t h e  l o a d i n g  w i l l  
va ry  from abou t  0 .4  u p  t o  1.0 o r  even ,  on o c c a s i o n ,  u p  t o  2  0. 

b. Mixed L iquor  Suspended S o l i d s  Concentr_ation M 1, S S. 

T h i s  is t h e  mass o f  a c t i v a t e d - s l u d g e  s o l i d s  p e r  u n i t  volume of  t h e  a e l a t i o n  
channel  and is s t a t e d  i n  terms of Kg/m3 E a r l y  p l a n t s  were o p e r a t e d  w i t h  
low c o n c e n t r a t i o n s  o f  pe rhaps  1 5 o r  2 .0  Kg/m3 bu t  t h e  modern t r e n d  i s  
towards  g r e a t e r  c o n c e n t r a t i o n s  which may r each  4.0,  5.0 o r  over 8.0 Kg/m 3 

Higher  c o n c e n t r a t i o n s  are l i m i t e d  by 

a. A i r  supp ly  
b. S e t t l e a b i l i t y  o f  s l u d g e  i n  f i n a l  t a n k s  
c, Re tu rn  s l u d g e  pumping c a p a c i t y  
d .  S i z e  of  f i n a l  t a n k s  

c. Sludge  Return  R a t i o  

The M.L S S l e v e l  i n  t h e  a e r a t i o n  channe l  i s  mainta ined  by r e t u r n i n g  
a c t i v a t e d - s l u d g e  from t h e  f i n a l  s e t t l i n g  tanks .  The r a t e  of  r e t u r n  depends 
upon 

a. t h e  c o n c e n t r a t i o n  o f  M L S  S. r e q u i r e d  
b. t h e  c o n d i t i o n  ( s c t f l e a b i l i t y )  o f  t h e  s l u d g e  

S.R.R. is u s u a l l y  e x p r e s s e d  a s  a  p e r ~ c h t a g e  of  t h e  d.w f .  t o  t h e  p l a n t  and 
is f r e q u e n t l y  abou t  100 

d .  S ludge  Volume 1- (Mohlmann) 

T h e S  V I is a  measure of  t h e  s e t t l e a b i l i t y  o f  t h e  s l u d g e  I t  i s  t h e  v o l t ~ a ~ c  
i h  ccs occupied  by l g  o f  d r y  s l u d g e  s o l i d s  a f t e r  s e t t l i n g  f o r  3 0  mlnu t r s .  

S  V I - S e t t l e d  - vdlume - - o f  S ludge  ( %  - a f t e r  30 m i n u t s )  
Suspr.nded S o l i d s  ( X )  



An S V I  o f  20 - 50 is good w h i l e  o v e r  1 5 0  i n d i ~ a l e s  a ' b u l k i n g  s l u d g e ' .  

The r e c i p r o c a l  o f  t h e  S . V . 1  , t h e  Dona ldson  S l u d g e  9 e n s i t y  I n d e x ,  is  
s o m e t i m e s  employed 

S.D.I. = 100 
S  v I. 

The d i s a d v a n t a g e s  o f  t h e  S.V I .  a r e  t l ~ a t  t h e  v a l u e s  v a r y  i n c o n s ~ s t e n t l y  w i t h  
t h e  c o n c e n t r a t i o n s  o f  t h e  s l u d g e  and t h a t  t h e y  d e l ~ c n d  upon t h e  r l i ~ ~ ~ ~ ~ n s ~ o n s  o f  
t h e  c o n t a i n e r .  T h e s e  d i s a d v a n t a g e s  have  I ~ c n  overcome by t h e  rlcvelopmcnt o f  
t h e  S t i r r e d  S p e c i f i c  Volume (ml/g)  which is l a r g e l y  i n d e p e n d e n t  o f  t h e  i n i t i a l  
sol ids c o n c e n t r a t i o n .  F o r  t h i s  l a t t e r  test t h e  s l u d g e  is  s l o w l y  s t i r r e d  (1 r p.m ) 
as i t  settles a n d  t h e  r e s u l t  is  a l w a y s  r e p o r t e d  f o r  a s l u d g e  c o n ~ e r ~ t r a t i o n  o f  
3.5 g / l .  

e. S l u d g e  L o a d i n g  F a c t o r  

The  S.L.F.  is t h e  Kg B O.D. a p p l i e d  f o r  e a c h  Kg o f  a c t i v a t e d - s l u d g e  i n  t h e  
p r o c e s s  e a c h  d a y  (Kg. B.0.D /Kg a c t i v a t e d - s l u d g e  d a y )  I t  is f r e q u e n t l y  
acceptebb t h a t  t h e  f o l l o w i n g  ra t ios  are a s s o c i a t e d  w i t h  t h e  s t a t e d  e f f l u e n t  
c o n d i t i o n  

S L.R. - 
0.05 to 0.1 e x  t c n d c d  a e r a t i  on 

0.3 n i t r i f i c a t i o n  o f  e f f l u e n t s  
0.4 90% to  95% B 0 D remova l  
0.5 90% B.0 D removal  

The S.L R is c l o s e l y  r e l a i e d  t o  t h e  Removal b e l o ~ l t y  ( q )  which  1s c m p l o j e d  
f r e q u e n t l y  i n  t h e  t h e o r e t i c a l  a o n s i d e r a t l o n s  o f  a c t l v a t e d - s l u d g e  o p e r a t i o n s  
Kg B O.D. removed/Kg cells d a y  

f  S l u d g e  Growth I n d e x  

T h i s  is t h e  mass  o f  s l u d g e  p r o d u c e d  p e r  u n i t  mass o f  B 0 D a p p l i e d  e a c h  d a y  

The S .G. I .  i 1 d e c r e a s e s  w i t h  r e t e n t i o n  time 
2. d e c r e a s e s  w i t h  I n c r e a s i n g  c o n c e n t r a t i o n  

o f  s l u d g e  u n d e r  a e r a t i o n  
3 l n c r c a s c s  w i t h  s c a a g p  s t r e n g t h  
4. v a r i e s  w i t h  l11e d i s s o l v c d - o x y g r n  ~ o n c c n l ~ n l l o r i  1 1 1  t l lc 

m i x e d - l i q u o r  I t  p a s s e s  t h r o u g h  a maximum a t  0 5 mg/l d  o a n d  t h e n  d e c l i n e s  
t o  1 0 to  1 5 mg/l,  a f t e r  which  i t  r c m a i n s  c o n s t a n t .  T h e r e  a re  two p r o p o s e d  
e m p i r i c a l  f o r m u l a e  f o r  c a l c u l a t i n g  the S  C I 

S . G . I .  = 0 2 t 0 25 

t r 1 
S G.I. = 0 21 Kg n 0 D /24 I ioors  - - ---- 

KgM L S S  

w h c r e  t r  - r e t o n t i o n  p e r i o d  In ihc ac r a i l o n  c l ~ - i n ~ ~ c l s .  Aga in ,  t l ~ c  S C I 

is c l o s e l y  r e l a t e d  t o  t h e  Yield Corffi~ l e n t  0 )  u l l l r h  1s Kg ~ ~ 1 1 s  p~l ,dr lccr l /  
Kg o f  B 0 D removed d a y .  The p ror luc t  o f  t l ~ c  Rcmoval Velocit) (1) dnd t h e  
Y i e l d  Coefficient ( Y )  g i v e s  tflc s l r l d g r  G l o x l h  R d t e  ( u )  



g  s l u d g e  Age 

The s l u d g e  Age is a  measure of  t h e  r e s i d e n c e  t i m e  ( i n  d a y s )  o f  t h e  a c t i v a t c d -  
s l u d g e  i n  t h e  system. T h i s  a g e  v a r i e s  from abou t  2 days  i n  h i g h - r a t e  p l a n t s  
to more than  3 0  d a y s  I n  ex tended-ae ra t ion  p l a n t s  

S ludge  Age = Mass of  Activated-Sludge p r e s e n t  
Mass l o s t  d a i l y  ( S u r p l u s  s l u d g e  and I n  e f f l u e n t )  

T r a d i t i o n a l l y  i t  h a s  been a c c e p t e d  t h a t  n i t r i f i c a t ~ o n  i n  t h e  ac t iva tcd-s ludf :e  
p r o c e s s  was i m p o s s i b l e  - o r  ex t remely  d i f f i c u l t .  T h i s  i s  n o t  s o  However, 
t h e  f a c t o r s  t h a t  can l e a d  t o  d i f f i c u l t y  i n  n i t r i f i c a t i o n  are: 

( 1 )  t h e  p re sence  of  i n h i b i t i n g  s u b s t a n c e s  i n  t h e  sewage 
(11 )  a  t empera tu re  of  less than  ~ O O C  

( i l l )  a  low M.L S S. c o n c e n t r a t i o n  
( i v )  a  young s l u d g e  a g e  

The n i t r i f y i n g  b a c t e r i a  (Nitrosomonas and N i t r o b a c t e r )  r ep roduce  a t  a  f a r  
s lower  r a t e  than  t h e  m a j o r i t y  of  t h e  h e t e r o t r o p h i c  m i c p o r g a n i s m s  i n  t h e  
s l u d g e  and f o r  t h i s  r ea son  an  advanced s l u d g e  age  i s  e s s e n t i a l  f o r  t h e  
o x i d a t i o n  of  t h e  ammonia i n  t h e  sewage I t  can be shown t h a t  i f  t h e  n i t r i f y i n g  
organisms i n  t h e  s l u d g e  r e t u r n e d  t o  t h e  a e r a t i o n  channe l s  is e q u a l  t o  t h a t  l o s t  
i n  t h e  e f f l u e n t  then  t h e  condition f o r  a s i g n i f i c a n t  d e g r e e  o f  n i t r i f % c a t l a n  
is g iven  by 

where CNo - c o n c e n t r a t l o n  o f  n i t r i f y i n g  b a c t e r i a  a t  t h e  o u t l e t  t o  t h e  a e r a t i o n  
channel  
CN1 - c o n c e n t r a t i o n  o f  n i t r i f y i n g  b a c t e r i a  a t  t h e  i n l e t  t o  t h e  p rocess  

S  - M L S S. c o n c e n t r a t i o n  a t  i n l e t  t o  a e r a t i o n  channel ;  &4 - i n c r e a s e  i n  
c o n c e n t r a t i o n  o f  M.L.S.S. ach ieved  d u r i n g  p u r i f i ~ a t i o n  p r o c e s s .  

Hence, i f  n i t r i f i c a t i o n  i s  r e q u i r e d  i n  an a c t i v a t e d - s l u d g e  p l a n t  i t  is  
e s s e n t i a l  t o  minimise t h e  growth o f  t h e  s l u d g e  mass by movrng t h e  p r o c e s s  
i n t o  t h e  endogenous phase  by 

( 1 )  r a l s i n g  t h e  c o n c e n t r a t i o n  o f  t h e  M.L S S. 
'and (11 )  e x t e n d i n g  t h e  p e r i o d  of  a e r a t i o n  

The c o n c e n t r a t l o n  of  n i t r i f y i n g  bac ter ia ;  w i l l  neve r  be h l g h  bu t  w i l l  have a  
maximum .of abou t  50  mg/l which r e p r e s e n t s  abou t  2 x  1-0' c e l l s  p e r  m i l l i l i t r e  

Any i n c r e a s e  i n  t empera tu re  from ~ O C  t o  2 5 O ~  g r e a t l y  improves t h e  r a t e  of 
n l t r i f i ~ a t i o n  The r a t e  may double  between IOOC and 20°c 



There a r e  two t y p e s  o f  d e n i t r i f i c a t i o n  p r o c e s s  

A s s i m i l a t i v e  r c d u c t i o n  
R e s p i r a t o r y  r e d u c t i o n  

A s s i m i l a t i v e  r e d u c t i o n  is t h e  r c d u c t i o n  of  n i t r a t e  and n i t r i t e  t o  ammonia and 
i ts  consequent  involvement i n  a n a l ~ o l  i c  c e l l  metabolism. R e s p i r a t o r y  r r d u ~ t ~  on 
( t r u e  d e n i t r i f i c a t i o n )  i s  brought  about by f a c u l t a t i v e  b a c t e r i a ,  u s u a l l y  i n  
t h e  absence  o f  d isso lved-oxygen With no d  o  a v a i l a b l e  f o r  ttlc metahol L L  

p r o c e s s e s  t h e  b a c t e r i a  t u r n  t o  t h e  c h e ~ ~ ~ i c a l l y  bound oxygen i n  t'le n i t r a t e  
Th i s  i s  reduced f i r s t  t o  n i t r i t e  and then  to gaseous  n i t r o g e n  i n  wh ic t~  form i t  
is  u s u a l l y  evolved .  

I n  t h e  a c t i v a t e d - s l u d g e  p r o c e s s  d e n i t r l f i c a t i o n  is ach ieved  u s i n g  one of  two 
t echn iques .  

a .  The s e p a r a t e  form 

In  t h l s  t echn ique  t h e  normal a c t i v a t e d - s l u d g e  p r o c e s s e s  o f  carbonaceous 
o x i d a t i o n  and n i t r i f i c a t i o n  a r e  f o l l o w t ~ d  by a  secondary  a c t i v a t e d - s l u d g e  
p rocess ,  complete w i t h  i t s  own s l u d g e  and s l u d g e  r e c i r c u l a t x o n  sys tem In 
t h e  secondary  mixed- l iquor  channe l s  t h e  normal p r o c e s s e s  of  a e r a t i o n  a r e  
n e g l e c t e d  s o  t h a t  t h e  d isso lved-oxygen c o n t e n t  of  t h e  l l q u o r  is n e g l i g l h l e  
Suspens ion  of  t h e  mixed-l iquor s o l i d s  is mainta ined  e i t h e r  by lnininral a e r a t i o n  
o r  by mechanical  padd le s  With t h e  d  o  o f  t h e  mixed-l iquor k i n g  n e g l i g i b l e  
d e n i t r i f i c a t i o n  o c c u r s  and n i t r o g e n  is  evolved  a s  a  g a s  In  o r d e r  t o  
s t i m u l a t e  t h e  f a c u l t a t i v e  d e n i t r i f y i n g  b a c t e r i a  i n  t h e  p re sence  of  a n  a l r c a d ~  
p u r i f i e d  e f f l u e n t  i t  is n e c e s s a r y  t o  add a n  e a s i l y  a s s i m i l a b l e  s u b s t r a t e  such 
a s  methanol. By t h i s  t echn ique  a s  much a s  95% t o  98% o f  t h e  n i t r a t e  p ~ c s e n t  
i n  t h e  e f f l u e n t  from t h e  primary a c t i ~ a t e d - s l u d g e  u n i t  can be ren~oked In  some 
s i t u a t i o n s  i t  i s  sugges t ed  t h a t  a  t h r e e - s t a g e  a c t i v a t e d  s l u d g e  p rocess  be 
employed - carbonaceous  o x i d a t i o n ,  n i t r i f i c a t i o n  and d e n i t r i f l c a t i o n .  

b  I n t e g r a t e d  System 

k i t h  t h i s  sys tem t h e  e a r l y  s e c t i o n  of  t h e  a e r a t i o n  channel  i s  mainta ined  
wi thou t  a e r a t i o n ,  merely employing mechanical  padd le s  t o  suspend t h e  mixed- 
l i q u o r  s o l i d s .  Fol lowing t h i s  a n o x i c  s e c t i o n  t h e  remainder of  t h e  channel  
c a p a c i t y  is  o p e r a t e d  t o  g i v e  f u l l  carbonaceous  o x i d a t i o n  and f u l l  n i t r ~ f i c a t l o n  
The e f f l u e n t  is t h e r e f o r e  w e l l  n i t r i f i e d  but  a s  t h e  r a t i o  of  a c t i v a t e d - s l u d g e  
t o  waste-water  f low is m a i n t a l n ~ d  a t  abou t  1 1, 50% o f  t h e  formed n i t r a t e  is  
c a r r i e d  back w i t h  t h e  re -cycled  s l u d g e  A s  t h i s  s l u d g e  is mixcd w i t h  f r e5h  
s e t t l e d  sewage i n  t h e  a n o x i c  s c c t i o n  o f  t h e  mixed-l i q u o r  channel  t h e  h a c t e r l a  
employ t h e  combined oxygen of t h e  n i t r a t e  i n  l h e l r  d e s p e r a t e  s r a r c h  for 
a v a i l a b l e  oxygen. The r e s u l t  is  a  l o s s  o f  about  50% o f  t h e  n i t r a t e  procluccd 
and no  a d d i t i o n a l  s u b s t r a t e  is r e q u i r b d  due  t o  tlle p re sence  o f  an c x ~ c s s  of  
s e t t l e d  sewage. 
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EXTENDED AERATION AND OXIDATION DITCHES 

1. Oefinition 

Extended aeration IS a low rate activated sludge system whlch ope- 

rates in the endogenous resprration phase. I t  may be seen from 

Figure 1 that  low rate systems (extended aeration) are characterised 

b y  a low F/M rat io of about 0 05, a sludge age o f  20-30 days and 

surplus activated sludge production rates o f  0.6 kgs DS/kgs BOD 

removed (N.9 where no pr lmary settlement is  provided total sludge 

production rates are in the order  o f  0 9-1 4 kgs DS/kgs BOD 

removed) The h y d r a u l ~ c  re ten t~on  per~od,  based on the  average 

incoming waste water flow, IS usually between 1 and 2 days 

2 Applrcations 

Oxidation ditches are the usual form o f  extended aeration systems and 

were developed to  provide simple waste water treatment plus some 

aerobic sludge stabillsation. Since the i r  development in  about 1953 

dltches have found wide application, par t icu lar ly  in Europe, especrally 

Holland. I n  the UK they have been app l~ed  to  t reat  a var iety of 

municipal and industr ial  wastes. 

The 

0 

pr incipal advantages o f  drtch systems include. 

pr imary settlement is not  essential (dependent upon economrcs o f  

sludge treatment and disposal) 

some aerobic stabilrsatron of sludge occurs 

total sludge production IS reduced (due to  endogenous respira- 

t ion) 

relatlve simplicity o f  operation 

some system for  small works do not  requrre separate secondary 

settlement tanks 

raprd di lut ion of incoming shock loads 

ni tr i f icat ion and denltr i f icat ion is  ppssible in one tank. 

The disadvantages rnclude: 

o h ~ g h  energy consumption 

o reasonable level operator skill essential 



O x ~ d a t ~ o n  d ~ t c h e s  are general ly regarded as completely m ~ x e d  systems, 

w l th  over  100 tu rnovers  In one res~dence  t ~ m e  o f  about a day  

However, shor t  term analyses (< 15 mlns) o f  t h e  system w ~ l l  observe 

a plug-f low reglme 

3 C o n f ~ g u r a t ~ o n s  

A var le ty  o f  c o n f ~ g u r a t ~ o n s  o f  extended ae ra t~on  systems and o x ~ d a t ~ o n  

d ~ t c h e s  IS poss~b le  F ~ g u r e  2 shows a concrete t ank  version w ~ t h  a shor t  

ae ra t~on  channel Other  c o n f ~ g u r a t ~ o n s  are shown in F ~ g u r e  3, and 

mater~a ls  f o r  d ~ t c h  l ~ n ~ n g  have Included 

o g u n ~ t e  

o precast concrete slabs o r  planks 

o f e n c ~ n g  mater~a ls  

o stone 

o b u t y l  s h e e t ~ n g  

o s t a b ~ l ~ s e d  ear th  

The  types  o f  aerator used depends o n  t h e  depth and ae ra t~on  c a p a c ~ t y  

r e q u ~ r e d  B r u s h  ae ra t~on  d e v ~ c e s  have large ly  been superseded b y  

the  cage ro to rs  o r  mammoth ro to rs  shown In F ~ g u r e  4 Cage ro to rs  

are used f o r  1-2 m depths w h ~ l e  mammoth ro to rs  can be used f o r  up 

to  4 m depth The  oxygenat lon capactty o f  ro to rs  IS In t h e  o rde r  

6 k g  02/m hr in clean water under  s tandard condr t~ons  T y p ~ c a l  

lmmerslons are around 200 mm and t he  speed o f  r o t a t ~ o n  about 

70 rpm 

4 D e s ~ g n  o f  A e r a t ~ o n  T a n k  o r  D ~ t c h  

The  p r ~ n c ~ p a l  d e s ~ g n  parameters f o r  ox~da t ron  d ~ t c h e s  and extended 

ae ra t~on  a c t ~ v a t e d  sludge systems are as follows' 

0 F/M rat lo,  organlc l o a d ~ n g  factor  

o f  s ludge l o a d ~ n g  ra te  0 05-0 10 k g / k g d  

o M ~ x e d  l ~ q u o r  suspended sollds (MLSS) 3.0-5 0 kg/m3 

o Reten t~on  p e r ~ o d  based on unt reated 

average ~ n f l o w  ra te  

o Vo lumet r~c  BOD l o a d ~ n g  

24-36 h r s  

0 2-0 4 kgs/m3d 

o Sludge age o r  mean cell res~dence  t ~ m e  20-30 days 

o Surp lus  a c t ~ v a t e d  p r o d u c t ~ o n  ra te  0 6 kgs  DS/kg BOD 
removed 



o Oxygen requ~rements 2-3 kgs 02/kg BOD 
applred 

o Energy rnput fo r  m ~ x i n g  15-20 W/mJ 

o D~ssolved oxygen concentratlon In MLSS f 2 mg/l 

Where pr imary settlement IS used p r lo r  t o  o x ~ d a t ~ o n  d i tch treatment IS 

IS reasonable to  assume 40 percent o f  the BOD organlc load IS re-  

moved 

The total oxygen requrrement IS a f u n c t ~ o n  of: 

o the mass of carbonaceous BOD removal per  day 

o the  mass of ammon~a-nitrogen removed per day 

o the endogenous resp~ra t lon  o f  the MLSS (temperature dependent) 

o the  degree o f  in- tank den i t r~ f~ca t ron  

JOHNSONE and CARMICHAEL (1980) quote the fo l low~ng equation fo r  

the oxygen requirements 

kg02/d = a XI + 6X2 - cX3 + 0 024 V M.R 201 07 (t-2) 

where a = emprr~cal constant 1 

b = 0 95 sto~chrometric constant f o r  n r t r ~ f ~ c a t r o n  = 4 34 

c = 0 95 sto~chlometric constant fo r  den~trrcatron = 2 71 

XI = carbonaceous BOD removed per  day (kg/d) 

X2 = ammon~acal nl trogen removed per day (kg/d) 

X3 = mass o f  n ~ t r a t e  d e n l t r ~ f i e d  per  day (kg/d) 

V = aerat~on tank volume (m3) 

M = concentratlon o f  MLSS (kgs/m3) 

R = endogenous resprratlon rqte of t he  MLSS at  20% = 3 9 

(mg02/g sludge hr) 

T = tempreature (OC) 

I n  calculat~ng the oxygenatlon capaclty requlred under the actual slte 

condrt~ons ~t IS necessary to  adjust tha t  calculated under standard 

condrt~ons to  those per tarn~ng at  the proposed location. 

The OXYgenatlOn capaclty (kg02/mJh) must be adjusted for 

o the d~ssolved oxygen satura t~on concentratlon adjusted fo r  tem- 

perature and pressure (a l t~ tude)  

o the required dissolved oxygen In the m ~ x e d  l iquor 



o t h e  a factor  - t o  account f o r  t h e  d l f ference between t he  oxygen 

mass-transfer coeff lc lent In clean water and waste water 

o t h e  p fac tor  - t o  account f o r  t h e  d l f ference between t he  d ls-  

solved oxygen saturation concentration In clean and  waste water 

(NOTE see notes of  aeratlon theory)  

5 Secondary Settlement Tanks  

The  ef f lc lent performance of  t h e  secondary settlement t ank  ( f o r  those 

la rger  systems whlch requ i re  them) IS absolutely essential t o  t he  

process Inadequate sett lement w ~ l l  lead to an l n a b l l ~ t y  t o  achieve the 

deslgn level mlxed l lquor  suspended s o l ~ d s  and a consequentlal reduc-  

t ion  In treatment Poor settlement t a n k  performance also leads t o  

suspended sollds be lng carr led-over  w l t h  t h e  e f f luen t  and  t h l s  will 

almost certainly resul ts  In an  exceedance o f  t h e  requ l red  discharge 

standard 

The  performance o f  t h e  secondary settlement t ank  IS a funct lon o f  

o t he  surface sollds loadlng ra te  (kgs/m2 h) 

o t he  sludge sett leabl l l ty,  SSVl 

o t he  under f low ra te  o r  r a te  o f  s ludge withdrawal, typically 0 5- 

1 0  DWF (m3/mz h )  

Tradl t lonal  deslgns have re l led upon emplrlcal values o f  t h e  hydraulic 

surface loadlng ra te  (m3/mZd) o r  upf low-rate typrcal  f l gu res  be lng In 

the  o rder  40-50 m3/m2d a t  peak f low rate,  lnc lud lng t he  re tu rned  

activated sludge f low Improved appllcatron o f  h lndered set t l lng 

theory  have led t o  Improved deslgn approaches accounting f o r  t h e  

pr lncrpal  lnf luent la l  fac tors  l ls ted above, DICK (19721, WHITE (1980 & 

1975) 



Figure 1 - General cha rac te r~s t~cs  o f  acttvated sludge systems 

F/M, sludge age, eff lc lenty and sludge production 

2 - Concrete extended aeratlon tank 

3 - Var~ous d i tch conflguratlons 

4 - Cage and mammoth rotors 
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sl iouid :<.' f a ~ l l l t a t c d  a s  much a s  1s 11oss lh le  The n c r o b l c  l a y e r  which p r c f c ~ a b l y  
5hould l n c l u d c  most of  t h e  w a t e r  tlcpth i n  t h c  pond r o c c l v c s  a b iodoyrddablc  
o. ; m l c  load  

a  from t h e  n o n - s e t t l c d b l c  port1011 of i h c  pollution I n  t h e  lnconllng wdstcwaier  

b  f iom t h e  s:lidgc l a j c r  In  tile f o ~  In of s o l u b l e  org . in lc  a c l d s  and a l c o l ~ o l s  
d s  t l  e  re5illt of p , i r t l n l  ,iliacl 0111 c  t i l~ : c~ , t l on  

0 y ):cn _ cu-r>z 5 -- 
O>ygen i s  obv lous ly  c s s e n t l a l  t o  t h e  oppr'tt lon of  i h i s  l a y e r ,  and ~t IS r e c c l v e d  
from two s o u r c e s  

a .  :he d l r c c t  a b s o r p t l o n  o f  a t rnos ,>hrr lc  oiyyen through t h e  e x i e n s l v c  air/ 
ucrrtcr I n t e r f a c e  of t h e  sha l low pond and 

11 t h c  p h o t o s y n t h e t l ~ a l i y  produccd oxyKen r c s u l t l n g  from t h e  a c t i v l t y  of  
t h e  massas of a l g a e  t h a t  i n v a r l a l ~ l y  appea r  In pclnds I n  which c o n d l t ~ o n s ,  
11 t h e  folm of  a v a l l a b l e  nutrients (phospha te s ,  n l i r a t c s  e t c )  and l n i e n s l v e  
s o l a r  r a d l a t l o l ,  favour  t h o l r  dcvelopmcnt 

]:cavy bloopi$ of  a l g a e  a r e  capab le  of  p h o t o s y n t h e t l c a l l y  producing l a r g e  q u a r l t i t l c s  
of  oxygen I n  r c sponse  t o  s u n l i g h t  During t h e  hours  o f  d a y l l g h t ,  and ] ) a ' t l c u l n r l y  
I n  t h e  e a r l y  a f t e r n o o n ,  t h e  pond w d t c r  may be h e a v i l y  super-sa tura ted  u l i h  
dl , iolved-oxygen T h l s  phenomclion nas  l ed  v a r l o u s  workers  t o  consldc-r t h a t  tlic 
.1..1- a r e  d l l - l l ~ p o . t a n t  ;n pond o p c l a t ~ o n  d n f o r i u n a t e l y  a l g d e  a l e  n o t  only  
an  l \ s e , ,  a, . l i c l ~  p r o d , ~ ~ t l o r l  o l  oxgpcn suggests, but  <Ire a l s o  a l i a b l l l t y  In  
t 5 e  pond A s  a n  d d j u n c t  t o  p h o t o s y n t h c ~ l c  a c t l o n  t h c  producLion of  ox)&cn i s  
p a l n l l c l e d  b{ a l l se  I n  tlie plI o f  t i e  n.rtcr a s  4 r c s u l t  of  t h e  a l g a e  cinplo\ ing 
~ h c  C02/HC03 /cog1' complex as  t h c l r  s o u l c e  of c e l l u l a r  carbon.  Tn l s  r c l ~ ~ o v c s  
I I I L  n a r i ~ r ~ t l  ~ ~ u f f c r l n g  from t h e  a a t e r  and Iicnce the  r l s e  I n  pH cannot  bc prc\cntc,d 
1 1 i ~ : l i  p l l ' s  cannot  be conducive t o  e f f c c t l v e  o p e r d t i o n  by t h e  a e r o b i c  mlcroorg.lnl>lns 
p ~ ~ s c ~ i t .  I n  a d d i t l o n  ~ ~ h o t o s y r ~ ~ l ~ e s l s  can olily o p e r a t e  d u r l n g  d a y l l g h t  and must 
cc-isc when t h e  sun  d l s d p p c n r s  Uurlng t h e  night n o t  o n l y a r e  t h e  a l g a e  n o t  
producing  oxygen bu t  they  a r c  consuming 11 as  t h e ~ r  r e s p l r a t l o n  continues. Althotigh 
tlic r a t e  o f  romoval of d l s s o l ~ e d - o x ) g c n  by t n l s  continued r e s p l r a t l o n  1s only a t  a 
f r d c t l o n  of  t h e  r a t e  a t  which ohygen I s  p ~ o d u c c d  p h o t o s y n t h e t l c a l l y  d u r l n g  t h e  
day  t h e  a b l l l t y  o f  r a t e r  t o  s t o r e  oxygen 1s very  limited and t h e  demand by a  
high c o n c e n t r a t i o n  of  a l g a e  can bc n lgh  A s  a  r c s u l t  a l l  a v a l l a b l e  oxygen r a n  
be s t r l p p e d  from t h e  pond wa tc r  d u r i n g  t h e  n l g h t  l e a v l n g  most of  t h e  pond d e p t h  
a n o x l c  and devold  of  a c r o b l c  h i o l o g ~ c d l  n c t i o n  

Ttlc d l r c c t  a b s o r p t l o n  of atmosph;-rlc oxgyen till-ough t h e  ex tens ive  s i r r facc  of  
t l i ~  ponds 1s obv lous ly  d l , o  of !;,cat ~ ~ f l p o l t a n c c  and t h l s  mcchanlsm is  l i t t l e  
a f f c ~ t e d  by t h e  t lmc o f  ddy o r  n l g h t  Anytlling t h a t  can be done t o  I n c r e a s e  
t h l s  e f I c c t  must bc done Thls  n ~ i ~ s t  l n ~ l i 1 4 c  nlahlng tlic maximum p o s s l b l e  u so  
of  dny  wlnd both t o  cahtend t h e  s u r f a c e  drca by moans of  developed u tvcs and a150 
L O  i .n_;ule t h a t  t h e  n c a r  onox1 c  a a i e r  dct'p i n  t h c  porid i s  broilght r c g ~ ~ l a r l y  t o  
t n e  s u r f a c e  f o r  r c - a e r a t l o n  
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INTRODUCTION Rlver QuPUty 
Tbs paper attempts lo bnng together the many cons~derauons neces- A typtcal recommended standard for the quabty of nver water for use 

sary for the successful des~gn d wasle aabl~zatron ponds Desrgn as a potable source lo begwen normal walatreament ts Oven a Table I 
methods for gnnerobtc, facultaltve and maturauon ponds topether w~th These figures may be wmpared wuh the World Health Orgamzntlon 
aerated lagoons arc d~uussed. tnclud~ng the f ac~ l l t~ s  destgn standards for dnnklng water summanzed rn Table 2 

A knowledge of the exlsung water qualtty a esmtlal to (hc eslnb- 
DESIGN CONSIDERATIONS 

The eeneral desrgn cons~derat~ons for a scheme unng waste stab~llza- 
uon ponds rnclude the usual lnvesbgataons requlred for any method of 
scuagr treatment However. the fdlowng factors are suggested as 
be~ng psrtrularly relcvant to the cho~ce of type and dewgn of waste 
strblrzsl~on ponds In trop~cal and semctropd cl~mrales 

The effluent d~sposal mute IS a fundamental factor tn the chace of 
any twatment method 

Where a per~nllld nver IS In the proxlmlly ofthe polluuon source th~s 
a eenelally the prefemd drrposal mute as lhe self-punfierum capaaly 
of the nver may be ullllzed In addruon lo the bas% dtluum avulable 

D~spowl lo land unmbon may pmve to be both a useful allernal~ve 
avad~ng long fluad tnnspon &stances and also prov~d~ng tncreased 
crop ytelds due to regular IWI@KW However. th~re  are many factors 
uh~ch must be analysal pnor to emtnrkmg on an emuent ungatlon 
scheme these be~ng pnnapally 

-saI~mty 
--exchangeabk d ~ u m  percentage 
-d lum abrapt~on ratto 
-chcm~cal conlenl of etnucnt 
-sal p e m h l ~ t y  
-so11 drunage 
-esrablished unqatmn methods. b any 
-type of cmp 
-storage rcquvcmnts 
-allernal~ve disposal rwte 

Efflwnl dlswral to the subrorl by artlfiaal recharee can Dmve viable 
where an aqulierof su~ts#e characiensucs o u t c r o p k r  tk surface It 
IS necessaw to malnlam a bw sus~cnded mbds content In the rechpm 
water to .;ad MOC- ~ f t h e  aqiulfer. th~s may seiuevcd by ~tmig 
the aqulfer tnterface mth a graded layer of und and gravel 

Whuc the climate IS sufIiuenlly and tha cmucnt may be dtsposedof 
by a combtnal~on of evaporatm and percdaclon 

In most Instances the only vtable mule for rff)usnl dlsporpl IS to a 
nearby perennlal water-course 

T h m  arc many possible uses for river water lncludlng 
-trngatlon 
-wastewater disposal 
--commerclp( fishng 
-b;rthnp 
--eommcrcul Vsnspor( 
-pleasure k b n g  
-1andscapmer walks 
--dnnssuc water supply 
-1ndustna1 uses 
+nghng 

For example. In a recent case conr~dered the uses of the nver water 
were ~denttficd as 

dC431aSbc water source 
4 e c o m c a ~ o n  of a 1 4  
-1rngauon 

There water nghls formed the b s ~ s  la the spec8cauoo d mr 
uater qual11y requtrrmcnn In many dcwloping countries unbrated 
nver waterts used fordomest~c purposes and 11 1s necessary toenabl~ch 
chemcal and b a c t m o b ~ d  standards wth 1111s fwt an nund 

ltshment of n a l ~ s t r  standnrdsas m many mslanccs In devdop~ngcoun- 
tnes the nver water may be concammated already In these clrwms- 
lances ~t would be better from an overaU economlc vlewpolnt lo Invest 
In a water tnatment faal~ty for the affected population us~ng the cap- 
Lal savrng resulttng from a works deugned to acheve a lower treated 
effluent standard 

Rlva LQW F h s  
For the deternunation of sutlable cftluenl standards an theabsence of 

any general legJshbon, the low flow nver conltron must be establ~shcd 
for a mven return penod of say once In five years The bw flow 10 be 
cons~dered may be the mepnmonthly. weekly or duly nummum Where 
pmr rewrds exlst~t may be poswble to 1n-611 the data by flow slmula- 
bon methods Where no mfamauon exlsls flow gwsng wer a short 
tenn coupled wth general rnformatlon obmned from the local ~nhab- 
[ants 16 the last resat 

Algal Toxk Tolerances 
Algae are essenbal to the operatton d waste stabbzatmn ponds and rt 

IS adv~sable to check the levels of substances such as copper and cdd 
mum wh~ch arc alg~~ldal at low concentrauons The LC 50 of copper 
f a  algae IS quoled as between 0 02 and 2 mg/lr and cadm~um has been 
found to tnh~bt algae p w t h  slgmficanuy at wneentratlons as low as 
0 Mb m f l  Other lox= substances cffectrng a 50 per cent chlaophyll 
reduct~on are glven by Gloynd 

DcWb of Idwhirs  
Estabhshrng the pmbable flows of efflwnt from ~ndustnal premlses 

can be d115wlt. as although most ~ndustnal~sls arc In favour dpollut~on 
control measures they arc &en reluclant to &vulge spccrfic mfonna 
tlon whch may rncrsarc lhur prc-tnhnenl requirements Therefore all 
projeded f luen t  flows and constnuems must be compared w~lh prr- 
vrous experience and should be hsed on a knowledge of 

--produQ productton 
-the number of workers 
-the number of shd\s per day 
-the factory processes and f luent  sources 
-saasonal effects 
--cleaning methods 
--product waslung methods 
-peak flow rates 
-&%re-treatment f a c ~ l t t ~ s  and balancing 

Nutrient Ballllfc 
The pnnc~pal nutrients requtred for bolog~cal growth are carbon. 

nttmgcn and phosphorus and the essenllal nltm of BOD N P are 
generally 100 5 1 The usual conlenl d p r d y  domert~c sewage 1s 
about 350 m#l BOD, 125 mdl avulable carbon, 40 mg/l of N and 
I I mgil ofP as reported by O6wW Oswald also reporls that nnrogcn 
ofien has been found to be the llmlbng factor for algal growth w~th 
essent~slly no gowth occurring below 0 3 m&4 of mrrogen. whereas a 
maxlmum specfie growth rate for Chlorclla was observed at a bnck- 
ground phosphate level of 0 05 men 

Envirm~l~abl  Pacton 
The chme d l h e  type of pond and lhc locabon should be made In the 

W t l m  possrble adverse environmental Impacts of such factors as 
odwr. mosqutto braedtng. schrstosonuas~s (b~lharzm). mdent brecdlng. 
flas. nolse, etc Odour problems onen anse from (he use of anaeroble 
ponds slthw#~ t h r  can be sllevlsted to some extem by recuculpt~on. 



reductng the areal loadlngs or pH elevauonJ Mosqu~to problems have 
k e n  shown to be. countered by regular pond malntcnance to restnct 
weed growth' In particular this also asusts In the control of 
sch~stosom~asrs~ 

TABLE 1 

Standards for River Water Quality for P&bk Use given Normal 
Trrnhrmt 

Colour Llmtung value 300 Hazcn unlts 
Prefrrred level Max level 

w1 mgn 

Total dtssolved sollds 500 1500 
Iron 0 5 5 
Manganese 

(assuming ammonta 0 5 mgn) 1 0  5 
Copper 1 0  I S  
Zrnc 5 15 
Magnesium plus sodtum sulphate 500 loo0 
Detergents ABS - 1 0  
N~trate as NO, 45 
Fluonde I 5  
Phenoltc compounds - 0 002 
Arxntc - 0 05 
Cadm~um - 0 Ol 
Chrormum - 0 05 
Cyantde - 0 20 
Lead - 0 10 
Selenrum - 0 01 

mdl 
Chemrcal oxygen demand (COD) 10 
Btochem~cal oxygen demand (BOD) 6 
Total nttrogen excludrng nttrate 1 
Ammonta 0 5 
Orgaruc poUutants 0 5 
Grease I 
Collforms MPNI100 ml 

for d~stnfect~on onlv &I0 
for conventtonal t&unent 

of coanulauon. fihratton 
and dt~rnfcctton 50- 5 000 

for extenstve treatment 5 WL50 000 
to be avo~ded > 50 CJo 

The specfic des~gn factors requrred for the vanous desrgn methods 
Include 

-amb~ent IemperaNre 
-altttude 
-wind velooty and drrectlon 
-solar rad~atton 
--cloud cover 
-strength of raw wastewater 
-water temperature 

DESIGN METHODS ANAEROBIC PONDS 
The commonly used cnterla for the destgn of anaerobrc ponds are 
-surface loadrng of BOD I f J l M o O O  kg BODlha d5 
-retentton 2-5 dayss 
-volumetric loading of BOD 0 19-0 24 4 BOD/m3 d* 
-depth 3-5 m 

The prrnclpal rcqutrements for successful operauon are 
-cxcluston of toxic and tnhtbttory substances 
-approxtmately continuous loadrng 
-temperature rn excess of 2OOC 
-adequate mlxlng 

Addlt~onal factors whtch may requlre monltonng are 
-volatile actd concentratton 
-alkalmtty 
-pH range 6-8 
-0xtdauon-reducuon ~otentlal (ORPI . . 
In add~ t~on  to the destpn cntena above emptncal relatmnslups have 

k e n  developed Vtncent et all0 gvc  the followng relatlonshtp 

TABLE 2 
Drinkrng Waler Standads World Health Ugnustio. 1971 

Charactensttc U ~ t s  Preferred Maxtmum 

Colour Wazen 5 50 
Turb~dtty Umts 5 25 
T O ~ ~ I  S O I I ~ S  mp/l 500 ISOO 
pH - 7 0 4 5  65-92 
Anlonlc detergents mdl 0 2 1 0  
Mineral 011 mgll 0 01 0 3 
Phenol~c compounds m d  0001 0002 
Total hardness mgil C a C a  100 500 
Calc~um m%l 75 200 
c h l ~ n d e  mgn ?oo 600 
Copper m u  Cu o 05 1 5  
Iron rngA Fe 0 I 1 0  
Fluor~de W n F  - 0 8-1 7 
Magnestum (sulphate-250 mdl) mgn Mg 30 150 
Manganese men Mn 0 05 0 5 
Sulphatc mpn SO* 200 400 
Ztnc mgn Zn 5 I5 
Arsentc mdl As - 0 05 
Cadmtum mgn Cd - 0 01 
Cyamde mgn CN - 0 01 
Lead mgll Pb - 0 1 
Mexury (total] mg/l Hg - 0001 
Selenlum mg/l Se - 0 01 
N~trate mgA NO1 - 45 
95 per cent of sampler throu&hwt the year should contarn k s s  than o&cddonn 
per 100 rnl and nor cicecd 10 wltlorms per 100 ml 

Swme In#ernu~rum,l SranlhrrA lor  DnnLrny Wmrr World Htahh Orgarnulaon 1971 

where L. = eftluent BOD (mgll) 
L, = rntluent BOD (mgll) 
k,  = rate coeffictent 
n = constant 
R = rctentmn (day1 

Work m Zambta produced values of k, and n of 6 0  and 4 8 
respectively for a pond temperature of 2OT 

It IS now generally accepted that the volumanc BOD loadrng IS the 
most relevant desrgn cntenon5 " provtded that the depth IS sufic~ent to 
malntatn a predominantly anaerobic regme A relentton perlod of 2 to 7 
days" 1s generally requrred dependtng on the amb~ent temperature 
retention penods longer than about 5 days appear to have ltttle effect on 
the removal of BOD for a grven loadtng rate3 and 5 days appears to be 
the optimum f a  year-round operatton' 

DESIGN METHODS FACULTATIVE PONDS 
There are numerous des~gn methods based on emplncal formulae, 

statrsttcal analysts and rule of thumb from w h ~ h  a wtde range of 
desrgns can be obtruned A survey of destgn methods was undertaken 
by the author In 1975 as part of Howard Humphreys and Partners 
tnternal technolo@cal updaung programme rn whtch 11 was concluded 
that the McGarry & Pescod formulaes mve a reasonable des~gn under 
most ctrcumstances Thts concluston was confirmed tndependently by 
Mara' In 1976 

The pmc~pa l  desrgn methods ~n most common use are even below as 
named by the author 

--Global Envtronmental Dcstgn Busts 
--Gloyna s Emplncal Formula 
-Frrst Order Ktnrttcs 
-1ndran Approximate Procedure 
-Solar Rad~atron Method 
-Thtmmurtht Method 
-McGany & Pescod Formulae 
A cornpanson of deugns for a prucular locauon, usrng these 

methods. IS mven In Table 3, from whrch rl can be seen that the 
McGarry and Pescod method provrdes average values 

TABLE 3 
01 F ~ ~ U ( I V C  h d  b d p s  

Merhod Reantion (davs) Areal BOD loadrn~ 
(kg BODlha d) 

Global Cltmate 33-17 I5&350 
Gloyna s Formula 43 % 
1st Order Ktnet~cs 13 319 
Solar Rad~at~on I I 373 
Th~rumurtL 19 217 
McGarry & Pescod I5 267 



Global EnnronmcnW Deagn Basis 
Gloyna'3 g~ves a table of acceptable organlc loadings to facultative 

ponds wh~ch have been used successfully In vanou5 environments The 
loadrngs p e n  are based on the followlng arsumptlon\ 

-the tMal evaporauve and seepage loss 1s not greater than the 
Influent volume 

-theper cuplru BOD contrrbutlon 1s 50 g BODS per day 
-4he wastewater pmduct~on per cuprru day 1s 100 Iltres 

The surface loadings quoted are mven In Table 4 

TABLE 4 
Global Ennmmnto l  Deslgn Basis 

Sufl~frrce Loudinp Relenhon Pen& En~rrunmenr 
tha BODJIIIU dj t l r s )  

10 200 Fnad zones ICY low water 
temperature. vanable c lwd 
cover 

10-50 200-100 Cdd seasons icy temperate 
summer season Ishorl) 

50-150 100-33 Temperate to semi-troplcal 
No prolonged cloud cover 
Occas~onal Ice cover 

I5&3M 13-1 7 Troplcal unlform d~str~butron 
of sunshlnc and temperature 
No seasonal cloud cover 

Obviously these generalized values should be u%d only where llmlted 
~nformat~on precludes the use of more refined methods 

Gby~n's Emprknl Fannub 
An emplrxal formula based on the operatronal results from many 

small laboratory expenments larger pllot scale studles and several 
hundred full scale pondq, relatlng pond volume to temperature Influent 
BOD and wastewater flow was farst developd In 1958 and 1s p e n  by 
Gloyna" 

V = (3 5x10- 3)  Nq ~ 0 " " ' " ' ~  
where V = pond vdume (m3) 

N = contr~but~ng population 
q = per ceprru wastewater flow (Ild) 
8 = temperature reaction exponent = 1 085 
T.,= average water temperature on the coldest month ('C) 
L = Ult~mate B~ochem~cal Oxygen Demand (mgll) 

Thls formula has now been updated3 to include factors for the toxlclty 
content and sulphlde content The retentlon penods b a d  on this equa- 
tlon are shown on Flgure l for varlous lnlluent organic load\ assuming 
the ulnmate BOD IS 1 4 times the 5 day BOD 

Gloynai recommends the followlng guldellnes for the delerm~nat~on 
of depth 

Lkpth m mrrres C o n d m ~ ~ s  
1 00 Generally deal condluons very unlform 

temperature troplcal to subtropical rnllumum 
settleable sollds 

1 25 As ahove but wlth modest amounts of settlehble 
sdlds Surfacede\~gn based on one metre depth and 
0 25 metre used for reserve vdume 

I 50 As for I 2% rn excel  for s~~ruticant seasonal 
vanatlon In tempenture m&or fluctuat~ons In dally 
flow Surface deslnn a m n  based on one metre 

2 and over For wluble wastewat&s whlch are slowly 
biodegradable and retenuon 1s controlling factor 

First Ordcr Kinetics 
The formuld for the t in t  order reducuon of BOD 1s 

Lp  = -L- 
h++I 

where L, L, = influent f l uen t  BOD (mgll) 
R = retentlon (days) 

and hT IS the BOD reduction rate Constant In the pond envlmnment 
P r  vanes wltb temperature according to the equduon 

IT-><] 
h~ = h3sx1 085 

where 1 3 s  = 1 2 In southern Ahca 
and T = pond opentlng temperature. 'C 
Thls formula rs based on the assumpt~on of a completely mlxed 

reactor whereas most pond systems are far from this condlt~on There- 
fore as wwld be expected the formula tends to over-estlmate the BOD 
reduct~on'~ although a jud~crous cholce of the value of h, can counter 
thls pan~cularly when based on local operative experience In other 
pond systems 

lndlan Approximate Rmdum 
I t  has been found In lnd~a that the areal BOD loading to facultat~ve 

ponds can be related approxrmately to the lat~tude An Increase of25 kg 
BODlha d for every 4' change In latltude produces a range of loading 
rate from 315 to IM kglha d for a latltude change fmm 8"N to 36.N 
Extrapolations outside lndla are not recommended The values are only 
approx~mnte and are based on an altltude d sed level, clear skles for 
75% of the year and a pond depth of 0 9 to I 5 metrest2 

Solar R.diption Meltmd 
This method was onglnally developed by Oswald and Gotaas and 1s 

based on 
-average monthly maximum and m~n~mum solar radlatlon 
-average monthly sky clearance factors 
-algae energ) requirement and util~zatlon effic~ency 
-oxygen productlon rate by algae 
Probable average values for v~slble sdar radlatlon may be calculaled 

from the ~nformat~on published by the Unlted States Weather Bureau 
and typ~cal denved figure\ for sea kvel are quoted by Arce~vala'~ The 
avernge rad~at~on 1s then calculated for the loweqt month of the year 

Average radlatlon S o  = m~n~mum vlslble rad +(inax -mln )xsky 
clearance factor 

actual hours of sun11 ht 
where the sky clearance factor = total possible wnllght Lrc 

The vlslble solar radldll0n values should he corrected for altlade 
S, = S o  I l t O W Z 5 E )  

where SE = vlslble radlatlon at elevatlon E (g cal/cma d) 
So = vlslbk radlatlon at sea kvel 
E = elevatlon above sea level ( f ix I0  1) 

The energy requlremenls for the formatlon of one gram of alee 1s In 
the reglon of 4 to 6 kllo-calor1es3 la and the utlllzat~on efliclency of 
conversion of vlslhle energy 1s 4 to 6 per cent 

The mass of algae ~roduced 1s nlven therefore hv - .  
0 & X S ~  average 

mass of algae = 6x lwx , kdha d 
~ ~~ ~- 

The oxygen productlon by algae a estrmated In the order of I 25 to 
1 75 d g  of algae produced" In  warm cltmates oxygen productron rates 
of 500 kilograms 0 2  per hectare day have been atmned althuugh 200 
kllogrdmr per hectare day IS an average real~sl~c figure and a useful 
check on design" 

Figure I Gluvnu s Empr~cul Equurron 



There are d~fferenr des~gn approaches rdatlng the oxygen produced 
by the photosynthettc acttvtty of algae to etther the BOD5 or ultlmate 
BOD removed or appl~ed to the pond systemI6 Stdd~qt and Handal6 
propore the use o fa  lodd factor defined as the rdtto of BODS load to the 
oxveen oroduced bv alme althoueh thev w e e  tt would be preferable to .- . 
use ulttrnate BOD Athir than t bek~~s -va l ue  They repoithat Oswald 
sueeested a lower l tm~t of0 44 and themselves suenest a value of 8 0 as -- 
anupper luntt to matntiun facultat~ve condtuons Arcelvala el a/" slate 
that the ult~mate BOD load to the pond should not exceed the oxygen 
produced by algae and. although ths Ignores the redua~on of BOD by 
settlement and anaerobic decompos~t~on 11 provldes a safe des~gn basls 
Maraa suggests a safety factor not greater than l 07 tlmes the oxygen 
produ~ed to @ve the desrgn Id  of ult~mate BOD Thts factor IS 

Included to allow for not all of the oxygen produced betng ullllzed for 
wganlc stablllzatlon, but agam no account 1s taken ofthe BOD rcduc- 
tton by settlement I n  addlt~on to the settlement phenomena any 
theorettcal relat~onsh~p between load and algae oxygen should lnclude 
natural surface reaeratlon as an oxygen source 

Tlurwnurllu Method 
The Th~rurnunht" method 1s a rattonal approach based on a non- 

tdeally mlxed reactor tn whlch the degree of mtxlng IS represented by a 
conslant d ranging from zero for plug flow cond~t~ons to lniin~ty for 
completely m~xed systems The usual BOD decay rate constant, kT ,  IS 

determtned from the lnfluent BOD level, values of the product k~ 
ttmes the retention tome are related to the percentage BOD rematnlng by 
the eauallon rolutwns reoreunted In Faure 2 The value ofd IS unl~kely 
to exceed I 0 for waste itainltzat~on po-nds but even between a d  value 
of 0 25 and 1 00 the calculated retenuon can vary by 65 per cent 
Thtrumunht suggests tracer studtes or model tests should be under 
taken to determine the appropriated value for the pond configuratton 

The determlnat~on of the BOD decay rale constant. I 7  1s also dls- 
cussed by Th~rumurlht and relattonshps a n  proposed for a dependency 
on the organlc loadtng rate and solar radtat~on levels In addtt~on to 
temperature A dependency ofhr on the organtc l d l n g  rate has also 
been observed by S~dd~qt and Handa" reductng from a value of 0 22 ~n 
the first pond to 0 06 tn the thud pond 

Mffiarry nod Rmal F o m b  
McGarry and Pcscoda analysed data fmm 143 pnmary facultattve 

ponds and found a very defin~te relauonshlp extsls between the areal 
removal of BOD and the rnfluent BOD value The regresston llne taker 
the form 

L, = 10 37+0 725 L,, 
where L, = areal removal of BOD (kg BODIha day) 
and L,, = areal loading of BOD (kgBOD/ha day) 

The 95 per cent confidence Itnuts for this regress~on were i 3 2  8 kglha d 
A funher equatlon IS even descr~blng the max~mum feas~ble loadlng 

of a pnmary facultatlve pond related to the mean monthly amb~ent 
temperature taking the form 

L ,  = I I 2 (1 054)~"' 
where T,, = mean monthly amb~ent tempCG3Nre O F  
MdrdB9 proposes the use of a safety factor of 1 5 to allow this equatton 

to be used for des~gn Ustng thts factor the results were compared w~th  
those of the modlfted first order klnetlcs approach developed by Marals 
and Shdw and descnbed by Gloyna" as the South Afncan procedure 
However thls companson a only vahd t f  the temperature values used 
In the two methods are consistent The McGarry and Pescod formuld 
uses mean monthly ambent temperature whereas the BOD decay rate 
comtant used In the firct order ktnetlcs method IS usually related to 
pond l ~ q u ~ d  temperature Maratsm correlated monthly mean maxlmum 
and mtntmum a r  temperature wtth pond Iqutd temperature and p r o  
duced an equ~valent value of the decay constant based on alr 
temperature extremes Pond temperatures are usually a few degrees 
centigrade above the mean amb~ent temperature except In the hottest 
months12 

DESIGN METHODS AERATED LAGOONS 
Aerated lagoons are generally deslgned on the prtnc~ple of a com 

pletely m~xed steady-state reactor using the fust order klnetlcs 
theory30 

L,JL,- I 
Retentmn= - 1 r -- , 

where L,, L, = lnfluent, emuent BOD (mg/l) 

' A2@Q 
A20 = 0 5  

and Q = I 055 
The oxygen input 1s related to the ulttmate BOD removed and must 

be adjusted for temperature and amosphenc pressure (alt~tude) so that 
the aerator efictency under standard cond~ttons may be spectfied 

BOD rernalnlng, ('1.) 

Kr = BOD removal rat* awstant rdo1.d lo BOD toad 

F~gurr 2 Destgn Chen Thlrumurthr Method (The cur~es from left l o  
rrght represent ralues of d = 0, 0 06, 0 I 0 25 0 5 ,  1 2 4 and = 

respecttvely ) 

Pearson3' proposed the sunpl~fied equatlon 
&,C. 

where 0 2 ,  = oxygen rqutred under stmdard cond~tlons 
01. = oxygen requtred under actual condtttons 
C ,  = dtssolved oxygen SaNrabon concentrauon at 20T 
A = oxygen transfer efic~ency 
CL = oxygen concentrauon to be mrntatned In lagoon at 

operattng temperature 
C,. = d~ssolved oxygen saturat~on concentrauon at lagoon 

temperature 
P,, = barometnc pressure (Ins Hg) 
P, = standard barometrtc pressure 
T = temperature of lagoon 

The atmosphmc pressure may be related to altltude by the follow~ng 
formula 

where E = elevatton above sea\level (m)' 
P = barometnc pressure (mm Hg) 

Typlcal oxygen transfer efiictenc~es In lagoons are ~n the order of 0 8 
to I 0 kg 01/kWh For facultatlve lagoon operauon the power ~nput 
should not exceed about 4 watts/m3, whereas for complete mlxtng 
power ~nputs tn thr order of 20 watts/m3 are necessary, depending on 
the shape Typlcal depths range from 2 to 5 m and should be determtned 
w~th cons~deral~on to the type ofaeratton system to be used Rctent~ons 
are typically between 3 and 6 days wtth overall BOD loadlngb In the 
order of 0 016 kg BODIm' d 

Marag proposes a refined des~gn approach In whlch the ulttmate BOD 
of the emuent IS calculated from the lncornlng soluble BOD not 
stab~l~zed In the lagoon plus the ult~mate BOD due to the bactena cells 
synthertzed In the l y w n  Thts phenomenon was onenally h~ghl~ghted 
but not mnctuded by Eckenfclder3' 



An alternative design approach would be to apply the baslc activated 
sludge theory to deternune the effectlvc volume of a lagoon requlred 
msumlng the FIM ratlo appropnale for extended aerallon Consrdera- 
tlon of th~s theoret~cal approach suggests that the performance of 
aerated lagoons could be opurmred by adjustlnp the suspended sol~ds 
content In the lagoon. perhaps by varying the degree of mlxlng of the 
contents or by returmnga proponlon ofthe ~ettled sludge lo the lagoon 
Inlet However thls does not take Into account the ultlmate oxygen 
demand of sludge depos~ts nor of the new cells synthesized and one IS 

Ien w~th  the conclustons of Bart rh and RandaU30 that. although good 
performance of aerated lagoons has been observed In many sltuallons 
there IS a need for add~t~onal tnformat~on to determine In panlcular 

-the valld~ty of the first order Lnetlcs theory 
-the effects of basln geometry aerator deslgn and power Input on 

the BOD removal cocffic~ent 
-Lemperature effects 

DESIGN METHODS MATURATION PONOS 
The pnnclpal purpose ofmaturat~on ponds IS the removal of entenc 

bacterla and vlruses, other purposes Include the reduct~on of BOD and 
the removal of nutrients 

Flrst order Lnetlcs theory 1s generally used to pedlct bacterial dle- 
off assurnlng complete mlxlng and stcady-slate cond~tlons For a 
number of ponds In v r ~ e s  the eftluent faecal col~form concentratlon IS 

prcdlcted by the followlng equatlon 
N. . . 

N, = 
(KTR~+I)(KrRz+I) (KrR,,+I) 

where N, = efnuent faecal collform count per 100 ml 
N, = influent faecal cdrform count per 100 ml 
KT = faecal cohform removal rate constant at 

temperature TT 
R. = retentlon ofnth pond 

K T  IS very tempaatum-dependent and IS calculated by the followng 
equauonl' 

K T  = ? 6x I for T between 5 and 2 IQC 
Mararsl' has shown that the most efiic~ent syslem IS composed of 

ponds havlng equal retentton penods 
Gloyna" has observed that vanws hactena d ~ e  off at d~fferent rates 

and that the overall he-away IS greater when a large varlety of algal 
speceaes are present Baclpal removal was found to be greater w~ th  an 
l n~ t~a l  anaerob~c pond Althouqh some aftergrowth was observed In 
E Crdr and Pseudomonads. this was not observed for the pathogens 

Maturation ponds are generally des~gned to have a retentlon p e n 4  of 
7 to 7 days w~th a depth of I to I 5 m An increased depth at the outfall 
p n t  allows the effluent lakcoff level to be selected to ach~eve a 
mlnlmum algal content In the effluent 

Where the effluent 1s to be re-used for agricultural lrngatlon the elfect 
of evapaatlon on the concentratlon of salts and toxlcs In the eftluent 
should be checked pamcularly In ard cl~mates 

The theoretical reductlon In BOD In a mrturauon pond a not dealt 
wah separately In the l~teraturc but 11 1s suggested that the des~gn 
cntend for ffgultat~ve ponds prov~de a safe des~gn Marn' reports that 
prov~ded the mfluent BOD IS less than 75 mgA the eftluent from two 
maturation ponds In serles each havlng 7 days retentlon should have a 
BOD of less than 25 mgll 

Oswald4 Lscusxs 'the deslgn constderauons of nutnent removal 
employing algal growth 

FACILITIES DESIGN 
The facllltles des~gn should anclude at lean the followlng factors 

-prcclpltauon 
-percolat~on 
--evaporat~on 
--outflow analys~s 
-onentat~on, shape, configurat~on and posltlon 
-1ntlow and outflow structures 
--embankments 
-wave protect~on 
-mlxlng 
-groundwater level 
-flood protcct~on 
-sludge accumulat~on and removal 
-pond lln~ng 
-future expansion 

Pmdpi(.Uoa 
I t  IS necessary to have a knowledge of the average rainfall figure$ 

throughout the year so that the effects of dllut~on and reduced retentlon 

p n o d  can be accounted for tn the deslgn Preapltat~on records are 
avallable more often than thox for evaporation and locally rollected 
lnforma~on should be sough1 wherever possible Where few data are 
avallable a rough gu~de may be obtained ofgeneral world w~de preclpl- 
tatlon from the Handbook of Applied Hydraulics" 

Percolat~on 11110 the subsoll may be estunated from the type of so11 
and the d e ~ t h  ofthe water cable below the base ofthe wnd For unl~ned 
ponds the.lmual percoldtlon rate 1s usually very much h~ghcr than thdt 
finally ach~evcd due to the clogslng ofthe pond bottom by fine panru- 
late matter and organlc growth In fine sand. for example an ln~tlal rate 
of I5 cmlday was observed to decline gradually to I cmlday" 

An ~n-sltu leql which may be uwd to approx~mate the ln~t l r l  percold 
tlon rate and predlct the final percdatlon rate has been proposed by 
Oswaldn and IS shown In F~gure 3 

Knowledge of the llkely percolation losses are requlred In order that 
the effective retentlon may be calculated and the deslred water depth 
range malntalned Where the treated effluent IS re-used for ~rn@tlon 
purposes for example 11 IS deslrahle to mlrumze the seepage losser 
Conversely. where the a m  1s the ultlmate d~sporal ofthe effluent such 
measures as rotatlon d pond usage and bottom scanficatlon should be 
taken to maxlmlze seepage Care must be exercised to avo~d polluung 
an aqu~fer used for d polable water supply source Add~l~onal meusures 
to enhance the overall percolatron rate may mclude the appllcat~on of a 
sand/gravel layer on the surface of the exposed aqu~fer Such a layer 
should be deslgned to achleve a max~mum amount of ~nfiltrat~on prlor to 
clogg~ng wh~le protecting the aqrofer from solds ~ntnrs lon~ 

Evsporshon 
In ha1 cl~mates eVaporahOn losses can s~gnlf~antly reduce the effec- 

tlvc retentlon In apond and can cause a drop In water level to below thdt 

Relrmce point Water m t w d  dolly 

Snooth Pp. 
man d~am 2OOmm 

Undlsturkd 
ground - 

Tmtal~vc dmgn rate (mrn/dl 

Figure 3 I n  Sira Pcrrulurron Test und Des~yn Crinr (After Oswald") 
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requrred for saustactory operatlon In addltron the concentratron of 
pollutants rn the pond may be rncreased to a level whlch may cause 
operatlonal d~ficultres and subsequent envrronmental pollutron 

Evaporat~on data are not always avarlable for specrfic locat~ons and 
where no records exlst a nomograph produced by Kohler el UP, rela 
ttng mean daly mr temperature, mun druly dew-po~nt temperature, 
wlnd velocrty and solar radratlon may be used to approximate lake" 
evaporatron Such estimates should be confirmed by locally wllected 
data whenever posslble 

Outllow Aadysis 
An analysrs of the mmbrned effects of precrptatlon, percoldt~on and 

evaporatron on the overall flow through the ponds should be undertaken 
to check fluctuabons In water level and the mrnrmum retention lrkely to 
be obtalned 

Low 1dti.L Fbrs  
The above wdiow analysls IS of particular relevance to the early 

stages of operatlon dunng wh~ch flow rates very much lower than the 
desrgn flow may be encountered Where posslble rnrtral low flows 
should be taken Into consrderatlon In the deslgn of the sue  number and 
contigurat~on of the pond system so that maxlmum flexrbrlrty of opera 
Iron IS provrded 

Pond Orient.tlon, Shape, Caolyrnt im MII Podtion 
The drrecuons of maxlmum wmd-mduced nuxrng and of maxlmum 

sunlrght are the prrnclpal factors In the selearon of the  deal onentatron 
of a pond system but m many instances srte area and topographlcd 
consrderatrons are predomrnant 

Rectangular ponds wth a length to breadth nt to  of 2-3 1 have been 
found to nunlmrze short-c~rcurung and to be the most slmple to con- 
structl' Man' suggests that a deepemng at the rnlel end of a long 
narrow pond 1s advantageous In provldlng an anaerob~c zone 

Generally 11 IS preferred to dlvrde a pond system Into at least two 
parallel streams of ponds to facllltate dra~nng down for maintenance and 
to allow lkx~b~lrty of operatton prIlcutarly at low flows The aspect of 
wave protecoon IS d~scussed later but as a gurde to the maxlmum slze of 
any pond areas less than 12 ha have been quoted as not usually glvlng 
wave eroslon ~ r o b l e m s ~ ~  

A pond sysGm should be pos~oomd takrng Into account the probable 
environmental Impact on local resrdents There are a number of local 
requrrements regardlng the drstances of ponds from residentral areas, a 
tvosal finure bernn 0 5-1 0 kllometres for a facultallve nond and more 

F~gure 5 Dram-Down Chamber 

The ponds should be located to avoad flood damage on a a t e  havrng 
room for future expansron and of course as close as possrble to the 
treated effluent disposal porn1 whlle malntanrng d at all possrble. a 
gravlty flow of sewage to the works 

M o w  awl outnow Strvdunr 
It 1s considered that mult~ple pond lnlets should be used for all but 

small pondsI2 l3 " lnkts to small ponds and anaerobr ponds should be 
at the centre of the pond, whereas for larger ponds the rnlet pornls 
should be poslt~oned about 60 m from the nearest bankn " and about 
25 m for medrum srzed ponds' Opmlons rmfer as to whether the outlet 
end should be stra~ght, down-turned or upturned from a srmple con- 
srderatlon of hydraultcs and cost a straight prpe gently slop~ng towards 
the pond base would be prefel~ed 

In all cases pond Inlets should be submerged to encourage raptd 
mrxlng and reduce the probab~lrty of odour nursance 

A bar screerung facrhty for the raw sewage usually should be pro- 
v~ded lo remove large floaung objeas and debns from the man flow 

Flow measurement by flume or V-notch IS desirable both for petfor- 
mance monttonng and also for future extenmns dcslgn 

A typrcal rnlet to a pnmary pond IS shown In Flgure 4 
Dra~ndown chambers should be provlded to allow emptylng for 

marntenance and sludge removal The outkt arrangement should faall- 
tate removal of top waters only drequlred, tlus may be acheved s~mply 
bv two OenStOCks at Bfferent levels as shown In F l a r e  5. for exam~le 
or by a' bottom penstock and floatrng arm drawoff facrllty A iess 
soph~strcated deslgn would comprise a srngle valved plpellne through 
the base of the embankment 

Interpond connecllons may be In the form of a slngle plpe but should 
always he valved" Maram suggests that where the water level drfferen 
tral between ponds exceeds I m then an lnlet chute should be used To 
obtarn maxrmum operational flexrb~lrty a central feeder collector and 
by-pass plpe can be lacorprated as rllustrated m F~gure 6 for a SIX-pond 
~nstallatron 

Pond outlets usually wnscst of an overflow war  and a scum board 
Both the welr and scum board should be adlustable so that the water 
depth of the pond may be controlled and thchepth of extraction vaned 
to meet seasonal channcs In the water aualrtv at drfferent deoths A 
typtcal werr outlet chamber 1s shown rn ~rgur;  7 

Embmkmentr 
The herght of an embankment above tho pond base 1s based on the 

desrgn maxrmum water depth, the freeboard requlrernents for storm- 
water flows, spare capaaty an allowance for Zludae accumulatron and 
the expected wave helght 

The embankment slope IS not usually steeper than 1 3 dependmg on 
the so11 stablllty and the crest wdth between three and five metres. the 
latter berng preferable for easy access and equipment handlrng The s ~ u  
of embankments IS ofien dictated by thegeneral objecuve to balance the 
earthworks cut and fill Organrc matnral should be excluded from the 
matenal used to form embankments 

Embankment erosron, other than at the wateredge 1s reduced by 
good compacuon and a surface layer of Hones on the lnsrde slope, and 
the plantlne 01 a hardy grdss specrs on the outsrde slope 

~ y ~ z c a l  embankment dcvlgns arc shown m Rgure 8 
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SECTION 1-1 

Figf~re 7 Pond 011tkt 

TYPICAL SECTION5 

F~gure 6 Flexible Operuhor~ Pipem ork 

Wave Rdcctiw 
Inadequate protection of embdnkments at the water-edge appears l o  

be one o f  the most unsat~sfactory aspects of waste subil latron pond 
des~grP Concrete pavrng slabs are In common use but In some case\ 
suhs~dence dnd lining have arlwn probably due to the so11 type A 
atone layer can prove a successful measure provlded 11 1s formed o f  
slones of sufficient slze and placed In a layer of ddequate depth 
retalned 9 necessary Bank protection should extend at least 300 mm 
above dnd below the maxlmum and mlnlmum water levels 

Other methods prov~d~ng prwectmn are pnnup dly applied to seal the 
pond base and include bentonite sldbdrzed so11 asphalt\ and pldst~cs 
llnlngs 

Wave emslon 1s ~ n l m l z e d  by using pond areas less than I2 hdu 
Vanous formulde have been proposed l o  predlct wave herght most 
nsu l t~ng in a mlrumum value of about 0 70 m Oswalff' proposed the 
following formula for freeboard calculat~on 

SPECIAL SPECIFIC DESlGY 

Frgere 8 E~~ibu~rLr i tenr~  

/ - (log A? 
where f = freeboard (in) 

A = area ld) 

wind-~nduced mrxlng 8s essent~al l o  sal~sfdctory pond operdtlon A* 11 
~ncredre., the natural rug-fdce reaeration, reduces short clrcultlng (pro 
v~ded the wlnd dlrectlon 15 not from Inlet to outlet) and maintains an 



lmproved algal populat~on and drstr~but~on o f  pollutants The degree of 
m~xlng Ir  largel) dependent on the fetch or length o f  open water and the 
surrounding obstructtons ruch as vegetatton and butldlngc Ideally a 
wlnd rose should be obtdlned for the slte so thdt pond onentation IS best 
su~ted for wtnd Induced mlxlng A clear d~stance of about 100 metres 
around the w n d  should el~mrnate the effects of surroundlnp, 
obstruct~ons 

A fetch o f  I W  to 200 metres 1% repwed as belna suffic~ent for ade 
quate mrxlnd 11 Where wlnd sp&ds do not commonly exceed about 
20 kdhou r  wlnd lnduced mrxvlg can not be rel~ed upon and an~ficldl 
m~xlng should be cons~dered 

Thermal mrxtng on a dlurnal basls usually occurs due to slrat~ficat~on 
and subsequent turn-over resultrng from water densrty changes 
Strat~ficat~on 1s not deslrableand therefore thls form o f  mrxlng rs of little 
use 

Where ~n\uRiclent natural mlxrng occurs artlficlal means mdy be used 
such as surface aerators (whch moves the desrgn Into the realm o f  
aerated lagoons) slmple ' bubble guns rotary brushes and hor~zontal 
screw pumps 

A knowledge o f  the groundwater level 1s Imponant to ensure the pond 
b a F  IS above the water table so that construction work 1s made very 
much easler and groundwater lntiltrat~on Inlo the ponds IS avorded 

nood Prokclion 

Often pond sltes are located In  a natural topographrc low area to 
perm~t gravlty sewage flow to the works Such sltes may be prone to 
flooding durlng storm penods and therefore should be adequately p r e  
tected from flood water eroslon 

Dunng flood cond~t~ons 11 IS also deslrable to provrde some sort of 
emergency overllow from the ponds 50 that the embankments are pro- 
tected Emergency overllows may take the form of  srmple sprllwa)s 

Sludge Aoumulation and Removal 

The accumulat~on of sludge In a pond depend5 on the type of pond 
and the gnt and settleable rolls conient of the raw sewage ~ c c u m u l d  
tlon rates In Indra and the USA are drscussed In detall by Arcelvala er 
a/" The nett accumulat~on o f  sludge depos~tsper cuprru decredses w ~ t h  
tlme due to the effects o f  anderoblc dlnest~on and comudctlon T v ~ l c a l  
acc~lmulat~on rates In I nd~a  range from 0 08 to 0 3 m3 per head per 
annumI2 and the resulting desludglng frequencres normall) range from 
about 5 to I ?  years depending on the depth o f  pond cons~dered and the 
cllmdte 

Sludge removal should he effected once the rmnlmum deslrable water 
depth for the type of pond has been reached for example the mlntmurn 
l ~ q u ~ d  depth for afacultatlve pond IS generally one metre Sludge will be 
I n  a dr~ed form afler w~thdrawrng the panlcular pond from operatoon 
and dralnlng down and then may be removed by a mechantcal shoiel or 
by hand barrow Care must be taken to avo~d d a m a ~ n g  the pond base 
con\tructlon The typrcal motsture content of accumulated sludge 
ranges from an ln l t~al  vdue 80 to W per cent whlch w ~ l l  reduce w ~ t h  the 
perlod of drylng the reductton In mksture content u ~ t h  ttme hds heen 
eramlned bb Pescd7and a g r a ~ h  was produced relating the total \o l~dr  
content to cumulative solar Fadiatlon The final d ~ s p o s i  o f  sludge may 
be to agr~cultural land landfill or t ~ p  dependrng on the circumstances 
and sludge constituent% 

Pond Lmlng 

Where 11 IS deslred to a r o ~ d  excessive percoldt~on ~ n t o  the ground In 
areas o f  l~mestone or gravel format~ons for example, bottom sealrng rn 
some form wll l  be necessary Bottom seallng may be achteved stmply 
by a layer of clayey sorl or benton~te 1f l h s  IS avdrlable locally at reason- 
able cost 

Other methods rnclude roll stabrlrzatron w ~ t h  cement sprayed or rol- 
led asphalt and plastlcs llrung matenals Plastics lrnlng matenals are 
usually placed on a prepared sand layer and 11 rsadv~sable to protect the 
membrane w ~ t h  a slmrlar sand layer on top The co\t of llnlng usually 
precludes 11s appl~cauon except where the potent~al pollullon o f  a water 
source for example just~fies 11s use 

Fuhlre Expanaon 

As lndlcdted above the selectron of a slte for a pond system should 
take Into account the land requ~rements for future expansion Where 
land area IS not avallable to expand the system can be modrfied to 
Include aerated lagoons by deepening some ponds The add111011 of 
anaerob~c lagoons for the pnmary treatment of stronger wastes has 
been shown to reduce the tolal land area requrred by a factor of up to 
two tlmes In theoryn but this IS n a  always reallzed rn practlce 

Other methods o f  up gradrng pond systems through process modrfica- 
tron have been suggestedz9 lncludlng 

-organic load adpistment 
-reclrculatlon 
-feed and wrthdrawal facll~tles 
-mlxlng 
-aeration 

CONCLUDING COMMENTS 

Desp~te the large amount o f  research and l l laature on the subject of 
waste stab~l~zatron ponds the varlous desrgn methods can result In 
w~dely d~fferlng resilts No one method appears to cover the whole 
storv for example for facultative w n d  deslan the M c G a m  and Pescod - 
method 1s based on amb~ent temperature only, whereas a check on the 
avallable solar rddlatlon level IS advrsable 

Ponds are the first cho~ce of treatment method ~n hot cllmates as they 
are slmple to construct cheap to run and can produce an effluent havtng 
mlnlmal rlsk to the environment 

Thrs paper represents the vlews o f  the author and not necessarrly 
those o f  Howard Humphreys 
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DISCUSSION 
Dr R J Martin (Lecturer, Unlvers~ty of Blrmlngham) 
Q I Is there a danger of waste s tab~l~za t~on pond deslgn belng 

unnecessar~ly compl~cated and theoretical particularly In vtew of the 
poor level of miuntenance often encountered? 

A I T h ~ s  questton 1s best answered In three sectlons 
(I) Although the methods presented may appear compllcated. In fact 

they are based on very slmple concepts No one method IS com- 
pletely sausfactory and 11 1s therefore lmponant to take Into 
account the factors lncluded In a number of approaches In general 
terms the more theory used In a desrnn the more l~kely a successful 
des~gn wlll result 

(11) Most of Howard Humvhrevs work 1s for lnternatlonal fundlne . . 
agencies who requlre f ; ~  ju~tlficat~on for a proposed scheme 

- 
(la) Adequate maintenance 1s essential to any scheme of sanltatlon and 

wherever poss~ble tmnmg schemes are offered as pan of the 
project lmplementatlon 

Q 2 What sort of populatlon may be served by waste stabll~zatlon 
ponds' 

A 2 Waste stablllzat~on ponds are generally used for small rural 
communltles of a few thousand However the largest pond system to 
my knowledge IS In Auckland, New Zealand serving an equivalent 
populatlon of over 500 WO and occupylng 525 ha 

Mr J P Arthur (Research Student. Un~verslty of Blrnungham) 
Q 3 In vlew of the many factors whtch must be cons~dered In the 

des~gn of waste stablllzat~on ponds, 1s 11 not destrahle to construct pdot 
plants to observe thew behav~our before full scale ponds are 
constructed? 

A 3 lllot scale studles have been undertaken to examlne the effects 
on performance of d~fferent configuratrons* However scaling up the 
performance cntena may not prove to be rcl~able In vlew of the changed 
rnfluence of factors such as wlnd actton 

Q 4 What constitutes the llm~t to loading of facultat~ve ponds and 
could there be some reducuon In retentlon periods and some Increase In 
the loading rates suggested In the paper? 

A 4 The maxlmum areal loadlng rates for facultat~ve ponds before 
the onset ofanaerob~c conditions was related to mean monthly amb~ent 
temperature by McGarry and Pescot? A factor of safety of 1 5 has been 
suggested by Mar8 for use In deslgn 

For a gven surface area the retentlon penod I S  a funct~on of depth 
only, normal depths of facultat~ve ponds range between I 0 and 1 5 m 
dependlng on the sludge storage requirements and cllmatlc cond~tlons 

Q 5 How do the costs of waste stabtlrzat~on ponds compare wlth 
other treatment systems? 

A 5 Any cost companson of treatment methods must include both 
the capllal costs, recur~ent costs and operating c a t s  Ponds are slmple 
to construct but where the majority ofthe pond volume 1s below ground 
level the rate for excavation wlll be the wedonunant cost factor 

A recent companson between a wasti stablllzat~on scheme and an 
ox~datron dltch scheme revealed the foHowlnn ca~l ta l  cost comaanson - .  
for a three stage construction 

Stage I Stage 11 Stage III 

Oxldatlon Ihtch 10 000 8600 9900 
Waste Stab~l~zauon Pond 10 300 8900 13 MK) 

From the above capllal cost compan~on one mlght be tempted to 
adopt the ox~dat~on dltch scheme but when the operat~ng c o w  and 
recurrent costs are taken into cons~derat~on the pond scheme has d 
discounted cost of 29 600 compared with 32 500 for the dllch scheme 
and would therefore be selected on the basts of lea31 drsco~rrtred t o , ~  
Further factors affecting the cholce of process ~nclude 
-the removal efticlency of pathogcntc bacter~a and vuuses helrmnths 

etc 
-the level of local operatlve sk~U 
-the proportion of forelgn currency requ~red 

Gloyna" glves the following cost companson of consrructro~i costs 

Construct~on Costs per Head (US$) 

Waste 
Stabll~zatton Aalvated Percolaung 

Ponds Sludge Fllten 

1000 9-29 45-98 5@-110 
10 000 6 1 3  23-52 23- 51 

IW 000 1 75- 6 12-27 11- 23 

Mr W M Waterson (A H S Waters & Partners) 
Q 6 Is ammonla removal as complete as would be expected from d 

long relentlon system? 
A 6 Some researchers have reported ammonia removal eficlenc~es 

of between 56 and 84 per cent whereas an extensive rnvebtlgatlon In 
Sunnvvale Callforn~a'~ found that no aowec~able nltr~ficatlon oc- 
c u m d  w ~ t h  or wlthout surface aeration ~d ;nhibltory substances were 
detected In the waste and althouah the nitrltvlnn bactenaNflroson~onrr< 
and Nrrrohorrpr were present I; the pond thelack of aerob~c surfaces 
for attdchment and growth was suggested as bang the cause of the lack 
of nltrlfylng acuvlty 

Q 7 Is there experience of remov~ng sludge from a pond ulthout 
emptylng I e uslng a mud-cat type vacuum cleaner? 

A 7 1 do not know of any successful desludgng methods used wlth 
out first emptylng the pond 

Q 8 Is mlcrostralnlng an effectwe method of removlng the type of 
algae that predominate tn pond systems? 

A 8 Probably no other system has been tned so often and farled so 
consistently as has mlcrostralrung In the attempt to upgrade p m d  
emuent '% The commonly occurring speclcs of algae such as Chlnrella 
and Srrnedesumu~ are often smaller than the smallest commercially 
avatlable mlcrostralner aperture of 23 p 

M r  C Macmrie (MSc Student Water Resources Technology Unl- 
verslty of Blrmlngham) 

Q 9 Are pond5 advlsed for comblned e w e r  Fystems I e foul sew- 
age and stormwater and 11 so how IS the problem of surge dealt w ~ t h  
when effluent guarantees have t o  be sven?  

A 9 Ponds are probably more able than most treatment processes to 
accommodate storm water anslng from a comblned system However In 
some ~nstances a storm water overflow pnor to the ponds may he 
advantageous although generally a pond system should be deslgned to 
accommodate storm water flows Overtlow welrs should be included In 
each pond to prevent damage to the embankments The reduced reten- 
tlon tlmes dunng storm flows are offset by the addlt~onal dllut~on 
ava~labie 

The Stage 111 of the pond scheme lnvolved a conversion to an aerated 
lagoon system 
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DESIGN AND CONSTRUCTION DETAILS OF WASTE STABILIZATION PONDS 

1. General 

Th is  paper IS concerned wi th the deeign o f  pond facilrties, t h e ~ r  interac- 
I 

t ion with the  process deslgn and the details of construction. Included in 

the  fac~ l i t ies  desrgn are such factors as the net  evaporatron, p r e c i p ~ t a t ~ o n  

and percolation and mixlng Both these factors have a d i rect  influence on 

the  process desrgn 

A retentron time based on the incoming design flow may be v e r y  d ~ f f e r e n t  

from the qctual due t o  the combrned effects o f  evaporatron, precipitation 

and percolation. There have been cases where ponds have fa~ led  t o  fill 

due to over-destgn resultrng from not  accounting f o r  these factors. such 

problems can be aggravated b y  l n ~ t i a l  flows being v e r y  much less than 

expected due to  over-ambitrops projectrons o f  water usage, rate o f  house 

connections t o  the system o r  s im~lar  factors b u ~ l t - r n  t o  a design The 

policy in New Tealand i s  npver to  allow designs t o  cater fo r  population 

increases o f  more than 25 percent, EDEN (1978). 

The degree o f  mix ing wtthln a pond is  important f o r  three reasons: 

o f ~ r s t l y ,  t he  photosynthetic ac t iv i ty  o f  t he  mixed algal population 

IS great ly  increased when adequate mrxlng i s  provided. Mixing 

may be wind Induced o r  mechanical High fences o r  other wrnd 

breaks too near t o  ponds cause poor performance. 

o secondly, the bacterial breakdown o f  t he  waste IS enhanced b y  

maximum contact wi th the substrate ensured by adequate mrxing 

o thirdly, the  degree o f  mixing is important as th is  affects per for -  

mance THIRUMURTHI (1969) developed a des~gn  approach 

accounting f o r  the degree of incomplete mixing using the dimen- 

sionless d~spers ion number. TIMPANY e t  a1 (1971) emphasized 

the  importance o f  a relatrvely square shape to achieve good 

mixing MURPHY and WILSON (1974) repor t  tha t  the degree of 

mixing IS more dependent upon the pond shape than the  artif lcral 



a e r a t ~ o n  I npu t  over  a g lven  range f o r  an aerated lagoon IWUGO 

and Wl NN l C K l  (1978) under took t racer  s t u d ~ e s  o f  t he  m lx lng  

c h a r a c t e r ~ s t ~ c s  and found  t ha t  t he  mean residence trme o f  a 

rectangular  pond  was s ~ g n r f ~ c a n t l y  greater  t han  t h e  vo lume t r~c  

r e t e n t ~ o n  

The  var lous factors  Included In t he  fac~ l r t l es  d e s ~ g n  a re  l ~ s t e d  b y  LUMBERS 

(1979) as fol lows 

o prec lp l ta t lon 

o ~ n f ~ l t r a t ~ o n  

o evaporat lon 

o o r l e n t a t ~ o n  

o shape 

o pos l t lon 

o confrgurat lon 

Inf low and out f low s t ruc tu res  

embankments 

wave p r o t e c t ~ o n  

mlx lng  

groundwater  level 

s ludge accumulat~on and  removal 

I l n~ng /sea l lng  

f u t u r e  expansion 

2 P r e c ~ p ~ t a t ~ o n ,  l n f ~ l t r a t ~ o n  and Evapora t~on  

T h e  comb~ned ef fects o f  p rec lp l ta t~on ,  evaporatron and r n f l l t r a t ~ o n  must  be  

accounted f o r  In des lgn so t h a t  complete pond  f l l l l ng  IS ensured and t h e  

maxlmurn and rnlnlmum retent ion p e r ~ o d s  o v e r  t h e  year  estrmated Exact 

estimates o f  these parameters and, o f  course, also t he  actual var la t lons In 

t h e  f low o f  waste water ~ t s e l f ,  a re  d ~ f f ~ c u l t  Indeed a preclse d e s ~ g n  would 

cal l  f o r  c o n s ~ d e r a t ~ o n  o f  long-term r a ~ n f a l l  and evaporat lon s ta t ls t lcs  In 

o r d e r  t h a t  s p e c ~ f ~ e d  r e t u r n - p e r ~ o d s  may be  used In d e s ~ g n  

Local r a ~ n f a l l  records a re  no t  always available, however reasonable data f o r  

most loca t~ons  may b e  o b t a ~ n e d  f rom the  UK Meteorolog~cal  O f f ~ c e  o r  a l terna-  

t l v e l y  t h e  US Weather Bureau  A rough  g u ~ d e  t o  w o r l d - w ~ d e  p rec~p l t a t r on  

may be  f ound  In t he  Tlmes At las o f  t h e  World, o r  t h e  Handbook o f  Applred 

H y d r a u l ~ c s ,  DAVIS (1965). 



The rate of percolation Into the subs011 depends on the type o f  so11 and 

the  depth o f  t he  groundwater table. In add~ t ion  the  lnf i l t ra t lon rate 

decllnes with time as the so11 surface at  the pond bottom becomes progres- 

slvely clogged wi th f ine  par t~cu la te  matter and organlc growth. In f ine 

sand fo r  example, an Init ial ln f i l t ra t lon rate o f  15 cm/d may gradual ly 

decllne to  1 cm/d The frequency o f  desludglng and the  accompanying 

scarl fy lng o f  the pond bed will have an influence on the overall cumulative 

loss 

OSWALD (1975) quotes typical losses in Callfornla as belng approximately 

1 27 cm/d ?: 0.63 due to  the combination o f  ~n f l l t r a t i on  and evaporatlon. 

H~ghes t  rates were observed on coarse shale a t  6.4 cm/d, In f lne sand a t  

3 3 cm/d and In heavy s ~ l t y  clay at  1.0 cm/d. 

Oswald also summarises the general aspects o f  an in-site percolation test  

reported b y  McKlNNEY (1970) shown here In Flgure 1. 

2 3 Evaporatlon 

Evaporat~on data are often d ~ f f l c u l t  t o  obtain A knowledge o f  evaporatlon 

loss over the year i s  important as ~t affects.- 

o the  net  retention 

o the maintenance of water depth 

o the concentrat~on o f  pollutants In the pond contents e.g. nl trates 

and phosphates, metals 

Evaporatlon pans may be used and the  results corrected to estlmate lake 

evaporatron 



3 Embankments 

The re  a re  many factors whlch af fect  t h e  des lgn o f  embankments 

o herght 

o so11 s tab l l r ty  

o access requr rements 

o m~nrmrsatron o f  ear thworks 

o wave protection 

o cross-sectron 

Embankment herght IS a func t lon  o f  t he  

o maxlmum deslgn water dep th  

o f reeboard 

o sludge accumulat~on prov ls lon 

T h e  maxlmum water dep th  may be  d lc ta ted b y  a storm water over f low werr 

above t h e  normal water level. 

T h e  freeboard requirement IS de te rm~ned b y  t h e  pred ic ted wave he lgh t  In 

o rde r  t o  p reven t  over- topplng and consequentral embankment damage A 

mlnlmum freeboard o f  0 7 m IS recommended and  1.0 m has been used 

f requent l y  

The  prov ls lon f o r  s ludge accumulation IS typically 200-300 mm and thrs  

should b e  added t o  t he  d e s ~ g n  normal operating water dep th  

3 2 Sorl Stabl l r ty 

Generally embankment d e s ~ g n s  are v e r y  conservative rn t h e  slde slopes and  

c res t  w ~ d t h .  However ~t IS advisable t o  establish t h e  c h a r a c t e r ~ s t ~ c s  o f  t h e  

material t o  be  used r e g a r d ~ n g  i t s  slope s t a b ~ l l t y ,  attainable compaction, 

subsidence potentral, etc. T h e  gurdance o f  a so11 mechanics engrneer IS 



preferable par t icu lar ly  where embankment stabil ising techniques are l ikely 

t o  be needed o r  where seepage problems are possrble In d ~ f f i c u i t  soils 

stabilrsatlon techniques such as, "stabrlrzed earth", "reinforced earth1' o r  

the use o f  fabr ic  membranes may be approprlate. 

3.3 Access Requirements 

For vehlcle access a m~nimqrm width crest w ~ d t h  of about 3 m IS necessary, 

4 m i s  desirable and 5 m preferable for easy access and equipment hand- 

lrng 

3.4 Min~mizatlon o f  Earthworks 

It IS h igh ly  desirable that  the excavat~on o f  material i s  approximately 

matched to  tha t  requrred fo r  constructing embankments Removrng excess 

mater~al  from a slte fo r  dlsposal elsewhere could be extremely costly 

3 5 Wave Protection 

Bank slopes are typical l  y 1 rm 3 t o  1 i n  5 and t h i s  encourages dissrpat~on 

o f  wave energy. It i s  rmportant t o  protect the embankments from erosion 

by wave actlon Protection should extend a t  least 0.3 m above and below 

the  maximum and mrnimum water levels, tak ing into account wave action. 

Pronounced wave action may occur i n  down-wind corners and here the 

bank protection could be requrred to extend full height 

The most common protection methods are stone pttching w ~ t h  75-150 mm 

stones rolled into the surface o r  precast concrete slabs Concrete slabs 

cast in-si tu have been used b u t  can be expensive. Asbestos cement 

sheets have been found t o  crack o r  move Other methods, which are 

simply extensions o f  bottom seal~ng, include asphalt, stabilized earth, and 

plastic o r  butyl rubber  sheettng Slabs must be keyed in t o  prevent 

slipprng and th is  i s  dr f f icu l t  t o  achieve adequately wi th small slabs. Weed 

growth In jornts is  a problem and must be  controlled. 



3 6 Embankment Cross-Sect~on 

A var lety o f  shapes are posslble according to  pa r t~cu la r  needs, Figure 2 

gives some examples A cross-fall on the  crest IS needed t o  p r o v ~ d e  

surface drainage. LUMBERS (1979) glves an example o f  a spec~f ic  design 

o f  an embankment uslng a fabr ic  layer fo r  a pond o v e r l y ~ n g  gravel and 

embankments of clayey sandy s ~ l t  

4 Embankment Construction 

Embankments should be constructed on exist lng ground str ipped of trees, 

shrubs and vegetation. The ground should be prepared t o  accept embank- 

ment fill b y  wa te r~ng  and har row~ng.  

The embankments should be constructed ustng selected cohesive fill mate- 

r ~ a l  from the bu lk  excavations and should be free from organic matter and 

large stones of 150 mm o r  more In diameter. 

The selected f ~ l l  material should be placed on successive layers about 

200 mm thlck, watered b y  bowser and then harrowed to  mrx t he  fill and 

water together Watering and harrowing should be sufficient t o  ralse the  

molsture content t o  w ~ t h l n  2 percent of the optimum f o r  the  compactlon of 

the particular material. Prlor t o  the appl lcat~on of f u r t h e r  layers, each 

layer should be compacted b y  ro l ler  to  obtain an In s l tu d e n s ~ t y  of 95 

percent of the maxlmum attainable In the standard compactlon test Test 

12, BS 1377 : 1975 The In s l tu denslty o f  representative samples should 

be measured i n  accordance wi th Test 15(A) BS 1377 . 1975 o r  b y  other 

approved methods The surface o f  the embankment d u r ~ n g  construction 

should be watered t o  prevent  d ry lng  and keep the same mo~s tu re  content 

as at  t he  tlme of placlng 

A t  the beginning of construct ing the  embankments t r la ls  should be made In  

order  t o  determine the  best method of operatton wl th respect t o  placlng, 

watering, harrowing and compactlng (number o f  rol ler passes r e q u ~ r e d )  In 

order  to  achieve the specified denslty of t he  compacted material 



Where pipes are constructed through embankments particular care should 

be taken to  ensure thorough compaction on back - f~ l l i ng  the  t rench o r  

around the plpe as the embankment rises. 

5 Sealing 

The requlrements fo r  sealrng the base of ponds should be considered In 

the l lgh t  of the potentla1 groundwater po l l u t~on  and the importance o f  

percolation losses t o  the operation and performance o f  the system A 

knowledge is  r e q u ~ r e d  of the subsotl, the groundwater level and ~ t s  f luc-  

tuatlons and the  locally ava~lable seallng materials such as clay. 

base, sealed ponds must be f l l led qulck ly  and malnta~ned full 

In jareas where the ground water level can r lse rapld ly  above the level o f  t he  pond 

The en t ry  of sa l~ne water lnto ponds can cause the  reduction o f  sulphates 

t o  sulphldes ~f more than 5% salt IS present. Saltwater c$n Inf i l t rate ln to 

pond systems In coastal areas o r  through the sewer system and justify 

bottom seallng . 

5 1 Clay Layer Seallng 

The cost o f  syn the t~c  seal~ng materials IS p r o h ~ b l t i v e  i n  many countrtes and 

clayey so11 mater~al  may be used where available Such mater~al  should be 

l a ~ d  i n  layers o f  200 mm u p  t o  a thickness of 1000 mm as necessary The 

pond base may be  rendered more durable b y  r o l l ~ n g  on stones of a slmrlar 

slze used fo r  protecting embankments, b u t  th ls  IS no t  essential Where 

exposed gravel under l~es  the  pond then ~t may be necessary t o  use a 

fabr lc  membrane on top o f  t he  gravel cover b y  a sand layer p r io r  t o  

placlng seallng material t o  prevent part lc le m ~ g r a t ~ o n .  The f a b r ~ c  should 

be a synthetic permeable membrane such as "Terram" and should be man- 

handleable and stored out  o f  d l rect  s u n l ~ g h t  

Bentonite IS a form o f  clay whlch expands when wet and fills the v o ~ d s  in 

a coarse soll. Where ~t IS locally available ~t may be econom~cally attract lve 

used as a 25-50 mm skin o r  m ~ x e d  w ~ t h  so11 In  a 5-10% mix. 



So11 s tab~ l l za t~on  o r  stab~lrzed earth can be one of t he  most economlc al ter- 

natives where seal~ng o r  l ~ n r n g  IS essent~al. A cement mlxture with so11 o f  

about 5-10% IS mrxed to  form a surface layer of 150-300 mm th ick  The 

layer IS then rolled and the natural ground molsture sets the  mlxture 

The actual proport ion of cement r e q u ~ r e d  should be determ~ned b y  slte 

t r ~ a l s  and In some cases r t  may be necessary to  Import surtable sorl f o r  the 

mixture The r e s u l t ~ n g  l lnlng IS permanent and f a c ~ l ~ t a t e s  sludge removal 

w ~ t h o u t  damage 

5 3 Asphalt Sealrng 

Asphalt may be app l~ed  either as a layer contalnlng aggregate (perhaps 

from road repa~rs )  o r  as a spray onto f ine g r a ~ n e d  so~ ls  Spray appllca- 

t ~ o n s  are much less expenslve b u t  do not  of fer  the st rength o f  a conven- 

t~ona l  pavlng layer In hot  areas problems w ~ t h  so f ten~ng and consequent 

damage are to  be expected 

5 4 Synthetrc Llnrngs 

These l rn~ngs  Include polyethylene, PVC, frbre-glass mats and bu ty l  r u b -  

ber  Al l  these are expensive and should only be considered where ef f i -  

cient seal~ng IS essential and the  so11 condi t~ons ru le  out  other chorces o f  

seal~ng methods Bu ty l  rubber  has been successfully used fo r  a var iety o f  

wastes 

6 Inlets, Outlets and Transfers 

6 1 Inlets 

For small ponds o f  say less than 3 ha an in let  plpe about 30 m long on 

plers IS commonly used. The end o f  the pipe IS of ten f ~ t t e d  w ~ t h  a down- 

ward p o i n t ~ n g  bend d ~ r e c t e d  onto a concrete p l ~ n t h  I n  order  t o  d~sperse 

the settled sludge as evenly as poss~ble. The d e s ~ g n  of out let bends has 

not been thoroughly evaluated and a slmple horizontal o r  s l ~ g h t l y  lncllned 

outlet would probably be just  as adequate The cost o f  pipe bends can be 

ve ry  s ~ g n r f ~ c a n t  and from a process p o ~ n t  of vrew u n j u s t ~ f ~ e d  



Larger ponds tend t o  use multrple rnlet arrangements wrth prpes laid on 

the pond base. 

In let  plpes should be poss~ble to  d r a ~ n  b y  gravr ty  and would benefi t  from 

a s l ~ g h t  gradlent of 1 In 200-300 The plpes should be designed t o  

achreve a self-cleans~ng ve loc~ ty  of at  least 0.6 m/s and preferably 1.0 m/s 

at  least once o r  twrce a day. 

The prpe materral should be selected to  be resrstant agalnst rnternal and 

external corrosron, w ~ t h  surtable protectrve surrounds as necessary 

6 2 Outlets 

Outlets may erther be a weir chamber constructed ~n the embankment o r  a 

manhole wrthrn the pond rtself An adjustable werr i s  preferable In order  

t o  g ive operational f lex~br l r ty  and a low level dram-down faci l i ty IS 

r e q u ~ r e d  fo r  - all ponds rn which desludg~ng is lrkely to  be requ~red .  

F l e x ~ b i l ~ t y  in the level of out let draw-off IS desrrable as the level w ~ t h  

min~mum algal content may be selected. 

Scum boards are essentral to  protect outlet weirs and should be about 

500 mm deep 

Pond outlets should be sited at  the u p w ~ n d  srde o f  a pond ~f poss~ble t o  

help avord s h o r t - c i r c u ~ t ~ n g  and scum accumulatron at  the outlet. 

The use o f  penstock should be avo~ded rf possrble, espec~ally screw pen- 

stocks. 

6 3 Transfers 

A t  the i r  most s~mple transfers from one pond t o  another are open ended 

pipes l a ~ d  through the  drvrdrng embankment. Alternatively channels with 

the  f a c ~ l r t y  t o  place stop-logs may be used whrch have the advantage of 

berng able to  control water level in the previous pond and also shut-off 

flow f o r  marntenance Scum boards are d r s ~ r a b l e  t o  prevent ca r ry  forward 

of f loatlng materral. 



7 Shape and Conf igurat ion 

Rectangular ponds w i t h  rounded  corners  p rov i de  t h e  bes t  mrxrng and 

reduce sho r t  c i r c u i t ~ n g  Ponds over  12 ha  a re  n o t  p re fe r red  due  t o  t h e  

excessive wave act ion l i ke l y  t o  be  encountered 

Two separate streams o f  f low a re  desrrable f o r  marntenance and rntercon- 

nectrons p r o v ~ d e  operational f l e x ~ b r l ~ t y  

8 Maintenance 

"Ponds a re  an  economic means o f  p r o v r d ~ n g  sewage t reatment  f o r  small 

and  medrum sized communities T h e  requirements f o r  good workman- 

sh ip  In const ruct ion must  n o t  be underestrmated. T h e y  should be  

t rea ted  as permanent un i t s  wh ich  requ i r ed  regular ,  i n t e l l ~ g e n t  marn- 

tenance" 

M ~ n ~ s t r y  o f  Works & Development, Wellington, New Zealand 

Ponds should be  f r t ted  as soon as poss~b le  t o  p reven t  weed g r o w t h  and 

water dep ths  o f  a t  least 1 0 m t o  avo id  ta l l  rooted p lan ts  es tab l~shrng  

themselves 

T r e e  and  s h r u b  g r o w t h  In t h e  v i c i n i t y  should be  kep t  low t o  avo id  a 

reduc t ion  rn w ~ n d - ~ n d u c e d  mix ing  

Most ponds should b e  v ~ s i t e d  a t  least once a week and  t h e  fol lowrng ac t i v i -  

t ies  under taken  

o remove f loatrng d e b r ~ s  

o keep s t r uc tu res  (rnlets, out le ts  and t rans fe rs )  clean and f ree  

f r om g r o w t h  

o remove debr i s  washed-up o n  banks 

o repa i r  bank  erosion 

o con t ro l  vermln ( r a t )  i n f es ta t~on  

o check and repa i r  fences 

o clear banks o f  excessive weed g r o w t h  

o marntaln any  b u i l d ~ n g s  

o grease mechanrcal equipment 

o pa ln t  m a c h ~ n e r y  as necessary 

o keep e f f l uen t  channel c lear 



It has been shown that  keep~ng the banks and shallow areas f ree from 

weed growth reduces the potent~a l  mosqutto breedtng problem to acceptable 

levels t f  no t  completely, LEODOLFF, C. J (1963) 

As a general ru le  ponds should not be sited nearer than 300 m from hous- 

Ing areas and where anaerobrc ponds are used considerably more than th is  

depending on the sens i t~v i t y  o f  the area Ideally ponds should be  down- 

wind o f  populated areas to reduce smell nulsance whlch IS Inevitable occa- 

stonally 

Flat exposed s ~ t e s  are preferable t o  o b t a ~ n  maxlmurn s u n l ~ g h t  and w ~ n d -  

mixing. 

10. Miscellaneous 

10.1 FenclnQ 

Pond sttes should be securely fenced to  prevent access b y  chi ldren o r  

ltvestock 

10 2 Warnlng Nottces 

Warning notrces must be erected at  regular dtstances stressing the danger 

of the contents fo r  any k lnd  of domestic o r  uncontrolled trrtgatron 

10 3 Flood Protection 

Where ponds are stted In low ly ing  areas o r  wadis, care must be taken to  

pretect against po tent~a l  flood damage 

10.4 Flow Measurement 

Some form of flow measurement IS h ighly destrable t o  assist in operat~onal 

management and forward p lann~ng.  ' V 1  o r  rectangular notch wetrs provide 

a s~mple means o r  alternatively flumes may be used but the l iners are 

expensive and prone to  damage. Inlet and outlet flows should be measured 

to assess losses. 



10.5 Staff Facilities 

A b u ~ l d ~ n g  should be prov~ded to store tools and equ~pment, keep plant 

records, carry out rout~ne tests if requ~red and prov~de a wash~ng f a c ~ l ~ t y  

for staff 



Reference polnter Water level restwed dally 

min d ~ a m  200 mm 

Undtsturbed 

Clayey soil sealer 

' ~ g h t l ~  tamped 
pond l~ning 

Tentative deslgn rate (mm/d) 

IN -S ITU  PERCOLATION TEST 8 DESIGN CURVE 



Figure 2 

Examples of Embankment Crocrs-sections 
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These ponds are either used as the final stage in a series of anaerobic, 

facultative, aerobic ponds or to improve the quality of the effluent from 

a conventional wastewater treatment works. They are used 

(i) for further lowering the BOD of the effluent; 

(ii) for reducing the bacterial count in the effluent; 

(iii) for further recovering suspended solids from the 

effluent of a conventional treatment unlt; 

(iv) for oxidising annnonia to nitrate (nitrification); 

(v) for recovering the nutrients, phosphates and nitrates 

from the effluent. 

When employed to further reduce the BOD in the effluent maturation ponds 

continue the work of the facultative ponds. The first-order, complete-mix 

equation 

can be used to calculate the BOD reduction to be achieved (1.2.3.4.5.). 

As matqration ponds are usually built in series this equation can be 

modified to 

where Le = BOD of effluent from the maturation pond (mg/l) 

Li = BOD of in£ luent to the maturation pond (mg/l) 

k = reaction coefficient (d-*) 

n = total number of ponds 

t - total nomlnal retention time in the ponds (dl) 

The results for BOD removal can be complicated by the presence of algae 

in the effluent. The results calculated are only for 'soluble' BOD. The 

presence of algae can increase this result, greatly. 

Removal of bacteria 

The lowering of the bacterial count in the wastewater is achieved as a 

result of 

(i) the bacterrcidal effect of the U.V. light in the sun's 

radration; 



(ii) the presence of natural predators in the water 

(particularly protozoa); 

(111) the result of holding intestrnal bacteria in a foreign 

and unfavourable environment. 

The die-off of intestinal bacteria is also supposed to follow first-order 

kinetics (4.5.) and hence 

where Ne = bacterial count In the effluent from the ponds 

Ni = bacterial count in the rnfluent to the ponds 

kb = the first-order rate constant for bacterial die-off 

Maturation ponds can be very effective at reducing the numbers of 

intestinal bacteria. The rate of removal is greatly affected by an 

increase in temperature. In a series of four ponds with a total nominal 

retention period of 86 hours in the limited temperature of an English 

s m e r  the E. coli count was reduced from 2 x 104/100 ml to 800/100 ml 

and the faecal streptococci from 8000/100 ml to 10/100 ml (6). This 

reduction would be greatly increased in a hotter climate. 

ReducatLon of suspended solids 

Maturation ponds can be used for reducing the concentration of suspended 

solids in the effluent from a conventional sewage treatment works. If 

employed for this purpose the nomnal hydraulic retention time will be 

limited to a few hours - perhaps 24 at the outside - to prevent the 
development of algae which would increase rather than reduce the suspended 

solids in the water. 

Oxidation of ammonia 

Ammonia in an effluent can be dangerous when discharged to surface water. 

Ammonia is very toxic to fish-life, even in very low concentrations. For 

this reason ammonia in wastewater is normally oxidised to nitrate during 

treatment. Thrs is known as nitrification and is brought about by 

bacterial action. In most conventional treatment works, and in facultative 

ponds, in warm climates this oxidation should be complete, However, if the 

works are overloaded or if the temperature is low there might still be an 

appreciable concentration of anrmonia in the effluent discharged. If this 

is so then maturation ponds can be employed to increase the total nomnal 



retention period, to allow time for the nitrifying bacteria to develop and 

operate and hence to achieve the required nitrification. 

Removal of nutrients 

Both phosphates and nitrates are removed from the water in maturation by 

the development of algae. These nutrient salts are used in the creation 

of new algae cells. This is called an anabolic process. However, most 

of the nitrate removed during maturation pond treatment is the result of 

'denitrification', and most of the phosphate is removed by precipitation. 

Denitrification occurs when bacteria in the water employ the oxygen 

contained in the nitrate ion (NO$) for their metabolic (l~ving, feeding, 

growing) processes. Nitrogen gas is then given off to the atmosphere. 

Precipitation of the phosphate occurs as the hydroxyapatite (7) as the pH 

in the water increases dally under the influence of the photosynthetic 

action of algae. In addition to these methods there can be a drastic 

reductlon in the phosphate and nitrate content of pond water if water- 

hyacinth (Eichornia crassipes) is grown in the maturation pond. 

Mosquitoes 

The development of mosquitoes can be a nuisance and danger in maturation 

ponds. This is particularly so if malaria is endemic in the region. In 

these situations extreme care must be taken that the risk of breeding 

mosquitoes in the ponds is minimised. This risk can be reduced by 

(1) placing concrete slabs around the water's edge (1.0m above 

and below the water-line) to prevent the growth of weeds 

and reeds in which mosquito larvae can exist; 

(ii) using synthetic membranes, or other sealing devices, above 

and below the water-line around the pond; 

(iii) continually cutting and removing weeds and reeds that grow; 

(iv) stocking the ponds w ~ t h  fish that will eat the larvae and 

the weeds; 

(v) spraying with herbicides (not generally recommended). 

Several species of fish can be employed to prevent the development of 

mosquito larvae in ponds. Perhaps the most commonly used is the species 

Gambusia affinus (the mosquito fish) which eats the larvae. Several types 

of carp have also been employed but the best species to use can often be 

the Tillapia which eats the weeds and has been successfully used for keeping 

irrigation canals and ditches in parts of the southern United States free 

... / 



from weeds (8.9.). T i l l ap la  i s  a lso  a good source of food protein and 

has been known t o  produce a nine-fold increase i n  weight i n  only three 

months (8.) .  

Depth, number and s i z e  

As maturation ponds should be f u l l y  aerobic and a s  there 1s no intense 

oxygen demand, comparable with t h a t  of a facultative pond, the ponds could 

be constructed with a greater  depth. However, because i t  i s  necessary t o  

make use of the Ultra-Violet l l g h t  i n  the so la r  radiation as  a disinfecting 

medium, i t  1s  usual t o  r e t a i n  the same depth of 1.5m which i s  comon fo r  

f acu l t a t ive  ponds. 

Unlike f acu l t a t ive  ponds i t  i s  usual t o  bui ld a number of maturation ponds 

i n  se r i e s .  The greater  the number of ponds i n  s e r i e s  the closer  the flow 

pat te rn  approximatesto the e f fxc ient  plug-flow regime, and the b e t t e r  the  

r e s u l t s  ach~eved.  It  is ,  however, more cost ly t o  bui ld a number of small 

ponds ra ther  than one o r  two la rge  ponds so a compromise of three o r  four 

ponds i n  se r i e s  is normally selected. This r e s u l t s  i n  e f f i c i e n t  operation 

a t  not-too-great a cost.  



References 

1. Vincent, J.L., Algie, W.E. and Marais, G.v.R. A system of sanitation 
for low cost, high density housing. In: Proceedings of a symposium 
on hygiene and sanitation in relation to housing, Niamey, 1961, London, 
comission for technical co-operation south of the Sahara (publication 
No 84) pp 135-172. 

2. Marais, G.v.R. and Shaw, V.A. A rational theory for the design of 
sewage stabilization ponds in Central and South Africa, Trans. S. Africa, 
Instn. (Civ Engrs 2, 205-227, 1961). 

3. Van Eck, H. Theory of stabilization ponds and its implication on their 
designer and operation, Trans. S.A. Conf., S.I.R., Pretoria, Sept 1966. 

4. Mara, D.D. Process design of sewage lagoons. Paper presented at semnar 
on sewage treatment held on 16 November 1973 at Unxversity of Nairobi, 
Kenya. 

5. Mara, D. 'Sewage Treatment in Hot Climates', publ. Tiley-Interscience, 
1976. 

6. Toms, J.P., Owens, M.,Hall J.A. and Mindenhall, M.J. Observations 
on the performance of polishing lagoons at a large regional works. 
Inst. Wat. Pollut. Control, 76, (4), 383-401, 1975. 

7. Notes on Water Pollution Control No 63. Treatment of secondary sewage 
effluents in lagoons. Dept. of the Environment, Dec. 1973. 

8. Hauser, W.J., Legner, E.F., Medved, R.A. and Platt, S., Tillapia - 
a management tool for biolo$ical control of aquatic weeds and insects, 
Fisheries - 1 (2). 15-16, 1976. 

9. Schreider, G., Some effects of stocking fish in waste-treatment ponds, 
Water Research - 9, 591-593, 1975. 



PAPER 16 

A W E ,  HIGH-UTE TJlEAIIIEWT, ALGAE REMOVAL AND HARVESTING 

nr K.V. ~ 1 1 i a  
WHO Short Term Conrultant* 

Lecturer i n  Environmental Health Engineering, Univerrity of Technology, 
Loughborough, UK 



Algae, Hlgh-ra te  Treatment,  Algae Removal and Harves t lnq  - - 

Algae a r e  n e a r l y  invariably presen t  i n  facultative and ae rob lc  
s tab: l lza t ion  ponds. They add l a r g e  q u a n t l t l e s  of  d l s so lved-  
oxygen t o  t h e  wa te r  dur ing  t h e  day a s  they respond photo- 
synthetically t o  s u n l i g h t ,  b u t  a t  n i g h t  they withdraw oxygen 
from t h e  wa te r .  They a l s o  encourage thermal stratification. 

In  ~ L ~ b l l i z a t i o n  ponds t h e  development o f  a l g a e  i s  t h e  r e v e r s e  
of t h e  normal b i o l o g i c a l  breakdown - o r  purification - of 
complex o r g a n l c  materials. 

Wlth t h e  normal a e r o b l c  b ~ o l o g i c a l  stabilization of l a r g e ,  
complex, u n s t a b l e  o r g a n i c  molecules of  p o l l u t i o n  ( t h e  process  
of purification) t h e s e  organic  m a t e r i a l s  a r e  broken down I n t o  
s m p l e ,  s tab!e i n o r g a n i c  compounds such a s  carbon d iox lde ,  
water ,  s u l p h a t e s ,  phosphates,  e t c .  The development of a lgae  
i s  t h e  r e v e r s e  of  t h l s  process  i n  t h a t  t h e  s imple ,  s t a b l e  
lnorgan lc  compounds such a s  nitrates, phosphates end carbon 
d iox lde  a r e  used t o  form t h e  complex o r g a n l c  m a t e r i a l s  t h a t  
make up a l g a l  cells. 

In  t h e  e f f l u e n t  from a s t a b r l r z a t l o n  pond t h e  a l g a e  r e p r e s e n t  
an additional and unwanted source  of  BOD. A s  t h e  a l g a e  d i e  
t h e  c e l l s  w i l l  be  decomposed by o t h e r  a e r o b i c  microorganisms. 
This  w i l l  c r e a t e  an a d d i t i o n a l  oxygen demand t h a t  is  d i f f i c u l t  
t o  q u a n t i f y .  A s  a  r e s u l t  a l g a e  i n  t h e  e f f l u e n t  from a 
s t a b i l i z a t i o n  pond a r e  a  l i a b i l i t y  t o  t h e  r e c e i v i n g  stream. 

As a lgae  i n  t h e  e f f l u e n t s  do r e p r e s e n t  a  major d isadvantage  
va r ious  t echn iques  have been considered  f o r  removing them. 
These t echn iques  i n c l u d e  s e v e r a l  types  of sand f i l t r a t i o n  
( r a p i d ,  slow, i n t e r m i t t e n t ) ,  continuous b e l t  f i l t r a t i o n ,  
microscreening,  chemical  coagula t ion  fo l lowed by d i s s o l v e d - a i r  
f l o t a t i o n ,  and t h e  application of c h l o r i n e .  

Rapid sand f i l t r a t i o n  i s  only  e f f e c t i v e  f o r  a l g a e  removal i f  
t h e  wa te r  i s  p r e - t r e a t e d  e i t h e r  wi th  alum o r  w i t h  magnesium 
hydroxide ( 1 . 2 . ) .  Slow sand  filter^ qu ick ly  b lock ,  rnicro- 
sc reen ing  has  proved t o  be  l a r g e l y  i n e f f e c t u a l ,  cont inuous  
b e l t  f i l t r a t i o n  i s  r e l a t i v e l y  c o s t l y  and complex ( 3 1 ,  t h e  
u s e  of  c h l o r i n e  can be  dangerous a s  w e l l  a s  c o s t l y  ( 4 1 ,  
chemical c o a g u l a t i o n  fol lowed by d i s s o l v e d - a i r  f l o t a t i o n  i s  
e f f e c t i v e  b u t  complex and c o s t l y .  F i sh  a r e  o n l y  p a r t i a l l y  
e f f e c t i v e .  

On t h e  whole, because  o f  t h e  c o s t  and complexity o f  t h e  
a v a i l a b l e  t e c h n i q u e s  f o r  a l g a e  removal, it is normally cons idered  
t o  be n o t  wor th  t h e  e f f o r t .  I t  is  normally concluded t h a t  a l g a e  
i n  t h e  e f f l u e n t  from m t a b i l i z a t i o n  ponds are an e v i l  which must 
be  l i v e d  wi th .  

There a r e  however a few simple techniques  f o r  t h e  removal of 
a l g a e  which on occas ions  can be e f f e c t i v e .  The f l r s t  o f  t h e s e  
i s  t o  u s e  a v a r i a b l e  l e v e l  d i scharge  s o  t h a t  i f  a l g a e  a r e  p r e s e n t  
i n  t h e  f i n a l  pond a t  o n l y  one d e f i n i t e  l e v e l  then  t h e  e f f l u e n t  
can be withdrawn from a d i f f e r e n t  l e v e l .  Then, i n  some s i t u a t i o n s ,  
i t  1s p o s s l b l e  t o  r e t a i n  t h e  e f f l u e n t  i n  t h e  f i n a l  pond u n t i l  
t h e  a l g a l  bloom d i e s  o f f .  This  technique  can be  u s e f u l  i f  t h e r e  
1s an a p p r e c i a b l e  p e r i o d  o f  c o l d  weather  d u r i n g  t h e  y e a r  and i f  
t h e r e  is  e x c e s s  c a p a c i t y  i n  t h e  f i n a l  pond. 



; t ~ t - e r ,  ir~ost c!fectL\'e, T , C ~ ~ I S  of reii~c~nc t P r c  i c r (  - - 
c i  zlrde In an effluent 1s to alloh a  SIC*^^, c f  - d t c i  k j i - . - -  
(F>cbhoinla crasslpes) lc trde last p c n c  ~i the trczt--nt 
Si~leS ( 5  6). hater hqaclnth 1s the fastest glorlng 1 1  -,L 

hr~own and wlll q41ckly cover the whole pond area 3 f t k ~  a t 1  I 
temperature 1s above ZlOC, although lt is senslt~ve to llgr, 
salAslty water. Reduction of the algae concentratlons of o v r r  
90% have been recorded. However, Eichhornla crasslpes 1s ;-a 

environmental hazard in many parts of the world and shoul3 n c t  
be introduced xnto areas in whlch ~t does not already erlst, 
but In those countries in whlch the water hq~clnth 1s alrcd~y 
prtsint ~t can conveniently be used to remove algae 

Hlgh-rate ponds and the culture of algag 

In several parts of the world (Florida, Thailand, I s V d c -  
The Philippines, Singapore) lnvestlgatlons have t>eer, cdi - i 

out into the possibility, not of discouraging the growtn c . 
but of encouraging their growth so that they mlght be k v c . > +  
separated from the effluent, dried and used as a sodrre c: , , 
protein cattle, poultry or flsh food 

This has been done by using shallow ponds (200-600mm) w - t i -  
limited retention periods (1-3 days). In &sway the I-ass  cf 
algae produced has been greatly increased up to :he ranyc oi 
20 to 40 g./m2.d ( 7 ) ,  although the effluent has not r ~ c r s s i l - 7  :, 
been of a good qual~ty. Trouble has been e~>coLr tered a u -  r tr 
presence of predators such as the claaocera Moxna which !i,-\. L c 
ablllty of clearing a pond completely of algae In a verq s r ~ c ~ l -  
tlme One of the problems currently 1s the rapld rate of ctz:: 
of the predominant species of algae whlch can lead to hartestll 
dlff icultles. In Singapore investlgatlons are noh In nr6 1 r c  
(1981) into the possibility of producing a slngle, constant 
dominant strain of algae, such as micractinium, which will be 
readily harvested. 

Separation of the produced algae from the effluent (harvestlnc) 
is readily achieved employing the c~agulant alum,together with 
acid to reduce the pH to between 6.0 and 6 5 ,  followed by 
dissolved-air flotation. Other coagulants such as magnesium 
hydroxide on the natural floc~ulant chltosan (9) have been 
successfully used. 

Dissolved-air flotation together with a suitable coagulant will 
result ln the production of an algal sludge containing 76 to 
9 h o l i d s  ( 7 ) .  Thin 1s then best treated by centrzfuglng to 
produce 15% solids and than by drum drying to produce 906 solids. 
Alternatively the 7% to 9% float can be solar dried by spreading 
on porous cloth and covering with a plastic sheet whlch permlts 
the circulation of air while allowing the temperature of the mass 
to rlse. Unfortunately solar drying does not rupture the tough 
walls of the algal cells as effectively as drum drying. Cell 
rupture allows the proteinaceous contents to escape and become 
available for animal nutrltlon. If the cells are not ruptured 
then monogastrlc animals are not able to utilize efflclently 
the algae as a food supply 
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Design Exercise 

In the development of a new town (A) a site of approximately 26 

hectares has been set aside far the treatment of a11 the wastewaters 

produced from the residehtial and comnercial areas and from the industrial 

complex. This site is of a rectangular shape, being about 867m in 

length by about 3 W m ,  and is itmediately adjacent to the northern 

boundary of the middle density housing eetate. The contours of the site 

are shown in figure 1. 

Two distinct streams of wastewater will be received at this site. 

One stream will be from the residential and cnmnercial areas and the 

other from the industrial development. Details of flows and of water 

qualities are given in table 1. 

The effluent from the wastewater treatment works will be discharged 

into the local river. Because of the relatively low flow in the river, 

and as a result of the demands on it for drinking water, irrigation and 

industrial abstraction the conditions of discharge are strict (See table 2). 

The tdvn water supply will have a relatively high salinity of 

600 mg/l of which 200 mg/l will be sulphate. Amoebic dysentery, human 

round-worm (Ascaris), malaria and schistosomiasis are endemic amongst 

the local population. 

There vill be electrical power available at the site but it is 

expected that this will not be completely reliable and will be subject 

to frequent breakdowns which might last for up to four hours. Initially 

there will be little ski-lled labour available locally. 

Produce a design for a suitable wastewater treatment works which 

can consistently achieve the standard of effluent required. This will 

include all necessary details of flow, retention period, tank or pond 

sizes, depths, shapes and orientation, purification.expected in each 

section, pre-treatment (if required), simple construction details, inlet 

and outlet designs, but will neglect structural considerations of any 

concrete or other structures considered necessary. 



Table 1 

The sewage flow from the residential and commercial areas can 
be separated into three sections. 

Low density housing 

2,500 pereons 
350 1itreslperson.d water consumption 
77 g1persoa.d BOD 

Medium density housing 

7,500 persons 
190 litres/person.d water consumption 
55 g/pereon.d BOD 

High density housing 

40,000 persons 
50 litreslday sewage flow 
42 g1person.d BOD 

Concentration of Col~form bacteria in combined residential plus 
comercial flow - 12 x ~O'/IOO ml. 

Industrial wastewater 

Daily flow 350 m3 
BOP 2675 mgll 
COD 5400 mg/l 
Suspended solids 800 mg/1 
Volatile suspended solids 600 mg/l 
PH 4.0 to 9.5 
Combined nitygen 67 mg/l 
Total phosphorus 26 mg/l 
Concentration of Coliform bacterra in industrial flow = 1.05 x 1p6/100 ml. 
Soluble sulphide - up to 25 mg/l 



Table 2 

Wastewater Treatment Works 

Maximum Discharge Conditions 

Biochemical Oxygen Demand 15 mg/l 

Suspended solids 10 mg/l 

Oxidised nitrogen 15 mg/l 

Ammoniacal nitrogen 2.0 mg/l 

Dissolved oxygen 5.0 mg/l 

PH 6-8.5 

Coliform bacteria 100/100 ml. 



Figure. - I. 
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OPERATION AND MAINTENANCE OF STABILIZATION PONDS 

One of the p r inc ipa l  advantages of s t a b i l i z a t i o n  ponds i s  the very l imited amount 
of operation and maintenance required. Once the  pond system i s  i n  use, there is 
very l i t t l e  t h a t  the  operator  can do t o  a l t e r  or improve the s i t ua t ion .  There is 
a l s o  very l i t t l e  general  maintenance t h a t  1s required. 

I f  the  pond system possesses przliminary treatment processes, i . e .  g r i t  removal and 
screening, then much of the  operators time w i l l  be involved i n  cleanlng these u n i t s  
and keeping them f r e e  from blockages. Grit-channels, which are always constructed 
i n  p a r a l l e l  so t h a t  one may be r ead l ly  taken out of operation f o r  cleaning, w i l l  
r equ i r e  regular  de-gri t t ing.  The period between grit-channel cleaning w i l l  depend 
on loca l  conditions and w i l l  only be l ea rn t  from experience. Usually t he  g r i t  
removed w l l l  be clean enough f o r  d i sposa l  a s  land-f i l l ,  bu t  occassional ly i t  w i l l  
be necessary t o  bury it. 

I n l e t  screens, when employed, w i l l  almost ce r t a in ly  have t o  be cleaned by manual 
raking. Screens can block quickly and hence a c lose  watch must be kept on them. The 
number of times i n  a day t h a t  screens have t o  be cleaned w i l l  again depend on loca l  
conditions of waste water flow and quant i ty ,  but of ten  t h i s  w i l l  have t o  be  carr ied 
out  every hour. With extensive pond works deal ing with flows f r m  la rge  towns an 
operations s t a f f  may have t o  be employed a t  n ight ,  i f  manually cleaned screens a r e  
i n s t a l l ed .  T h s  is not  a good idea and should be  avoided i f  a t  a l l  possible.  A l l  
screening must be buried. The digglng of s u i t a b l e  p i t s  can be the  most labour 
in tens ive  job associated with pond operat ions and one which, i f  no t  adequately 
supervised, w i l l  be most disregarded. However, i t  is  e s s e n t i a l  t h a t  a l l  removed 
screenings be properly buried and covered with a t  l e a s t  one-metre depth of ea r th  t o  
prevent access by rodents and f l i e s .  

I f  screens a r e  not  employed, and p a r t i c u l a r l y  i f  t he  f i r s t  pond i s  a f acu l t a t i ve  pond, 
then f loa t ing  deb r i s  and scum are l i k e l y  to  accumulate on the pond surface and must be 
frequent ly removed. Removal i s  essent ial ,  t o  prevent f l y  and odour nuisance and t o  
al low f o r  the maximum poss ib le  re-aeration of the pond d i r e c t l y  from the  atmosphere. 
Removal is best  achieved by employing long-handled rakes t o  reach f l o a t i n g  mater ia l  
a s  i t  f l o a t s  near  t o ' t he  banks. Occasionally a boat can be used t o  d i r e c t  the scum 
and f l o a t i n g  d e t r i t u s  towards the  banks. Again, as  with screenings, a l l  f l o a t i n g  
d e t r i t u s  removed rmst be adequately buried. 

Where grit-removal channels a r e  n o t  incorporated as a preliminary process,  the g r i t  
and sand w i l l  s e t t l e  ou t  imnediately under t he  i n l e t  pipe. I n  f a c u l t a t i v e  ponds a 
shallow p i t  i s  f requent ly  dug imnediately under the  i n l e t  t o  receive t h i s  g r i t  and 
t o  de lay  the  formation of an i s l and  on which reeds and weeds can grow. However, 
per iodica l ly  t h i s  accurmlation of g r i t  must be removed. This is  b e s t  accomplished 
by draining the pond and manually removing the deposited g r i t .  I£ poss ib l e  a l l  
s t a b i l i z a t i o n  ponds should be designed t o  be r ead i ly  drained. G r i t  removal w i l l  be 
necessary perhaps only every two years,  or even longer, but  i t  w i l l  become necessary. 



Draining the  ponds i s  a l s o  of importance i f  accumulated sludge has t o  be removed. 
This w i l l  be necessary,  in f requent ly ,  with both anaerobic and f a c u l t a t i v e  ponds. 
Initially t h e  superna tan t  water has t o  be drained off  or pumped of f  and then the  
sludge l aye r  allowed t o  d r y  before  being removed e i t h e r  by mechanical means o r ,  
p re fe rab ly ,  manually. I f  t h e  sludge l aye r  i n  an anaerobic pond i s  deeper than 
about 1.0m d i f f i c u l t y  can be egcountered i n  drying i t  out adequately. Frequently 
a th ick  dry layer  is  produced on the  surface,  but with  seml-liquid s ludge s t i l l  
ex i s t i ng  beneath. T h i s  can make manual removal very  difficult. I n  such a 
s i t u a t i o n  x t  i s  o f t en  b e t t e r  t o  pump out  o r  bucket out the l i q u i d  sludge i n t o  a 
shallow drying a r e a  immediately following the  removal of the  supernatant  water. 
The f i n a l  d l sposa l  of t h e  sludge should be ca r e fu l l y  cont ro l led ,  e s p e c i a l l y  i n  
areas  i n  whxch p a r a s i t i c  d l s ea se s  such as  amoebic dysentery,  human round work or 
hook-worm are endemic. Storage of t h e  sludge f o r  an appreciable  per iod ,  which 
should be a t  l e a s t  s i x  months and p re f e r ab ly  twelve months, i s  e s s e n t i a l  t o  
prevent re-cycl ing t he se  p a r a s i t e s  t o  t he  population i f  the  sludge i s  going t o  be 
f i n a l l y  disposed of f o r  a g r i c u l t u r a l  purposes. 

The presence of weeds and reeds i n  t h e  shallow water along the  banks can lead t o  
the  production of mosquitoes and f l i e s .  Such vege ta t ion  should be r egu l a r ly  
and f requent ly  cu t  and removed. This  is perhaps t he  p r inc ipa l  marntenance task 
necessary a t  many pond s i t e s .  The removed vege ta t ion  is  d r i ed  and burned, i f  
poss ib le ,  o r  i t  can be composted. 

Grass cu t t i ngs  along t h e  banks ~ 1 1  a l s o  be an e s s e n t i a l  t a sk  during the  wet 
season ( i f  any). Long g r a s s  makes i n spec t i on  of the banks d i f f i c u l t  and laborious 
and encourages the  presence of burrowing anlmals and of snakes. I n  some s i t u a t i o n s  
animals such a s  sheep o r  goa ts  may be employed t o  keep t he  g r a s s  down. Again any 
grass  cu t t i ngs  must be d r i ed  and burned o r  removed and composted. No grass  cu t t ings  
should be allowed t o  blow i n t o  the  ponds. 

Dally inspec t ion  of t h e  banks and pondg i s  e s s e n t i a l .  The opara tor  should walk 
around a l l  t he  pond: every day, p a r t ~ c u l a r l y  t o  check on the s t a t e  of t h e  banks and 
t o  ensure t h a t  no damage i s  belng done e i t h e r  by burrowing animals o r  by erosion. 
Any damage should be immediately repa i red .  Sand bags a r e  u se fu l  f o r  r epa i r i ng  such 
damage t o  t he  banks. Burrowing animals can be discouraged by, i f  it i s  poss ib le ,  
pe r iod i ca l l y  varying t h e  l e v e l  of t h e  water i n  t he  ponds. 

In  order  t o  g u ~ d e  t he  ope ra to r ,  a d a i l y  check l i s t  should be compiled. Should the  
operator  be i l l i t e r a t e  t h i s  can be produced using symbols Instead of words. 



A n  example of such a d a i l y  check l is t  could be:- 

Walk around a l l  t he  pond and check f o r  

1. growth of water weeds 

2. s igns  of burrowing animals 

3. damage t o  the banks (erosion, leakage) 

4. any build-up of scum on t h i  ponds 

5. s igns  of anaerobic condi t ions  

6. any damage t o  t h e  boundary fence 

7. any evidence of s h o r t - c i r c u i t ~ n g  of flows 

I n  addi t ion 

1. check a l l  valves ,  channels and p ipes  f o r  blockages and clean i f  necessary 

2. check f l o w m e t e r s  or welrs 

3. c lean i n l e t  screens and g r i t  channels and dispose of d e t r i t u s .  

Also 

Check condi t ion of the  e f f l u e n t  

Check condl t i o n  of the receiving stream 

Record 

Ra in fa l l  

Temperature ( a i r  and water) 

Sunshine 

and f i n a l l y  

Take any necess'ary samples. 

Approximate maintenance requi red  i s  one man f o r  every 20 l e a t a r e s  of pond surface.  
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Aerated bagoons 

1. The aera ted  lagoon represen ts  a d e f i n i t e  i nc r ea se  i n  sophis t$cat ion,  and i n  
e f f i c i ency  - i f  measured i n  terms of organic  removal per  u n i t  a r ea  o r  v o l m e  - 

'over t h e  s t a b i l i e a t i o n  pond and a t  i t s  most developed i s  equivalent  t o  a s m p l e  
act ivated-s ludge p l a n t  In whlch t he r e  i s  no sludge r e t u r n  system. Over recent  
years  ae ra ted  lagoons have been found frequent ly  t o  b e  an econanical a l t e r n a t i v e  
t o  o the r  more conventional treatment processes.  Unlike s t a b i l i z a t i o n  ponds f o r  
which t h e r e  i s  only a very l imi ted  p o t e n t i a l  i n  t h i s  country t he r e  could be an 
important f u t u r e  f o r  ae ra ted  lagoons i n  t h e  t reatment  of i n d u s t r i a l  vas teva te r .  
Many i n d u s t r i e s  which t u rn  n a t u r a l l y  t o  act ivated-s ludge o r  perco la t ing  f i l t e r s  
could wel l  b e n e f i t  by considering t h e  p o s s i b i l i t i e s  of ae ra ted  lagoons. 

There a r e  b a s i c a l l y  t h r ee  types of ae ra ted  lagoon 

2. Aerated s t a b i l i z a t i o n  pond - This  i s  merely a f a c u l t a t i v e  stabilization pond 
with  a water  mixing device i n s t a l l e d .  The device does not add an appreciable  amount 
of oxygen t o  t he  system but  merely br ings  t h e  oxygen demand, represented by t he  
near  anoxic water c lo se  t o  t h e  pond bottom, i n t o  contac t  v i t h  t h e  oxygen a t  t he  
pond surface.  There is  s t i l l  a s u b s t a n t i a l  l aye r  of anaerobic sludge a t  t h e  bottom 
of t h e  pond, no fu r the r  set t lement  is requi red  fo r  t h e  pond e f f l uen t  and t he r e  1s 
s t i l l  a l a rge  a l g a l  content i n  t h e  discharge.  This  type of pond i s  normally only 
s u i t a b l e  f o r  ho t  country s i t u a t i o n s  i n  which s t r a t i f i c a t i o n  is l i a b l e  t o  decrease 
s u b s t a n t i a l l y  t h e  e f f i c i ency  of t h e  s t a b i l i e a t i o n  ponds 

3 Facu l t a t i ve  aera ted  lagoons - These f a c u l t a t i v e  aera ted  lagoons a r e  sometimes 
r e f e r r e d  t o  a s  ' p a r t i a l l y  suspended' lagoons a s  a c e r t a i n  concentrat ion of v o l a t i l e  
s o l i d s  a r e  con t inua l ly  held i n  suspension and represen t  an embryonic bio-mass o r  
mixed-liquor. A low r a t e  of atmospheric oxygen i s  added mechanically and although 
the re  i s  increased a g i t a t i o n  i n  t he  pond sludge se t t l ement  - and po t en t i a l l y  
d ige s t i on  - a l s o  occurs. Normally no f u r t h e r  se t t l ement  of t h e  pond e f f l uen t  i s  
requi red  bu t  t h e r e  is s t i l l  l i k e l y  t o  be an apprec iab le  growth of a lgae  i n  sunny 
s i t u a t i o n s ,  although t h i s  i s  l e s s  thap with t h e  ae r a t ed  s t a b i l i z a t i o n  pond. 

I t  has been suggested t h a t  t h e  power requirement f o r  t h i s  type of lagoon is 
between 1.0 w/m%nd 2.0 v/mS, and t h a t  1.0 w/mS r ep re sen t s  a s o l i d s  suspension of 
about 20 mg/l ( 3  1. Sol ids  suspensions of 50 mg/l t o  100 mg/l have been 
suggested b u t  t h i s  might involve an  add i t i ona l  se t t l ement  u n i t  (5) .  I n  t h e  slrmmer, 
i f  t h e  temperature i r ,  s u f f i c i e n t  t o  support  a c t i v e  s ludge d iges t ion ,  t h e  i n j e c t i o n  
of t h e  products of p a r t i a l  anaerobic breakdown i n t o  t h e  aerob ic  l i q u i d  phase can 
represen t  an i nc r ea se  i n  e f f l u e n t  s u b s t r a t e  concentrat ion o f  50%. This  is known 
a s  seasonal  feedback. 

4. Completely mixed aera ted  lagoons - I n  t he se  a l l  t h e  atmospheric oxygen is 
suppl ied mechanically and a l l  t h e  s o l i d s  a r e  i n  suspension. The suspended s o l i d s  
opera te  a s  an immature act ivated-s ludge f l o c  and t h e  nominal r e t e n t i o n  per iod must 
b e  r e l a t e d  t o  t h e  s ludge growth r a t e  s o  t h a t  t h e  removal of s o l i d s  v i t h  t he  lagoon 
e f f l u e n t  does not  dep l e t e  t h e  a c t i v e  mass. These are e s s e n t i a l l y  activated-sludge 
u n i t s  bu t  without sludge r e tu rn  systems. The MLSS concentrat ion is i n  t h e  range of 
0.2 t o  0.4 kg/ms. A f i n a l  se t t l ement  tank o r  pond i s  e s s e n t i a l .  There are no 
a lgae  i n  t h e  e f f l u e n t .  

r 

AERATED LAGOCWS 

1 



A s  with a l l  a e rob i c  systems r e l a t i v e l y  l a r g e  amounts of add i t i ona l  s ludge a r e  
produced a s  the  s u b s t r a t e  i s  s t a b i l l z e d .  The s ludge y i e l d  c o e f f i c i e n t  (Y) 
va r i e s  between 0 5 t o  0 8 kg sludge produced per kg BOD dest royed.  

R ~ l a t i n g  t h i s  t o  a c r i t i c a l  r e t en t i on  per iod,  t o  prevent  wash-out, i t  has  been 
es t imated t h a t  ( 5 )  

-1 d-1 
where k i s  t h e  s p e c i f i c  s u b s t r a t e  removal c o e f f i c i e n t  (l.mg 1 
and Li  is  t he  BOD concen t ra t ion  of the  inf luend (mg/l) 

As the re  is no s ludge  se t t l ement  o r  sludge d ige s t i on  i n  these  lagoons t he r e  
is  no s t o r age  of BOD i n  win te r  and no seasonal feed-back i n  summer. The 
lagoons a r e  t h e r e f o r e  designed f o r - t h e  co ldes t  month of t h e  yea r  

5 S t a r t i n g  wi th  t h e  assumption t h a t  the  r a t e  of BOD removal is proport ional  
t o  the  concen t ra t ion  of microorganisms ( X )  and t o  t h e  BOD p resen t  (Le) 

and t h a t ,  of nece s s i t y ,  the  lagoon must be a complete-mix system then by 
taking a mass balance.  

dL Q L i  = V- + Q.Le 
d t  

BOD i n  BOD removed BOD out  

one a r r i v e s  a t  

and then 

and 

Then by assuming t h a t  t he  r a t e  of syn the s i s  of bac t e r i a  is t h e  product of t h e  
Yield Coef f ic ien t  and t h e  r a t e  of o rgan ic  removal 

an add i t i ona l  express ion  f o r  t he  r e t e n t i o n  period i n  t he  lagoon can be 
a r r ived  a t  

I t  i s  claimed (5 )  t h a t  t he r e  a r e  d e f i n i t e  advantages i n  having a f a c u l t a t i v e  
lagoon - o r  a s e r i e s  of f a c u l t a t i v e  lagoons - fol lowing a completely mixed 
ae r a t ed  lagoon i n  t h a t  less power is required f o r  t h e  f a c u l t a t i v e  lagoon i n  
which a l l  s e t t l emen t  i s  a l s o  accomplished. 

For t h i s  t h e  t o t a l  r e t e n t i o n  period ( t + )  i n  both the  lagoons is suggested 
a s  being 

1 + Le -L f 
t t  = Y.k Le-b Xf .k.Lf 



6 .  The pOD of t h e  e f f l u e n t  from the  &agoon c o n s i s t s  of two f r a c t i o n s -  t he  eontent  
of uns t ab i l i z ed  i n f l u e n t  BOD toge ther  wi th  t he  BOD exer ted by t he  organic  mat te r  
represented by the  b a c t e r i a l  c e l l s  synthesised during ox ida t ion  (X) s o  t h a t  t he  
t o t a l  BOD of t h e  e f f l u e n t  can be represented by 

Total  BOD Le + 0.54.X 

7. The pond depth of t he  completely mixed lagoons is usua l ly  between 3 m and 5 m 
and i t  i g  common t o  l i n e  t h e  lagoons with  e i t h e r  butyl  rubber o r  polyethylene 
shee t ing  t o  prevent s e age and e ros ion .  A rule-of-thumb f o r  t he  power required 
is approximately Bw/m9 Ef  lagoon c a p a c ~ t y .  wi th  most power being expended on 
maintaining the  s o l l d s  i n  suspension. Retention per iods  w i l l  normally vary from 
two t o  8 i x  days (1.3) a l though r e t e n t i o n  of less than one day w i l l  be pos s ib l e  
f o r  soae e a s i l y  degradable  wastes.  

wi th  f a c u l t a t i v e  ponds t he  r a t e  of .sludge depos i t ion  can be considerable  and t h e  
necess i ty  f o r  pe r i od i c  desludging must be taken i n t o  account dur ing  the  lagoon 
design.  Balanced s ludge d i g e s t i o n  w i l l  s t i l l  leave about 2/3 of t he  deposi ted 
s o l i d s  g t  the  pond bottom. 

Aeration dgvicss  f a r  a e r a t ed  lagoons may e i t h e r  be of the  d i f fu sed -a i r  type o r  
sv r f ac s  a e r a t o r s ,  a l though su r f ace  a e r a t i o n  w i l l  f r equen t ly  be more accep tab le  
due t o  the  r e l a t i v e  e a s e  of running power cab les  r a t h e r  than compressed-air 
lines. 

8 .  For t h e  seasonal  indus t ry  ae r a t ed  lagoons can possess a r e a l  advantage i n  
t h a t  they &re  e a s i l y  taken i n  and ou t  of s e rv i ce  wi th  l i t t l e  o r  no maturation 
period required.  This  advantage i s  a l s o  of value i n  count r ies  wi th  very d e f i n i t e  
wqt and dry seasons and i n  which t he  q u a l i t y  and quan t i t y  o t  i n d u s t r i a l  d i scharges  
is only oont ro l led  du r ing  t he  season of high flows i n  the  rece iv ing  stream. 

Aerated lagoons a r e  s u i t a b l e - f o r  t r e a t i n g  most types of o rgan ic  i n d u s t r i a l  
d ischarges  and a r e  widely employed in North America fo r  the  e f f l u e n t s  from 
a b a t t o i r s  and meat process ing p l a n t s  and f o r  the  wastes from the  f r u i t  and 
vegetable process ing indus t ry .  One example shows t h e  reduct ion of a s t r o n g  
e f f l u e n t  (3000 t o  4000 mg/l BOP3 from a pea-processing p l an t ,  by 7 s  dur ing  
a 5.5 day r e t e n t i o n  par iod.  A s  t h e  removal r a t e  coe f f i c i en t  is claimed a s  being 
0.044 t h i s  i n d i c a t e s  a low r a t e  of s o l i d s  suspension i n  t he  system. The removal 
r a t e  c o e f f i c i e n t  v a r i e s  from about 0.02 t o  0.04 mg f o r  domestic wastes 
and might f a l l  as  lo^ a s  0.001 f o r  some i n t r a c t a b l e  o rgan ic  wastes ,  al though 
0 01 t o  0.021 mg- l  .a-l i s  more common. Obviously t h i s  c o e f f i c i e n t  is g r e a t l y  
e f f ec t ed  by temperature and i t  has  been suggested (1)  t h a t  is w i l l  i nc rease  
according t o  

The rate of  au to-sx ida t ioq ,  b, is a f i r s t - o r d e r  r e ac t i on  c o e f f i c i e n t  and seems 
$0 vary be twen  0.2  and 0 .3  days 
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AERA'J'ED LAGOONS 

SYMBOLS - 
Yield coeff ic ient , (kg  c e l l s  produced per  bg 
BOD consumed) 

BOD removal r a t e  coefficient (I.%-'. d-I) 
-3 

BOD concentration (g.m 

Inf luent  BOD concentration (g.m3) 

Lagoon and e f f luen t ,  BOD (g.u~'-~) 

Lagoon or e f f l u e n t ,  BOD - f acu l t a t ive  Lagoon (g.m3) 
Concentration of  micro-organisms i n  Lagoon (g,m-3j 

Retention period (days) 

- f u l l y  suspended lagoon 

t f  - f a c u l t a t i v e  lagoon 
3 Volume o f  lagoon (m ) 

~ l o v  r a t e  m 3 .  d-l) 
2 Surface a rea  (m ) 

Depth (m) 

Rate coe f f i c i en t  f o r  b a c t e r i a l  auto-oxidation (days-') 
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AERATION OF WASTE WATER THEORY, DESIGN AND EQUIPMENT 

1 Oxygen Requirements 

Oxygen IS used In aeroblc waste water treatment In the reactlons whlch 

degrade the  substrate to  yield compounds f o r  cell synthesis and also for  

resplrat lon The typlcal  requlrement In solutlon 1s 0 5-2 mg/l of  dlssolved 

oxygen whlch IS suff lc lent to prevent  the process becomlng oxygen I lm~ ted  

It 1s Important to note tha t  slmply lncreaslng the dlssolved oxygen beyond 

tha t  requlred t o  prevent  llmltatlon will no t -~ncrease the  ra te  o f  blochem~cal 

ox lda t~on whlch has a maxlmurq under Ideal condltlons whlch may not be  

exceeded Indeed there IS evldence t o  show that  the n l t r l f y l n g  bacterla 

are l n h ~ b l t e d  a t  ve ry  h lgh  levels of dlssolved oxygen of  about 16 mg/l 

Th ls  concept should not be confused w l th  lncreaslng the rate of  treatment 

whtch entarls increasing the numbers o f  mlcro-organisms In a reactor b y  

settlement and recycling and thereby a l low~ng a h ~ g h e r  I npu t  load to the 

same treatment volume I e t h e  BOD removed p e r  m3 reactor per  hour  IS 

Increased When the  ra te  o f  treatment IS thus Increased the  oxygen re -  

qu~rement  per  m3 per  hou r  IS also Increased In the actlvated sludge 

process tncreaslng the  M ~ x e d  Llquor Suspended Sollds (MLSS) will Increase 

the  possible BOD removal ra te  per  unlt volume, but the llmltallon on  

Increasing the  MLSS IS the  performance o f  the secondary settlement tank  

whlch depends on MLSS sett leabl l l ty and the ra te  o f  recycle 

The dal ly total oxygen requlrement IS a funct lon o f  

o mass o f  BOD remgved 

o mass of Amm N. removed 

o endogenous resplrat lon rate 

o the  mass o f  mlcro-organisms 

o den l t r l f~ca t lon  

Most treatment processes are classlfled d l rec t ly  o r  lndl rect ly  b y  the  F/M 

ratlo. Th ls  rat lo of  food (~ncomlng mass o f  BOD) to  mlcro-organisms (mass 

o f  mlcro-organisms In the  treatment tank)  1s sometimes known as the 

sludge loadlng ra te  In the actlvated sludge process the mass o f  mlcro- 



organisms 1s measured lndl rect ly  by t he  MLSS whereas In a blologlcal f l l te r  

or rotat lng blologlcal contactor the  total surface area o f  medla IS the 1nd1- 

cator 

The cholce a f  F/M rat lo  determines the  operating posltlon on the bacterial 

g rpwth  curve, F ~ g u r e  1 The operational Influences o f  selecting a par t l cu-  

lar  range are shown In  F lgure 2, where it may be seen that  h lgh F/M 

ratlos produce more surp lus sludge than low F/M rat los Th ls  dl f terence 

ref lects the  relattve s ~ g n ~ f ~ c a n c e  o f  endogenous resplrat lon 

I f  carbonaceous oxldatlon only IS occurring then the oxygen requlrernent 

f o r  a h lgh  sludge loadlng or  F/M rat lo  of say 1 kgs  BOD k g  M L S S ~  m ~ g h t  

have an oxygen demand o f  0 8 t~mes the BOD load compared Lo 1 6 tlnieC 

the  BOD load f o r  an F/M rat lo  o f  E 0 1 kgs  BOD k g  MLSS-I day-'  Ear l y  

work b y  ECKENFELDER and O'CONNOR (1954) gave a formula fo r  t h e  

oxygen requ~rements 

O2 requl red = a 'Coremoved + 5 IUILSS 

Thls  equat~on may be r e w r ~ t t e n  I n  terms of the F/M rat lo  and p lo l ted I? 

gr i lphlcal form as shown In F ~ g u r e  3 (ASCE, 1977) From th ls  11 niay bc 

seen that  fo r  convent~onal  sludge l o a d n g  r a t ~ s  ( F , k l ' ~ j  o l  dLL 

@ 2 k g  BOD MLSS-' d - I  the  oxygen r e q u ~ r e d  1s 0 9 -1 c' k p l -  I L ]  
Z 

BOD;:,, whereas at  h tgh  sludge loading rates o f  1 0 kg  BOD M L S S ' ~ - I  1 1  

1s abput 0 5-0 8 k g  O2 k g   BOD;^^ 

When c o n d ~ t ~ o n s  are created to  ensure c o r n p ~ e t e n ~ t r ~ f ~ r ? t ~  ( i f  11 1 5  

requtred), the oxygen requi red will be Increased b y  about 4 2 tlrnes tL,r  

concentration of Ammonlacal NI trogen T h15 addl t ~ o n a l  oxygen r equl I emrr 11 

may b e  of the  same order  of magnitude as that  fo r  carbonaceous oxidal lon 

f o r  an Amm N load of 30 mg/l the O2 demand IS 126 mg/l  (over  .hateve 

tlme perlod) compared to say a settled sewage of 150 mg/l O2 demand 

Where ~t IS essential to  ach~eve n l t r l f lcat lon ~t IS worthwhile designing and 

controlling an ac t~va ted  sludge system t o  achleve den~t r i f~ca t !on  

Den l t r l f~ca t lon  1s the mechanism under  whlch the  end product  o f  r i ~ l r i f ~ c a -  

tlon, nl trate, l~bera tes  oxyoen under  zero. oxygen cond~t lons  In  whal IS 



called an anoxlc zone Much o f  the  n ~ t r a t e  can be u t~ l r zed  In th ls  way 

w l th  a resultant savlng In energy costs of about 12 percent The condi- 

t lons for  n l t r r f l ca t~on  and d e n ~ l r ~ f ~ c a t l o n  are of ten ach~eved In o x ~ d a t ~ o n  

d~ tches  and are poss~b le  In ac t~va ted  sludge processes hav lng  relatrvely 

lpng p e r ~ o d s  o f  aeratlon I e 12 hours o r  more The oxygen demand f o r  

ox~da t l on  d ~ t c h e s  1s g iven rn the  notes on t h ~ s  subject 

In aerated lagoon d e s ~ g n  ~t IS common to  calculate the oxygen r e q u ~ r e d  as 

belng equal t o  t he  u l t~mate  BOD removed, whlch IS typically about 1 2 

tlmes the 5 day BOD ECKENFELDER et  a1 (1972) propose a relallonshrp 

for  aerob~c lagoons based on the BOD removed and the endogenoirs respl -  

r a t ~ o n  o f  the actrve b~omass In the  system 

Where there are s~gn l f rcan t  var~at lons  In load over  the day then Lhe niaxl- 

mum oxygen requirement over  a p e r ~ o d  equal to  the r e t e n t ~ o n  trme In the 

system should be  used In  slzlng the aerators 

Oxygenat~on Theory  

Several mathematrcal models have been developed to  desc r~be  the t rans fer  

o l  gases to l ~ q u ~ d s  MARAIS (1975) proposes tha t  three stages are 

~ n v o l v e d  

I - O2 molecules are t ransferred from a l r  t o  the  l l q u ~ d  Interface and 

a saturated layer  IS quickly establ~shed 

I1 - O2 then  passes th rough the l ~ q u t d  film by d ~ f f u s ~ o n ,  a r e l a t ~ v e l y  

slow process 

1 1 1  - 0 IS then t rans fer red  to the  bu l k  l ~ q u i d  by mlxrng and fu r the r  2 
drffuslon 

There are two main groups o f  aeratlon equipment 

o mechan~cal surface aerators 

o d l f fused a l r  sub-surface aerators 

Mechanical aerator performance IS governed b y  surface renewal whereas 

d ~ f f u s e d  a l r  IS governed b y  molecular d ~ r f u s ~ o n  



For surface aerators t he  rate o f  t ransfer  o f  d~sso lved oxygen IS g fven b y  

where 

c = concentratton o f  drssolved oxygen 

c = saturat ion concentratlon of d~sso lved oxygen In water 
5 - 1  kLa = oxygen t r a ~ s f e r  coef f~c ien t  ( t ~ m e  ) 
- 

k, = mass t rans fer  o r  exchange coefftcient 
1 L 

A tn te r fac~a l  contact area, air /water Interface a = - =  
V volume o f  aeration tank o r  basin 

t = ttme 

For d ~ f f u s e d  a i r  systems the value o f  cS vartes from the surface to the  

bottom o f  the  tank  due to  vartat lon o f  pressure w ~ t h  depth and also the 

p a r t ~ a l  pressure o f  oxygen wi thtn the  gas bubbles themselves A mod~fted 

equat~on IS proposed b y  LISTER and BOON (1973) 

where. 
V = volume o f  aeratton tank 

H = Henry's constant 

p = denbiTy 6f gaselous oxygen 

Q = a l r  flow rate 

cSI= saturatton concentratlon f o r  water b rought  In to  equ~ i i b r t um w ~ t h  
the i n f l o w ~ n g  a t r  

T h e  usual method o f  test lng and comparing the  oxygen t ransfer  capabil it ies 

o f  aerators IS to  conduct a tes t  in clean water The water IS deoxygena- 

t ed  ustng sodtum s u l p h ~ t e  p lus  a cobalt catalyst The ra te  o f  Increase o f  

d~sso lved oxygen wt th  time IS then measured The method IS known as the 

UNSTEADY-STATE METHPD 

For surface aerator tests a p lo t  o f  In(cS-c) versus gives a s t r a ~ g h t  l ine o f  

slope kLa 

For d ~ f f u s e t l  a i r  aerator tests a p lo t  ot  In(csl-c) versus t gtves a s t r a ~ g h t  

l ~ n e  o f  
k ,  a 



There  are  two prtnclpal performance c r l te r la  f o r  the  evaluatron o f  aeratton 

equipment, namely. 

OXYGENATION CAPACITY (OC) 

and QYXGENATION EFFICIENCY (OE) 

Oxygenatlon Capactty IS def lned a6 the  rate of  t rans fer  of oxygen Into a 

complelely deoxygenated l ~ q u l d  at  a g lven temperature per  unit volume o r  

to  a known volume Temperatures o f  10 o r  20°C are commonly speclfled 

For c - 0 thet3efore, In equation we obta ln 
-3 -1 

OC = kl-acs kg02m h 

o r  OC = kLacSV kgo2hF1 fo r  volume V 

Oxygenatton E t f ~ c ~ e n c y  IS def lned as t he  Oxygenatlon Capactty pe r  un l t  o f  

powot supplted (wire to water no t  shaft)  

The above measures of performance are  obtalned under  condlttons whlch do 

no t  represent those tn actyab operation f o r  a number o f  reasons. 

o the real conditions are pseudo-steady-state where there IS slrnul- 

taneous oxygenat~on and oxygen u l i l lsat lon 

o the  cr t ter la  do no t  account f o r  the  mlx lng resistance In the  bu l k  

l lqu ld  -see HOYLANO (1979) 

o the real conditions o f  pol luted water resul t  In a different oxygen 

t ransfer  coefftclent (kLa) and also a d i f ferent  oxygen saturatton 

concentratlon due to  waste water constituents and also local 

atmosphertc pressure 

o tank shape, depth and dt f fuser  conflgurat lon all tnfluence the 

performance 

o the requ l red  dissolved oxygen concentratlon In the  aeratlon tank 

o r  basln will affect efflctency I e ~f DO 20 percent o f  salurat lon 

OC 1s 80 percent o f  maxlmum potentla) and ~f DO 60 percent OC 

IS on ly  40 percent o f  maxtmum 

Q kLa does not  v a r y  r lgn l f l can t ly  fo r  MLSS of 2-7 kgs  mW3 

o megsurement o f  t he  resplrat lon ra te  of acttvated sludge systems 

has shown tha t  t he  oxygenat~on e f f l c~ency  Increases w l th  the  rate 

o f  resptrat lon - posslbly because ot d l rect  oxygen t ransfer  o r  

h lgher  concentrat~ons o f  bacterla at  the w a t e r / a ~ r  Interface 



The above factors a re  accounted for,  In par t ,  b y  the use o f  N and f3 

constants and correcting the requl red aerator capactty f o r  varlattons In 

atmospheric pressure 

0 15 the rat lo  o f  the  kla under operat ing condltlons to  that  In clean water 

The value o f  cr IS affected pr lnctpal ly  b y  the Influence of pol lul lon on 

surface tenslon and may thus be simulated under  laboratory condltlons b y  

t he  addlt lon o f  5 mg/l o f  anlonlc sur factant  The Influence o f  the (Y factor 

dt f fers according t o  the t ype  of aerator - 
fo r  surface aerators the a factor may be  greater  than u n l t y  due to  

reductron In droplet  slze and the Increased oxygeq k'ansfer I e the 

I l qu td -a~ r  contact area 1s Increased ra ls lng the  kLaactual 

f o r  dtf fused a i r  aerators the  a factor may be  as IQW as 0 3 due to  the 

sur factant  boundary a t  t he  surface o f  the bubble 

Other  tnfluences on the  CI value are the  type  o f  system I e completely 

mixed o r  p lug  flow and the F/M rat to o r  degree o f  treatment Fbr p lug-  

flow systems the  value o f  a will v a r y  along t h e  reactor Inlet to  outlet to r  

example from 0 4 t o  0 9 f o r  a d l f fused a l r  system and from 1 2 to 0 9 fo r  

a surface aerator Where the  degree of treatment 1s hlgh, as In extended 

aeratton systems, then the  value o f  cr wtll b e  slmtlar fo r  etther system of 

aeratton 

Aerator efflclenctes ( k c ~ 0 ~ k ~ h - I )  are quoted b y  manufacturers In clean 

water, whereas the  Important conslderat~on 1s the eff lc lency under  the 

actual condltlons However, t t  1s posslble to  have the same f le ld e t f~c lency  

from ve ry  dt f ferent  oxygenatlon capactt~es qnd fl factors as shown below 

oxygenation actual 
e f f l c~ency  ~n CI oxygenation 
clean water efflctency 

( kg02  k w h - I )  ( k g 0 2  kwh- ' )  

surface 
aeratton 1 7  

drf fused 
a1 r 



The  value o f  p 1s v e r y  often assumed t o  b e  u n l t y  

The effect o f  tank  depth, shape and d l f fuser  conflgurat lon IS assessed f o r  

dlffused a l r  systems by LISTER and  BOON (1973) 

The oxygenat~on capaclty under  the  actual cond~t lons  compared w l th  those 

under  standard test  conditions 1s g lven b y  

where u,fi,cs a re  as already d e f ~ n e d  

p = atmospheric pressure (mm Hg) 

e = saturated vapour pressure a t  si te (rnm Hg) 

= c a t  temperature o f  waste water (mg/l) 
C6T $ 

T = temperature (OC) 

The above equatron (3) IS suggested f o r  use by PEARSON (1970), 

BARTSCH and RANDALL (1971), ECKENFELDER e t  a1 (1972) and 

ARCEIVALA (1973) 

Typlcal  oxygenatton ef f~ctencles are 

d l f fused a l r  - f ~ n e  bubble 1 5 - 3 6 k g 0 2  kwh-'  

- coarse bubble 0 9 - 1 2 

surface aerators - ver t lca l  1 5 - 2 2  

- ho r~zon ta l  1 .2  - 3 4 

,- 

BINGEL (1979) produced two lnterest lng graphs one r e g a r d ~ n g  the  rela- 

t lonshlp between oxygenation e f f l c~ency  and capaclty shown In F ~ g u r e  4, 

and the other  showrng the dev~at lons  from manufacturers guaranteed values 

o f  OE, F ~ g u r e  5. 

2 Aerator D e s ~ g n  and Equ~pment 

It has been stated already that  there are two p r ~ n c l p a l  classes o f  aeratlon 

equipment surface aeratQrs and d l f fused a l r  aerators Any  aerallon 



devlce must p r o v ~ d e  s u f f ~ c ~ e n t  oxygen f o r  organlc degradat~on and bac te r~a l  

r e s p ~ r a t ~ o n  as well as adequate rnlxlng w ~ t h o u t  d e s t r o y ~ n g  the  btologtcal 

f loc 

D ~ f f u s e d  a l r  equ~pment  Includes 

o porous domes - f ~ n e  bubbles 

o d ~ f f u s e r  tubes - med~um - f ~ n e  bubble 

o spargers - coarse bubble 

o stattc tube mlxers - coarse - med~um bubble 

( tubu la r  d ~ f f u s e r s )  godd f o r  lagoon a p p l ~ c a t ~ o n s  

o jet aerators - f ~ n e  - med~um bubble 

These systems are sketched In  F ~ g u r e  6 

Surface ae ra t~on  equ~pment Includes 

o low speed r a d ~ a l  flow - problems o f  notse, aerosol and odour 

o h ~ g h  speed a x ~ a l  f low - matnly f o r  lagoon a p p l ~ c a t ~ o n  

o hor~zonta l  brush, cage o r  mammoth rotors 

The above systems are sketched In F ~ g u r e  7 

3 Closure 

From the fo rego~ng  ~t w ~ l l  be  clear that  t he  d e s ~ g n  and specrl tcat~on o f  

aeratlon equipment IS not  as s~mple  as perhaps would be expected 

Equ~pment spec~ f~ca t l ons  do no t  apply to  actual field operating c o n d ~ t ~ o n s  

and many factors must be taken Into account In aerator selectton and 

d e s ~ g n  Ava~ lab le  equtpment from the manufacturers and the recommended 

c o n f ~ g u r a t ~ o n s  and tank  sues  should be cons~dered In all destgns 
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COURSE PROGRAMME 

Revqew of wastewater treatment practices 
Preliminary and primqry treatment 
Chemistry and parameters of wastewater 

11 II II II II 

Day 1 am 
am 
Pm 
P=" 

KVE 
KVE 

Percolating filters and rotating dlsc units 
I 1  11 11 II I1  II 

JL 
JL 

KVE 
KVE 

Day 2 am 
am 
Pm 
Pm 

Microbiology (Introduction to) 
I t  I 1  11 

Day 3 am 
am 
Pa' 
Po' 

The concept of treatment by stabilization ponds 
Anaerobic ponds 
Activated sludge 

,I 11 

JL 
JL 

K W  
KVE 

Day 4 am 
am 
P 
Pm 

Extended aeration and oxidation ditches 
Facultative ponds (function, advantages etc) 
Process deslgn of stabllizatlon ponds 

11 I1  11 11 

JL 
KVE 
JL 
JL 

Day 5 am> 
am) 
Pm 
P"' 

Details of design and construction 
11 II I t  II 

Day 6 am 
am 
Pm 
Pm 

Maturation ponds 
High-rate ponds and algae recovery 
Design exercise 

11 II 

KVE 
KVE 

Day 7 am 
am 
P"' 
P"' 

Desrgn exercise 
I 1  I* 

Pond operation and maintenance! 
I 1  I 1  I t  I 1  

KVE 
KVE 

Day 8 FIELD TRIP 

Day 9 am 
am 

em 

Aerated lagoons 
Aeration - theory, design and equipment 
Design Exercise - Presentation of results 

KVE 
JL 

Design exercise 

* Mr K.V. Ellle, WHO Consultant 
** Mr J. Lumbers. WHO Consultant 
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