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SUMMARY 

This report d e s c r i b e s the reduction in the level of pollution 

in settled sewage by the natural p r o c e s s of a lga l -bacter ia l 

symbios is in an open pond. The operating exper ience with a pilot 

plant pond using Sydney sewage at the Fair f ie ld Sewage Treatment 

Works of the Metropolitan Water Sewerage and Drainage Board is 

a lso des c r ibed . The results c lear ly showed that the same high 

rate of purif ication as obtained with s imilar units in the United 

States could be expected under local conditions in full scale plants. 

The widespread application of the p r o c e s s is restr ic ted by the 

problem of separating the algae produced f r o m the treated water 

flowing f r o m a continuously operating unit. Methods of separation 

are descr ibed and their cost and applicability d i s cussed . 
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1. INTRODUCTION. 

Sewage as c o l l e c t e d f r o m the var i ous dorneHi^TcornrQerc ia l and 

industrial d i s c h a r g e s contains m u c h higher l e v e l s of impur i t ies than 

can be to lerated at the point of d i s c h a r g e of the s y s t e m . 

D o m e s t i c sewage is c o m p o s e d of human e x c r e t a , household 

wastes , de tergents , silt and fats and g r e a s e s , c a r r i e d by water f r o m 

the community water supply s y s t e m . 

Although 9 9 . 9 % of d o m e s t i c sewage is water , treatment of the 

waste m a t e r i a l s it contains to reduce the l eve l of pollution that would 

otherwise o c c u r in the reg ion of the d i sposa l a r e a , presents a p r o b l e m 

of cons iderab le magnitude to many c o m m u n i t i e s . Despite the fact 

that the quantity of the suspended and d i s so lved so l ids in the dewage is 

smal l , they can be the agents or c a r r i e r s of d i s e a s e , polluted v/ater 

bodies and aesthet i ca l ly undes irable odours if no treatment is c a r r i e d 

out. (1) 

Sewage Treatment P r o c e s s e s . 

Raw Sewage is the t e r m applied to the sewage as c o l l e c t ed f r o m 

the var ious outlets b e f o r e treatment ; it is f i r s t s c r e e n e d to r e m o v e 

large p a r t i c l e s , p a s s e d through a grit chamber to r e m o v e heavy gritty 

mater ia l and then to a l a r g e settling tank, to separate the bulk of the 

f inely d i s p e r s e d so l ids f r o m the l iquid. The liquid o v e r f l o w d i s charged 

f r o m the settling tank usual ly r equ i res b i o c h e m i c a l treatment be fo re it 

can be d i s c h a r g e d . A f ter leaving the settling tank, the treatment of 

the effluent or liquid s t r e a m takes a d i f ferent c o u r s e than that of the 

sol ids which were settled out. Since the so l ids which have been settled 

out are usual ly l e s s than one per cent of the total vo lume of mater ia l 

entering the sedimentat ion tank, the treatment of the liquid o v e r f l o w 

f r o m the sedimentat ion tank is the m a j o r treatment in reducing the 
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concentrat ion of mater ia l present to a sa t i s fa c t o ry l eve l f o r d i s c h a r g e . 

This effluent f r o m the p r i m a r y sedimentat ion o r settling tank is known 

as settled sewage . One of the methods used to treat settled sewage is 

by holding it f o r severa l days in open lagoons or oxidation ponds . 

Some of the oxygen f o r the organic d e c o m p o s i t i o n i s supplied by the 

a tmosphere above the f r e e sur face of the pond. H o w e v e r , the bulk of 

the oxygen requirements a r e supplied by a lgae which g r o w in the pond. 

These a lgae , through their m e t a b o l i s m r e l e a s e additional oxygen f o r 

the decompos i t i on p r o c e s s . As bacter ia present in the settled sewage 

take part in the oxidation operat ion , the t e r m s y m b i o s i s is appl ied to 

the p r o c e s s because of the symbiot i c a s s o c i a t i o n of the two o r g a n i s m s , 

namely algae and bacter ia . It has been found that in hot dry c l imates 5 

algae in such ponds can supply in e x c e s s of 75 l b s . of oxygen per a c r e 

per day. This method of open ponding was acc identa l ly d i s c o v e r e d at 

the beginning of this century. Since that t ime m o r e e f f i c i ent des igns 

have been used and the p r o c e s s has been studied and m o r e c l o s e l y 

def ined. The a lgae , a f o r m of g reen m i c r o s c o p i c plant l i f e , ex ist in 

the ponds in great numbers and p e r f o r m an essent ia l funct ion in the 

breaking down of the organics in the sewage , as the b a c t e r i a , a 

natural component of sewage , use the b y - p r o d u c t s of the algae to 

puri fy the sewage . The bacter ia in turn r e l e a s e b y - p r o d u c t s which 

are used by the a lgae . This interact ion is known as the a l g a l -

bacter ial symbios i s of oxidation ponds . 

The p r o c e s s of a l g a l - b a c t e r i a l s y m b i o s i s f o r treating sewage 

has been extensively developed in l a b o r a t o r y e x p e r i m e n t s at the 

Univers i ty of Cal i forn ia , B e r k e l e y , Ca l i f o rn ia , U . S . A . The pr inc ipa l 

invest igators , H . B . Gotaas , W . J . Oswald , C . O . Go lueke , H . F . 

Ludwig and B. Lynch of the Institute of Engineer ing R e s e a r c h , 

analysed the varying fa c to rs such as light and t e m p e r a t u r e which 
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affect the p r o c e s s in a l a b o r a t o r y and then t r a n s f e r r e d their 

investigations to p i lot tank exper iments and a f ter these exper iments 

enunciated f o r m u l a e f o r the des ign of l a rge s ca le tanks. Their r e s e a r c h 

has shown this method to be m o r e e f f e c t i ve and l e s s expensive than 

other accepted methods of t reatment . The value of the method depends 

on the pro f i tab le and useful d i sposa l of the a lgae and a l s o on its 

initial low c o s t , as d e s c r i b e d by Oswald et a l . (Z, 3). 

The M i c r o - O r g a n i s m s of Sewage. 

The bacter ia n o r m a l l y found in sewage m a y be c l a s s i f i e d into 

three groups a c c o r d i n g to their af f inity to f r e e oxygen in the substrate . 

Under the inf luence of e n z y m e s , the bacter ia a b s o r b the organics and 

re lease b y - p r o d u c t s which are c h a r a c t e r i s t i c of the individual s p e c i e s 

of bac ter ia . In this way the o rgan i c s are said to be broken down or 

oxidised. There are two main types of oxidation - (a) the obligate 

a e r o c e s c a r r y out the a e r o b i c oxidation while (b) the obligate anaerob i c 

bacteria c a r r y out the anaerob i c r eac t i on . Facultat ive anaerob i c 

bacteria can c a r r y out either oxidation p r o c e s s . The anaerob i c 

oxidation is usual ly a c c o m p a n i e d by o f f ens ive odours caused by r e l e a s e 

of hydrogen sulphide and c rea tes a condition which is m o r e often 

re f e r red to as sept i c . 

The algae which a r e found in the oxidation pond are c l a s s i f i e d 

as m i c r o s c o p i c green plants as they uti l ize sunlight as a s o u r c e of 

energy. The a lgae synthes ise carbohydrates through the use of sun-

light, ammonia and carbon d iox ide . This synthesis is r e f e r r e d to as 

photosynthesis , and the natural b y - p r o d u c t of this reac t ion is f r e e 

oxygen. The m o s t c o m m o n genera found in sewage a r e the Ch lore l la , 

Scenedesmus , Euglena and C h l a m y d o m o n a s , which are shown in F igure 

1. (4, 5). Other f o r m s of l i f e , fungi , and pro tozoa a r e a l s o found in 
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sewage and are used in sewage treatment p r o c e s s e s to ingest the 

bacteria and algae. 

Sewage Oxidation Ponds . 

Many terms have been used to descr ibe the various types of 

oxidation ponds. These have included sewage lagoons , sewage 

stabilization ponds, anaerobic ponds, aerob i c ponds and photo-

synthetic ponds. It is considered best to c lass i fy oxidation ponds 

according to the t^^e of bacteria which inhabit their waters . These 

three types of ponds are aerobic , facultative and anaerob ic . (6) . 

1 . The anaerobic pond functions through the action of obligate 

anaerobes and facultative anaerobes and contains no f ree Oxygen. 

As described by Parker , (7) its main purpose is to act as a settling 

basin in which the heavier particles are settled out and later removecl 

to be dried by the sun. The anaerobic pond is heavily loaded as it 

receives raw sewage which has had no pr ior treatment. As shown 

in Table 1 it is small in area, usually under one a c r e , up to ten feet 

in depth. The loading for this type of pond is high - 500 lb B . O . D . / 

a c r e / d a y . In this type of pond the dissolved oxygen which might be 

absorbed f rom the atmosphere is quickly used up by the facultative 

anaerobes in decomposing the sewage. The pond then becomes septic, 

anaerobic and sometimes foul -smel l ing due to the anaerobic bacteria 

giving off hydrogen sulphide. The anaerobic pond is used where land 

costs are high. Sewage thus treated is further treated by facultative 

or aerobic ponds. 

2. The facultative pond is the most commonly used and the one 

most often described in the l iterature, r e f e rences (8 to 16). Aerob i c 

decomposition is carr ied out in the supernatant layers of this type of 

pond by obligate aerobes and facultative anaerobes . Towards the 
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FIG. 1. ALGAE, COMMONLY FOUND IN SEWAGE 
OXIDATION PONDS. 



bottom, the conditions are anaerobic as the heavier part ic les tend 

to settle out to the bottom. The facultative anaerobes and the obligate 

anaerobes c a r r y out anaerobic oxidation at these depths. The surface 

area of these ponds varies f r o m one to ten a c r e s depending on bank 

erosion due to wind act ion. The depths usually used in design range 

f rom three to five feet . The effluent from, such a pond is rare ly 

above 50 ppm B . O . D . and usually high in algae content. 

3. The high rate aerob ic pond has been developed as a result of 

refining the usual facultative pond by reducing the depth and detention 

period. (17). The range of depths and detention periods found to be 

most eff ic ient in reduction of B . O . D , and production of algal cell 

material is between two to sixteen inches and one to ten days 

respect ively . In this way the high rate aerobic pond can handle 

loadings which far exceed those poss ible with the facultative type. 

However, the high rate aerob i c pond must be careful ly controlled 

and arti f ic ial mixing employed. The bacteria which exist in this 

type of pond are so le ly obligate aerobes and facultative anaerobes . 

It was this type of pond which the Water Research Foundation of 

Australia undertook to study as a possible means of sewage treat -

ment in Austral ia . 

A compar ison of oxidation pond types under normal operating 

conditions is shown in Table 1 . 



T A B L E 1 

C l a s s i f i c a t i o n of O x i d a t i o n P o n d s U n d e r N o r m a l O p e r a t i n g C o n d i t i o n s . 

O x i d a t i o n 
P o n d 
T y p e 

O t h e r S y s t e m s 
of N o m e n c l a -

t u r e 

D e p t h D e t e n t i on 
P e r i o d 
D a y s 

JS4aximum 
O r g a n i c 
L o a d i n g 
l b / B O D / 
a c r e / d a y 

pH L i g h t O x y g e n 

m g / m l 

A n a e r o b i c S e w a g e L a g o o n 
Sta b i l i z a t i o n 
P o n d 
S e w a g e P o n d 
O x i d a t i o n P o n d 

5 - 1 2 
f t . 

1 - 2 0 
d a y s 

5Q00 5 
to 
7 . 5 

No t 
r eq^d 

N o n e 

F a c u l t a -
t i v e 

S e w a g e L a g o o n 
S t a b i l i z a t i o n 
P o n d 
S e w a g e P o n d 
P h o t o s y n -
t h e t i c P o n d 
O x i d a t i o n 
P o n d 

3 - 5 
f t . 

20 d a y s 
to 6 m t h s 
o r 
e f f l u e n t 
r e m o v a l 
by e v a -
p o r a t i o n 

150 6 
to 
11 . 5 

R e q ' d 0 . 2 4 

A e r o b i c 
H i g h R a t e 
P o n d 

P h o t o s y n -
t h e t i c P o n d 
O x i d a t i o n 
P o n d 

2 - 2 4 
i n s . 

1 - 1 0 
d a y s 

500 6 
to 
1 1 . 5 

R e q ' d 0 - 3 3 

i 

I 
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A l g a - B a c t e r i a l S y m b i o s i s in the High Ra te Aerob ic Pond. 

The b io log ica l l i f e and in t e r ac t ion between the v a r i ou s fo rms of 

l i fe in the high r a t e pond a r e h ig l i ly complex,. In o rde r to gain some 

knowledge of the p r o c e s s e s within the pond, an unders tanding of the 

interact ion of the biota i s r e q u i r e d „ 

F i g u r e 2 i l l u s t r a t e s in s imp l i f i ed fo rm , the in te rac t ion between 

the a l g a e ex i s t ing in the pond and the bac t e r i a decomposing i t s s e w a g e . 

The set t led sewage enter ing the pond contains many nut r i en t s which a r e 

detained in the pond for an opt imum length of t ime in o rde r that the 

bacter i a can me t abo l i z e mak ing use of the nu t r i en t s . The by-products 

of the b a c t e r i a l metabo l i sm5 a m m o n i a , su lpha tes , phosphates and 

carbon dioxide a r e a s s i m i l a t e d into a l g a l c e l l ma , t e r i a l . (18, 19)- Some 

of the oxygen and carbon dioxide e s cape to the a tmosphe re a s they 

exist in the ga seous f o r m in the pond . One of the m o r e pronounced 

effects which the a l g a l growth has on the pond i s the r i s e in pH a s 

f ree carbon dioxide i s u t i l i z ed by the a l g a e . 

The two components r e su l t i ng f rom na tu r a l sed imentat ion of 

t reated sewage a r e the s ludge and the l iquid ef f luent . Some m o r e 

stable compounds which have been broken down into the i r m o r e 

e lementa l f o rms a r e taken f r o m the pond with the l iquid eff luent a s 

humus. The proport ion of humus to the l iqu id eff luent i s v e r y s m a l l . 

The l iquid eff luent i s composed of s tab le d i s so lved organ ic and in -

organic compounds, and a l g a l and bacteriaT c e l l s . The eff luent , 

having had the a l g a l c e l l s r emoved i s v e r y low in B . O . D . and 

suitable for d i s c h a r g e in mos t c a s e s . 

In o rde r to i l l u s t r a t e the ba s i c r e ac t ions which a r e included in 

the a l g a l - b a c t e r i a l s y m b i o s i s , the fol lowing r e v e r s i b l e reac t ion has 

been set up by Gotaas et a l (20) , 



Algae + light 
C O , + H O . (CH 0) + 0 

bacter ia ,, , . , c e l l m a t e r i a l 

As the amount of oxygen which can be a b s o r b e d by the pond f r o m the 

atmosphere is l imited by the low solubi l i ty which oxygen has in w a t e r , 

the bulk of the oxygen which is required by the bac ter ia l oxidation 

p r o c e s s is supplied by the algal photosynthes is . Th is must be produced 

at a high enough rate to sat is fy the demand of the bac ter ia in oxidis ing 

the substrate whi ch is r epresented by (CH^O) when the r e a c t i o n p r o c e e d s 

f r o m right to le f t . In the photosynthetic r eac t i on (CH^O) r e p r e s e n t s the 

living algal c e l l s . The light which fal ls on the algal c e l l s suppl ies the 

energy required by the react ion . The ch lorophyl l which is a component 

of the green algal ce i l is capable of utilizing light energy in aid of the 

react ion which produces oxygen which acts as the hydrogen a c c e p t o r 

for continued bacter ia l oxidation of the sewage substrate . 

11 . HIGH R A T E POND OPERATION STUDIES 

Pi lo t Plant Investigations at R i c h m o n d , California. , U . S . A . 

Work c a r r i e d out at the Univers i ty of Cal i fornia between 1953 

and 1956 represents the m o s t c omprehens ive study of high rate pond 

operation to be found in the l i terature . The w o r k was p e r f o r m e d by 

W . J . Oswald, H . B . Gotaas , C . G . Golueke , R . J . H e e , a n d E . L . L e e 

The p r o j e c t was c a r r i e d out in three p h a s e s , des ignated as 

P i lo t Plant 1, P i l o t Plant 11, and P i l o t Plant 111. The r e su l t s a r e 

fully d e s c r i b e d in P r o g r e s s Repor t No, 8 "Stud ies of Photosynthet i c 

Oxygenation" (17) . 
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The P i l o t Plants each cons is ted of one or m o r e ponds, c o n s t r u c -

ted above the ground l e v e l . Each pilot plant represented an i m p r o v e -

ment in techniques and equipment over its p r e d e c e s s o r . 

P i l o t Plant 1 studies w e r e undertaken to determine whether 

a lga l -bacter ia l s y m b i o s i s out in the open, would be s imi lar to the 

symbiosis studied in L a b o r a t o r y investigations as reported in 

re ferences (20 to 25). The single pond used for this phase was 80 

feet in length, 3V2 feet in width, and had a m a x i m u m depth of feet . 

P i lo t Plant 11 exper iments were c a r r i e d out using the pond 

built for Pi lot Plant 1 as a contro l pond, and a second pond which was 

14 feet by 65 feet having a m a x i m u m depth of two feet- P i lo t Plant 11 

v/as used as a basis for p r o c e s s i n g data to c o r r e c t for variations in 

uncontrollable p a r a m e t e r s such as influent sewage strength and so lar 

radiation. Variat ions in depth, detention per iod and rec i r cu lat ion 

rate were made to determine their physical and chem^ical e f fec t on 

the contents of the ponds ^ Sludge deposit ion was studied over the 

range of p a r a m e t e r s . B . O . D . r emova l was determined as a function 

of loading and oxygenation f a c t o r s . 

Pi lot Plant 111 was designed to determine the combined in -

fluence of depth, detention per i od , rec i r cu lat ion and mixing rates 

on algal product ion and sewage puri f i cat ion . The data obtained was 

to be analysed to establ ish des ign cr i ter ia for future ponds. Three 

ponds were built and designated A , B, and C. Each pond was 32 feet 

in length and e leven feet in width. The width var ied as the sides were 

sloped. The m i n i m u m width at the bottom was five feet , the max imum 

depth was 2 feet 2V2 inches . 

In the operation of the ponds in the studies, the rec i r cu lat ion 

systems were s imi lar in al l c a s e s , drawing f r o m the effluent end of 

the pond and rec i rcu lat ing it into the influent end. Mixing sys tems 
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employed were as follows : -

1 . Pilot Plant 1 

2. Pilot Plant 11 

3. Pilot Plant 111 

- manual stirring with a b room for ten 
minutes per day in all exper iments . 

- Three submersible pumps which r e -
distributed the ponds' waters through 
vert ical jets on the bottom of the 
ponds were used. 

- The mixing system consisted of two 
submersible 50 US gpm pumps in each 
pond. 

Table 2 lists the ranges of values for independent variables used 

in the three pilot plant studies. 

TABLE 2 

Range of independent Variables studied in 
Californian High Rate Ponds. 

Variables Pi lot Plant 

1 11 111 

Depths (inches) 2 - 18 4 - 1 6 4 - 24 
Detention Per iods (days) 0 .7 - 7 1 - 4 1 - 7 
Recirculation Rate (Pond 
Volume per day) 2 0 . 5 - 2 0 - 2 

Mixing Rate (min. /day) 
(U.S. g a l . / M i n . ) 
(min. /hour) . 

10 
1 2 - 5 2 . 7 

0 - 24 

Evaluation of Pond Per formance 

The values of the parameters measured during the pond operation 

have been used to determine transition levels and other important 
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information for design purposes (21 , 26). The fol lowing were 

evaluated: 

(a) depth of light extinction, 

(b) depth to which saturation light may reach, 

(c ) depth to which compensating light may reach, 

(d) oxygen production per unit weight of a lgal cel l growth 

( e ) degree of carbon reduction, 

( f ) heat content of the algal cel l mater ia l , 

(g ) stability index, 

(h) stabil ization factor , 

( i ) hydraulic loading factor , 

( j ) oxygenation factor , 

The synthesis of aigal cel l mater ia l is described in a publica-

tion by Oswald and Gotaas (17). On the basis of the P i l o t Plant 1 

studies at a depth of 2 inches and detention per iod of 0. 75 days they 

estimated the fol lowing equation for algal synthesis -

NH^ + 6.9 CO^ + 5. 3 H O = C, ^H, ^ _N + 8.7 + H"̂  

This equation enables calculation of the oxygen produced per 

unit weight of cel l mater ia l , p = 1 .78 in this case. 

The degree of carbon reduction, R, as der ived by Spoehr and 

Milner (27) is given by: 

^ _ (%C X 2.66) + (%H X 7. 94) - (%0) 
^ V 37989 ~ ^^ 

The cel l heat content, h, per unit weight of algae produced 

is given by: 

i 8 9 ^ 

F r o m the F i r s t Law of Thermodynamics equation (3) can be 



- 1 2 -

obta ined : 

h Y = s ' F 
c 

where Y = y ie ld of a l g a l ce l l m a t e r i a l _ C ^ 
^ detent ion p e r i o d D 

I 

S = quanti ty of a v a i l a b l e s o l a r e n e r g y in c a l o r i e s p e r l i t r e 

p e r day 
F = f r a c t i o n of a v a i l a b l e s o l a r e n e r g y u t i l i s e d 

C = a l g a l ce l l m a t e r i a l p r o d u c e d m g / 1 
c 

The oxygenat ion f a c t o r , P , r e p r e s e n t s the d e g r e e to which the 

photosynthet ic a c t i v i t y h a s m e t the in f luent o x y g e n d e m a n d and can 

be c a l c u l a t e d f r o m : 

F 
c 

^ t d where F = 0 . 9 4 ——' — when h = 6 c a l o r i e s p e r m g . c S D 

L^ = B . O . D . e x e r t e d at any t i m e t 

S = a v a i l a b l e s o l a r e n e r g y in c a l o r i e s p e r s q . c m . p e r d a y 

d = depth of pond in i n c h e s 

F = c r i t i c a l e f f i c i e n c y which m u s t be a c h i e v e d if the to ta l 
oxygen d e m a n d i s to be m e t through p h o t o s y n t h e s i s . 

The s t a b i l i t y index S i s de f ined a s the r a t i o of the B . O . D . to 

v o l a t i l e s . While the s t a b i l i z a t i o n f a c t o r ^ S i s the d i f f e r e n c e between 

the s t ab i l i ty index r a t i o s of the inf luent and e f f l u e n t of the p o n d . 

Pond O p e r a t i o n 

(a) A l g a l S p e c i e s 

The m o s t c o m m o n g e n e r a o b s e r v e d w e r e C h l o r e l l a , S c e n e d e s m u s , 

C h l a m y d o m o n a s and E u g l e n a . P i l o t P l a n t 1 r e s u l t s i n d i c a t e d that the 
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population dens i t ies of the v a r i o u s s p e c i e s w e r e dependent upon 

operating cond i t i ons . P i l o t Plant 11 indicated a s low seasonal change, 

with Chlore l la and S c e n e d e s m u s being in the m a j o r i t y , (17) . 

(b) Algal Counts 

Algal counts w e r e p e r f o r m e d on al l pi lot plant t es t s . P i l o t 

Plant 1 observat i ons indicated that the total a lgal count i n c r e a s e d v/ith 

increasing detention p e r i o d and d e c r e a s e d with increas ing depth. 

Pi lot Plant 11 studies showed s i m i l a r resu l ts up to a detention per iod 

of four days . P i l o t Plant 111 studies showed s imi lar r e su l t s , there 

being an a v e r a g e i n c r e a s e of 0. 5 x 10^ ce l l s per m l , at a one day 

detention per i od to a count of 3 x 1 0 ^ c e l l s per m l . at a seven days 

detention p e r i o d . An a v e r a g e of 3 . 0 x 10^ ce l l s per m l . were 

observed at a depth of f our inches and d e c r e a s e d consistent ly down 

to a count of 1 . 5 x 1 ce l l s per m l . at a depth of fourteen inches . 

There was no change in the range of ce l l counts over the range 14 

to 24 inches , 

(c) Packed Vo lume 

The packed vo lume as de termined by centri fuging at 500g f o r 

ten minutes was o b s e r v e d in all pi lot plant e x p e r i m e n t s . The 

packed vo lume in the P i l o t Plant 1 resul ts d e c r e a s e d with decreas ing 

detention per i od and i n c r e a s e d with d e c r e a s e in depth. These 

observat ions a r e in a c c o r d with the algal ce l l counts . The packed 

volume of the suspended matter in P i lo t Plant 11 studies i n c r e a s e d 

with i n c r e a s e in detention p e r i o d . It was net ed that a peak of packed 

volume was reached at a depth of 12 inches . P i l o t Plant 111 

observat ions indicated a c l o s e c o r r e l a t i o n between ce l l count, 

suspended so l ids and the packed vo lume of the culture . Separation 

of the a lgal c e l l s f r o m the packed v o l u m e s was e f f e c ted and the dry 

weight of the a lgal c e l l s was d e t e r m i n e d . This dry weight inc reased 
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with increase in detention up to seven days. 

(d) Chlorophyll Content of the Algal Cells 

It was observed in the Pilot Plant 1 studies that at short 

detention periods the chlorophyll content of the algal cell materia l 

was high. On a comparative basis, the total chlorophyll content of 

the water in the pond increased with detention period and decreased 

with an increase in depth. This was probably due to the age of the 

algal cel ls. Pilot Plant 111 results indicated that the total 

chlorophyll content of the waters in the pond decreased with depth 

from 3. 2 ppm at 4 inches to 1 . 1 5 ppm at 19 inches. 

(e) Total Suspended Solids 

Suspended solids determinations w e r e made on samples ob-

tained from the supernatant pond waters af ter settling had o ccu r r ed 

for a period of half an hour in an Imhoff cone. The Pilot Plant 111 

results indicated that the solids content of the suspension increased 

with increase in detention period but decreased with an increase in 

depth. As these results are similar to the effect that depth and 

detention period have on the algal content, it is observed that the 

increase in suspended solids is largely due to increased algal 

content. 

(f) Volatile Suspended Solids 

The Pilot Plant 111 experiments indicated that upon increasing 

the detention period from one to seven days the volati les in the 

suspended solids doubled. This was due principally to an increase 

in algal content which increased threefold over the increase in 

detention period. A decrease in depth brought about an increase in 

algal cells. 

(g) Suspended Solids, Nitrogen Content. 

The nitrogen content of the suspended solids is an important 
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f ac to r in e v a l u a t i n g the o p e r a t i o n of the pond a s it i s a d i r e c t 

indicat ion of the p r o t e i n content of the s u s p e n d e d s o l i d s . It w a s 

o b s e r v e d that no m i x i n g cond i t ions in the pond w e r e m o s t e f f e c t i v e 

in the p r o d u c t i o n of p r o t e i n . T u r b i d i t i e s and hence r e d u c t i o n of 

a v a i l a b l e l i ght to the a l g a l c e l l s c a u s e d a r e d u c t i o n in p r o t e i n content 

of the s u s p e n d e d s o l i d s . A m a x i m u m of p r o t e i n p r o d u c t i o n w a s 

o b s e r v e d a t a detent ion p e r i o d of f o u r d a y s . The n i t r o g e n content ob-

tained a t s h o r t e r de tent ion p e r i o d s than four d a y s r e m a i n e d low a s 

the a l g a l c e l l s did not have t i m e to m a k e fu l l u s e of the nit r o g e n 

a v a i l a b l e to t h e m . At de tent ion p e r i o d s beyond four d a y s the c e l l s 

b e c a m e old and no l o n g e r s y n t h e s i s e d p r o t e i n , r e s o r t i n g to the 

s t o r a g e of n o n - n i t r o g e n o u s s u b s t a n c e s . The l i m i t a t i o n of n i t rogen 

at g r e a t e r detent ion p e r i o d s m a y a l s o have had a n e f f e c t . A 

m a x i m u m n i t r o g e n content wa.s o b s e r v e d at a depth of f o u r t e e n i n c h e s . 

This w a s p r o b a b l y a. r e s u l t of the a v a i l a b i l i t y of l ight a t g r e a t e r 

depths and the e x c e s s i v e d a m a g i n g l ight a t l e s s e r d e p t h s . 

(h) P h o s p h o r o u s Content of the S u p e r n a t a n t L i q u i d . 

The e f f e c t of depths and detent ion p e r i o d s on the p h o s p h o r o u s 

content of the c e n t r i f u g e d s u p e r n a t a n t l iquid showed an i n v e r s e 

r e l a t ionsh ip to a l g a l content . It w a s o b s e r v e d in the P i l o t P l a n t 111 

s tudies that a t d e p t h s be low f o u r i n c h e s p h o s p h a t e s t a r v a t i o n o c c u r r e d 

in the a l g a l c e l l s . The only p o s s i b l e r e a s o n f o r the l a c k of a v a i l a b l e 

phosphate could h a v e b e e n the p r e c i p i t a t i o n of p h o s p h a t e s a s i n s o l u b l e 

s a l t s . T h i s w a s m o s t p r o b a b l y due to the high p>H l e v e l s a t the l o w e r 

depths . 

(i) N i t r o g e n in f o r m of A m m o n i a 

A s tudy w a s m a d e in e a c h of the p i lo t p lant t e s t s to d e t e r m i n e 

the n i t r o g e n change in the pond o v e r the s e v e r a l l e v e l s of independent 

p a r a m e t e r s . The e f f e c t of a l g a l g rowth w a s a p p a r e n t in e a c h of the 
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studies as ammonia nitrogen is the principal source of nitrogen in 

algal synthesis. It has been suggested by Oswald et a l . (17) that 

"the amount of NH^ - N or NH^ - N remaining in the supernatant 

liquid also may be indicative of the photosynthetic oxygenation 

p r o c e s s , " An increase in detention period resulted in a definite 

decrease in the ammonia content of the supernatant l iquid. S imi lar ly 

an increase in depth resulted in an increase in NH^ - N remaining, 

( j ) Light penetration. 

The light penetration was determined by measuring the depths 

at which saturation light intensity (400 foot candles), compensating 

intensity (30 foot candles) and light extinction occurred. The 

incident light was used as average daylight in all three studies. 

F igure 3 shows the observed variation in the total extinction depth 

through the variation of depths and detention t imes in P i l o t Plant i l l 

studies. The ef fect of the increased turbidity at longer detention 

periods is evident. The influence of depth indicates the e f f ec t of 

turbidity due to algal cel ls . 

(k) pH and Dissolved Oxygen. 

pH and dissolved oxygen studies included measurements at 

9 a . m . and 2 p . m . on every day of the tests in al l pilot plants. 

P i lo t Plant 11 included 24 hour studies of the parameters . F igures 

4 and 5 show the average variation of pH and dissolved oxygen with 

depth and detention period fo r the P i l o t Plant 111 studies. High pH 

values indicate increased algal act iv i ty in the uptake of carbon 

dioxide and production of a lgae. The dissolved oxygen curves 

indicate a level l ing off after detention periods of four days. This is 

due to the super saturation of oxygen reaching such high proportions 

that it is lost to the atmosphere. At a depth of fourteen inches the 
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the condit ions f avour ing l o s s of oxygen w e r e more ex tens ive than 

those at 19 and 24 inch depths . 

(1) B . O . D . Reduct ion 

B . O . D . reduct ion and i t s dependence upon depth and detention 

per iod i s bes t i l l u s t r a t e d by F i g u r e 6 which shows a v e r a g e B . O . D . 

r emova l s in P i l o t P l a n t 11 . A def in i te peak ind i ca t e s high reduct ion 

at three day s detent ion . P i l o t plant 111 studied B . O. D . r emova l in 

t e r m s of s t ab i l i z a t ion f a c t o r s and in the s tud ies P i lo t P l an t 11 r e s u l t s 

were conf i rmed , 

(m) Sludge Depos i t ion . 

P i lo t P l an t 11 inc luded s tud ies on s ludge deposi t ion which 

although not comple te , r e s u l t s did sugges t a pa t te rn of slow sludge 

bui ld-up. Due to the t e s t p r o g r a m m e under taken , m e a s u r e m e n t of 

the sludge depos i t ion a t v a r y i n g depths and detention per iods was 

not p r a c t i c a b l e , 

(n) Oxygenat ion Fac to r 

F i g u r e 7 shows the oxygenat ion fac tor F/F a s plotted aga in s t 
c 

Hydraul ic Loading Fac to r a s observed in the P i lo t P l an t 111 

exper iment s , and r eproduced f r o m (17) . As m a y be noted f rom the 

plot the oxygenat ion f ac tor s e r v e s a s a va luab le indicat ion of the 

pe r formance of the pond. As the oxygen demand i s me t by photo-

synthetic a c t i v i t y a t oxygenat ion f a c to r s g r e a t e r than one, it i s 

de s i r ab l e to de s i gn ponds with f a c to r s above 1 . 5 and thus loading 

fac tors l e s s than 3 . 5 . 
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111 . OPERATION OF HIGH RATE PONDS IN AUSTRALIA 

The use of high rate oxidation ponds in Australia has been 

confined to the work which was carr ied out by the Water R e s e a r c h 

Foundation between 1957 and 1962. The pro j e c t was f i rst proposed 

to the Water Research Foundation by Sir Phil l ip Baxter . The 

Foundation established a research fel lowship for the purposes of 

the investigation which was entitled "The use of green algae as a 

method of sewage treatment" . It was decided that the work in 

the pro ject would be carr ied out by a full time research fe l low under 

the direction of an advisory panel of experts consisting of Assoc ia te 

P r o f e s s o r P . AV . S . Ryan, Pro fe ssor F . ¥7 . Ayscough, M r . D . K . B . 

Thistlethwayte and P r o f e s s o r B . J. Ralph. M r . F . J . Gardner B . S c . 

(Agriculture) was appointed as research fe l low and commenced work 

in May 1957 and worked on the investigation until 1962. 

The purpose of the Foundation's pro jec t was to c a r r y out a 

study of the system used in Cali fornia, under loca l conditions to -

1 . Determine whether such a system could be used 

successful ly in Austral ia . 

2, Compare the operation of a high rate pond in Australia 

to that in the United States and 

3. Compare the high rate pond system of sewage treatment 

to other systems used loca l ly . 
Laboratory Investigations 

Before undertaking the construction of the pilot plant pond, it 

was necessary to undertake laboratory experiments to determine 

whether sewage f r o m which the bulk of the solid mater ia l had been 

removed by settling out, could be purif ied through the a lga l -

bacterial symbiosis p r o c e s s . Two aspects were of importance 
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1) the pur i f i ca t i on a c h i e v e d as m e a s u r e d by the B . O . D . 

reduction and, 

2) the condit ions under which a lgae could be maintained in 

such a pond. 

In the exper imenta l w o r k , nine 300 m l , samples of settled 

sewage w e r e p laced in 1 l i t re capac i ty E r l e n m e y e r f lasks and 

innoculated with a c o m p o s i t e 50 m l , sam.ple of a lgae . 

The algae used f o r innoculat ion were co l l e c ted at Fa i r f i e ld on 

31st July, 1957, f r o m the gr it c h a m b e r of the new w o r k s , f r o m the 

oxidation ponds and s o m e w e r e s c r a p e d off stones f r o m the 

bio logical f i l t e r , 

A c o m p o s i t e culture was added at 50 m i s per 300 m i s sewage . 

It was est imated that the algal c o m p o s i t i o n was approx imate ly : 

50% Euglena, 40% C h l a m y d o m o n a s , 5% S c e n e d e s m u s , 3% Chi led on, 

and a l so Chlore l la 2%, A n k i s t r o d e s m u s , O s c i l l a t o r i a , Hormid ium 

and a few b l u e - g r e e n a lgae l ike Aphanacapsa . 

Six of the f lasks w e r e aerated using a i r which had f i r s t been 

f i l tered in an oil and water extract and then a cotton wool f i l t e r . A l l 

f lasks were plugged with cotton wool and faced north in the 

laboratory with white paper on the south side to r e f l e c t light into 

the culture. F ive of the f l asks w e r e fed daily with f r e s h sewage by 

f i rst withdrawing 50 m l . of the contents of the f lask and then adding 

50 m l . of f r e s h s e w a g e . Two of the f lasks had 50 m l . r emoved 

daily, which was f i l t e red and the f i l t ra te , f r e e d f r o m the algae which 

were d i s c a r d e d , was returned to the f l a sk . A l l f lasks were 

innoculated on 31st July, 1957 and daily feeding and f i l ter ing , where 

appl icable c o m m e n c e d on 7th August , 1957. 

The a r r a n g e m e n t used in the l abora to ry is shown in F igure 8. 

The results of the p r e l i m i n a r y invest igat ion a r e l isted in Table 3. 
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Laboratory Observat i ons . 

pH m e a s u r e m e n t s w e r e made on a dai ly b a s i s . F o r the aerated 

and s t i rred samples the pH var ied between 7 and 8. The s a m p l e s 

which were f i l tered and not s t i rred showed pH values between 6 and 7 

as did the sample which was not s t i r r e d . 

In most of the f lasks a green solution was o b s e r v e d . Those 

samples which were not fed daily turned ye l low indicating that the 

algae had died. These samples produced gas bubbles s i m i l a r to 

anaerob ic condit ions. The unst irred sample was capable of producing 

enough oxygen to b iodegrade the sewage , which was in jec ted dai ly . 

This indicated that the a lga l -bac ter ia l s y m b i o s i s o c c u r e d in that 

sample . The exper iments showed that a detention t ime of 5 days was 

adequate f o r algal product ion . It a l s o showed that the a lgae would 

thrive under conditions d e s c r i b e d by Table 3. It was noted that the 

genera of algae observed in the p r e l i m i n a r y experim.ents d i f f e red 

f r o m those observed in the Cal i fornian invest igat ions . 

In view of the above observations. , it was dec ided by the 

A d v i s o r y Panel to p r o c e e d with the construct ion of a pond at the 

Fa ir f i e ld Sewage Treatment Plant of the Metropo l i tan Water Sewerage 

and Drainage Board . 
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FIG. a EXPERIMENTAL ARRANGEMENT USED IN LABORATORY 
TESTS 



- 2 1 -

T A B L E 3 

L A B O R A T O R Y INVESTIGATIONS AND OBSERVATIONS 

Flask Sewage ^ e r a t e d F e d Dai ly F i l t e r e d 
Dai ly 

Algae 
Developed 

1 Domes t i c Y e s Y e s No 2% Chlamydomona 
10% Scenedesmus 
80% Chlorel la 

3% Cyclidium 
2 Industr ial Y e s Y e s No Amoeba , Colpoda 

Ni tz sch ia , 
Navicula , 
Chodatel la , 
Ulothrix 
Physomonas 

3 Domes t i c Y e s No Yes As for 1 and 2 
but few in number 

4 Industr ia l Y e s No Yes and dying 

5 Domes t i c Y e s 4% CO^ No Chlore l la , 
¿é Scenedesmus 

(abundant) 
C o e l a s t r u m 

6 Industr ia l Y e s 4% CO^ No Amoeba 
Chodatella 

7 Domes t i c No No No As for 1 and 2 
but m o r e 

8 Industr ial No No No Chlam yd om ona s 

9 Industr ia l No Y e s No L a b o r a t o r y 
s t i r r e r u s e d . 
Top s a m p l e s 
showed 
Chlamydomona s 
Bottom s a m p l e s 
Chodatel la , 
Aphanocapsa , 
Nephrocytium, 
Os c i l l a tor ia , 
Synedra , and 
O c y s t i s . 
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The Fairf ie ld Pi lot Plant (1957 to 1962) 

Two designs for the pond were considered by the Advisory-

Panel . These were one c i r cu lar , and one rectangular in shape. 

It was originally thought that the design of a c i r cu lar pond would 

overcome the problem of shading. However , after further c o n -

sideration by the Advisory Panel the c i rcu lar design was r e j e c t ed . 

The pond, as shown in Figure 9, was designed in the f o r m 

of a rectangular tank. It was 35 ft. 6 inches long by 11 f t . wide 

and 2 ft. deep for two thirds of its length. At the outlet end the 

last 8 feet sloped to 2 feet 6 inches deep in a U-shaped trough to 

provide an area for concentration and drainage. The walls were 

designed to be sloping, the bottom of the pond having a width of 

five feet . Both ends of the pond were vert ica l with a feed chamber 

5 feet by 1 foot and an exit well 2 feet by 2 feet . 

The tank was constructed of concrete dug into the ground 

with the top r im protruding 3 inches above the ground to prevent 

any flooding f r o m the surrounding area . 
The surface area of the pond was determined by the 

following formula, 

A = 187. 6 + 112.2 d . . . (5) 

where A is the area in square feet 

and d is the depth in feet 

The volume of the pond at the various depths was determined by 

V = 187.6 d + 56.2 d^ . . . (6) 

where V is the volume in cubic feet 
The detention period of a given flow into the pond at a given depth 
was: 
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Figure 10. V i e w of Pond looking south (1957 - 1962) 
A p p r o x i m a t e l y 10" of l iquid l i e s in pond. 
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^ = - - (7) 
Q 
V 

where Q = f low in cubic feet per day 

and D = detention per iod in days 

The capacity of the pond was 3, 700 gallons when full to the 

ledge but under the normal operating conditions the water level 

did not exceed twenty one inches and a volume of 3, 100 gallons. 

Negotiations with the Metropolitan Water, Sewerage ard 

Drainage Board resulted in the Board ' s constructing the pond at 

the Fairf ie ld Sewage Treatment Plant. Al l influent, effluent and 

mixing faci l i t ies were provided by the Water Research Foundation 

grant. 

Description of Pond Operation. 

The settled sewage f lowed by gravity f r o m one of the treat-

ment plant trickling f i l ter dosing syphons through a 1 inch 

diameter pipe to the 4 foot long manifold resting on the bottom of 

the inlet end sump which had /̂i inch holes at 1 foot centres . There 

were no screens or seives at either end of the l ine, and no pumps 

were used. 

Each drainpipe on the dosing syphon had an offtake 1 foot 

long with a s top - cock be fore a tee to allow the syphon to be flushed 

daily by the staff of the treatment works , and when necessary to 

clean the influent p ipe . The f low rates were adjusted by hand by 

a plug cock with removable wrench at the inlet end sump. To 

check the rate of f low a stop cock and tee with plug were provided 

in order to bypass the mani fo ld . The influent system is outlined 

in Figure 11 (a) . 
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The eff luent was d i s c h a r g e d f r o m the ef f luent pump through 

piping to a manhole on the bank of Orphan School C r e e k and thence 

through pumping stat ion 123 back through the t r e a t m e n t w o r k s . It 

could a l so be pumped to a s m a l l l a b o r a t o r y when n e c e s s a r y and 

a f t e r the r emova l of a l g a e could d r a i n by g r a v i t y back to the m a n -

hole . The eff luent pump w a s contro l led by a f loat swi tch whose 

f loat was located in a s t i l l ing we l l 6" in d i a m e t e r m a d e of 

ga lvan ized shee t . In this way an a t tempt to control the depth of 

the pond was employed . The eff luent s y s t e m i s outl ined in 

F i gu r e 11 (b) . 

The mix ing pump was control led by a synchronous t i m e r 

which switched on for s ix minutes e v e r y hour . The inf luent to 

the mix ing pump was through a check va lve in take loca ted in the 

centre of the pond. The d i s t r ibut ion of the mix ing wa t e r w a s m a d e 

through a network of p ipes l a id on the bottom of the pond having 

holes throughout the i r length to d i s p e r s e and m i x the l iqu id in the 

pond. The mix ing s y s t e m i s outl ined in F i g u r e 11 ( c ) . 

The detention per iod was contro l led only by the va lve in the 

influent l i n e . The depth of the pond was ma in t a ined be tween 

16 and 18 inches . In some in s t ance s dur ing the opera t ion of the 

pond the g r av i t y flow inf luent l ine bec ame p lugged and the depth 

was lowered below the 16 inch l eve l by evapora t ion , and the 

detention t ime rose cons ide r ab l y above the intended pe r i od of 

f ive d a y s . 

Evaporat ion was taken into account dur ing the c o u r s e of the 

exper iment and reached 1 to 1 inches per week in s u m m e r and % 

inch per week in w i n t e r . Whenever evapora t ion exceeded the 

inf luent ra te and the l eve l in the pond d e c r e a s e d a s a r e s u l t , the 

l iquid in the pond was r ep l en i shed with tap w a t e r . The l o s s in 
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detention time due to rainfall v/as part icularly important during 

November and part of D e c e m b e r in 1961 when at least sixteen inches 

of rain fe l l . No s imple physical correc t ion could be made for this 

situation. 

The pond was put into operation in Septem.ber, I960. It was 

seeded with cultures of algae which were largely Chlorella and 

Scenedesmus in genera . Culture growth occurred within three 

weeks when algal counts were observed to be similar to those 

observed in the Cali fornian ponds. With satisfactory culture growth 

attained, the influent line was then adjusted to maintain the correc t 

detention period and the effluent float control was set to maintain 

the appropriate depth. Although the pond was mixed by hand, it 

became septic and anaerobic on several o ccas ions . Installation 

of the mixing pump and its per iodic operation solved this difficulty. 

Observations 

The Fair f ie ld pilot plant was kept in continuous operation 

between October i960 and February 1962» Observations were 

made on the waters in the pond on a weekly and sometimes f o r t -

nightly bas is . The analyses of the waters in the pond included 

(a) colour, (b) odour, (c ) d isso lved oxygen, (d) pH, (e) packed 

centrifuged vo lume, (f) ce l l s per mi l l i l i t re , (g) temperature, 

(h) algal genera (i) influent B . O . D . , ( j ) effluent B . O . D . , (k) 

centrifuged effluent B . O . D . , (1) total so l ids , (m) settled solids 

and (n) alkalinities. Al l analyses were per formed according to 

"Standard Methods f o r the Examination of Water and Wastewater" 

( 28 ) , 

These observations are set out in Tables 4, 5 and 6. The 
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observations were made between 9 a . m . and 11 a . m . on the dates 

indicated. Explanations of the column headings in the tables a re 

as follows c 

(a) Table 4 

Column 1 indicates the colour of the sample as withdrawn f r o m 

the pond. 

Column 2 descr ibes the odour of the water in the pond, 

together with identification of H S gas if present . 

Column 3 gives the d isso lved oxygen content of the sample f r o m 

the pond. The dissolved oxygen analyses were p e r f o r m e d using the 

A z i d e - A l sterberg modif icat ion of the Winkler method (28). 

Column 4 f ives the pH of the sample . A pH comparator was 

used in these analyses . 

Column 5 gives the volume of the compacted sol ids resulting 

f r o m centrifuging operations. These observations are given as 

mil l i l i tres of packed sludge and algal ce l ls per l itre of pond water . 

Column 6 is the total number of ce l ls estimated f r o m 

identification of organisms present in several squares of a h a e m o -

cytometer under a m i c r o s c o p e . They were observed as ce l l s per 

mil l i l i tre of pond water. 

Column 7 shows the temperature in degrees Centigrade of the 
air in the vicinity of the pond. 

Column 8 records the weather in the vicinity of the pond on the 

date indicated and at the time of sampling and observing the pond. 

(b) Table 5 

This table l ists the individual counts of di f ferent genera of 

algae and other organisms present . The ce l l s counted under the 

heading "Others" include those whose population was v e r y low. The 
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percent quantity of each of the pr inc ipa l a lgae based on the total 

number counted i s l i s ted a l s o , 

(c) Table 6 

Co lumn 1 g ives the t e m p e r a t u r e in d e g r e e s Centigrade at 

which the B o O o D . test was c a r r i e d out together with the per iod of 

time between the two d i s s o l v e d oxygen de terminat ions . The 
o reason f o r c a r r y i n g out the test at 25 C resul ted f r o m the lack 

of a suitable incubator at 20°C with heating and cool ing fa c i l i t i e s . 
o 

B . O . D . de terminat ions m a d e at 25 C w e r e made using a Warburg 

apparatus. 

Co lumn 2 g ives the B . O . D . m e a s u r e d f o r the settled sewage • 

the influent to the pond. 

Column 3 g ives the B . O . D . m e a s u r e d f r o m the eff luent of 

the pond as sa,mpled whi le the algae w e r e still p resent in the 

sample . 

Column 4 ind icates the B . O . D , m.easured f o r the eff luent 

after the algae had been centr i fuged out. 

Column 5 g ives the p e r c e n t B . O . D . reduction ach ieved in 

the pond m e a s u r e d as the d i f f e r e n c e between the influent B . O . D . 

(Column 2) and the centr i fuged ef f luent (Colum.n 4) given both in 

ppm oxygen demand and % reduct i on . 

Column 6 g ives the value of the total so l ids as ppm by 

weight p resent in the ef f luent w a t e r . 

Column 7 l i s ts the sett led so l ids as ppm by weight in the 

effluent water d e t e r m i n e d by decanting off the supernatant l iquid 

f r o m an Imhof f cone a f t e r settl ing had o c c u r r e d . 

Column 8 indicates the total alkalinity observed in the waters 

of the pond in ppm as c a l c i u m carbonate . 



T A B L E 4a OBSERVATIONS 

Date 

1 960 

Co lour Odour D i s s o l v e d 
oxygen 

p p m . 

PH Centrif . 
V o l . 
m l / 1 

Ce l l s 
p e r m l . 

1 
T e m r 1 Weather C o m m e n t s 

Sep . 5 g r e y 
brown 

sept i c 0'. 0 4 . 1 3 19 f ine 
w a r m 

began seeding 
culture 

S e p . 1 3 b r o w n i s h 
g r e e n 

rank 0 . 5 
c loudy growth fa i r 

S e p . 2 0 l ight 
g r e e n 

l e s s 
odour 1 .63 18 

c loudy 
c o o l 

S e p . 2 3 br ight 
g r e e n 

none 15. 5 2 .1 6 1 . 7 x 1 0 1 6 . 8 
S e p . 2 7 br ight 

g r e e n 
none 12. 5 2. 35 6 2 . 4 x 1 0 1 9 . 4 

S e p . 2 8 br ight 
g r e e n 

2 . 9 8 

O c t . 4 br ight 
g r e e n 

14. 3 9 . 2 4. 25 
9. 1x10^ 1 7 . 4 

O c t . 7 
ident i f i ed 

Ì 8. 0 9 . 5 6. 25 17. 8 f ine e v a p o r a t i o n 
high 

O c t . 11 y e l l o w 
g r e e n ident i f i ed 

10. 5 9 . 2 4 . 50 25. 6 f ine 1 20 gals . i n -
f luent added 

O c t . 14 m e d i u m 
g r e e n 

s l ight H S 
Ct 

and sept i c 

14. 6 9 . 4 2 . 0 
3. 7x10^ 26. 0 

hot 
f ine 

O c t . 19 m e d i u m to 
dark g r e e n 

In one 19. 7 9 . 2 2. 5 18. 8 c l o u d y 
wet 

2 i n c h e s l e s s 
r e p l e n i s h e d . 



T A B L E 4 b OBSERVATIONS 

Date 

I 960 

Colour Odour Di s so lved 
oxygen 

p p m . 

PH Cent r i f 
vo l . 

ml/1 

C e l l s ' 
p e r m l 

i?emp W e a t h e r C o m m e n t s 

Oct . 21 m e d i u m 
g r e e n 

n i l 34. 5 9 . 4 3. 5 1 7 . 4 cloudy-
we t 

Oct . 25 m e d i u m 
g r e e n 

n i l 1 . 4 8. 0 2 . 2 5 18 . 8 c loudy 
w e t 

lYz" r a i n 
1 00 g a l l o n s 
i n f l uen t added 

Nov, 1 m e d i u m 
g r e e n 

n i l 1 0 . 4 7. 2 1 . 5 
1 . 4 1 x 1 0 ^ 

23. 2 wa rm. 200 g a l l o n s 
i n f l u en t added 

Nov. 4 d a r k 
g r e e n 

2 3 . 9 9 . 2 1 . 0 21 . 4 c loudy 
cold 

Nov. 7 da.rk 
g r e e n 

23. 9 1 . 75 
6 

4. 1x10 
f ine 

Nov. 11 1 3 . 4 f i n e 
wa rrri 

D e c . 7 b r i gh t 
g r e e n to 
b l a ck 

s e p t i c 0. 3 w e t 

D e c . 13 b r i gh t 
g r e e n 

s t agnant . 5 
. 48x10^ 

we t 
cold 

D e c . 29 b lack 
g r e e n 

H S 
2 

3 . 7 5 hot 



T A B L E 4c OBSERVATIONS 
Date 

1961 

Co lour Odour D isso lved 
Oxygen 

ppm 

PH Centrii 
V o l . 

m l / I 

: Cel ls 
per 
m l . 

r emp 
" c 

Weather Comments 

Jan. 1 3 black 
g r e e n 

dank 3. 25 hot 

F e b . 7 m e d i u m 
g r e e n 

f r e s h 18 f ine 
hot 

M a r . 7 dark 
green 

1 . 5 

M a r . 20 dark 
g r e e n 

M a r . 22 dark 
g r e e n 3. 1x10^ 

A p r . 1 8 2 . 5 cloudy-
A p r . 27 dark 

g r e e n 4 . 5 1 . 1 5x1 0^ c loudy 
Jun. 6 dark 

g r e e n 
f r e s h 1 2 . 8 1 . 7 12 f ine 200 gal lons 

Jun .22 dark 
g r e e n 

8. 8 2 . 0 12 

Jun .26 15. 8 8 . 2 n f ine 
Jun .29 15. 0 8.1 2. 5 11 
Jul . 6 8 .6 2. 5 11 f ine 

windy 
Jul. 13 dark 

g r e e n 
8 . 8 2. 25 12 243 ga l l s , 

inf i l trate 
added in 
three days 



T A B L E 4d OBSERVATIONS 
Date 

1961 

Co lour Odour Dis so lved 
Oxygen 

ppm 

PH Centrif 
V o l 

m l / 1 

Ce l l s 
per 
ral . 

Temp Weather C o m m e n t s 

Jul. 20 1 3 . 3 
Jul. 24 2 . 5 4 .36x10^ 
A u g . 1 0 v e r y dark 

green 2 . 1 8 
Aug . 17 v e r y dark 

green 
f r e s h no influent 

or e f f luent 
A u g . 24 8 .6 4. 5 4.85x10^ 
S e p . 2 8 28 4~O7Ò" 25 no rain 
Oct . 12 34. 0 8. 8 3 .75 2 .55x10^ 25 rain 0. 1 29 ins . 
O c t . 19 6 . 5 3 . 0 rain 0 . 4 8 ins . 
Oct . 26 black septic 2 . 6 7 . 4 3 . 7 5 rain 0 . 4 2 ins . 
Nov . 2 0 .1 7 . 4 11 . 3 8 .5x10^ 25 
Nov . 11 1 7 . 0 7 . 2 3 . 5 3 :35x10^ 25 
N o v . 2 3 7 . 6 7 .6 2 . 2 5 2: 18x10^ 21 rain 1 . 1 3 8 ins . 
Nov . 30 12.1 2 . 5 K 5 x l 0 ^ 25 rain 0. 235 ins . 
D e c . 14 29 .6 7 . 9 4 25 rain 0 , 2 5 ins . 
D e c . 21 27 rain 0. 202 ins . 



T A B L E 4 € O B S E R V A T I O N S 

D a t e C o l o u r O d o u r D i s s o l v e d 
O x y g e n 

p p m 

PH C e n t r i f 
V o l . 

m l / I 

C e l l s 
p e r m l . 

T e m p 

^ C 

W e a t h e r C o m m e n t s 

D e c . 28 25 r a i n 0 . 1 9 8 i n c h e s 

1 9 6 2 
J a n . 4 r a i n 0 . 0 2 5 i n c h e s 

J a n . 1 1 r a i n 0 . 3 1 9 i n c h e s 

J a n . 1 8 26 r a i n 0 . 2 2 3 i n c h e s 

J a n . 2 5 26 r a i n 0 . 084 i n c h e s 

F e b . 1 7 . 8 26 r a i n 0 . 030 i n c h e s 

F e b . 8 30 r a i n 0 . 069 i n c h e s 

F e b . 16 7 . 6 30 r a i n 0 . 1 3 1 i n c h e s 

F e b . 22 7 . 8 25 r a i n 0 . 4 2 2 i n c h e s 

OO 



T A B L E 5a O B S E R V A T I O N S 
I 9 6 0 S e p t . 23 

C e l l s 
p e r m l . 

% S e p t , 27 
C e l l s 
p e r m l . 

% O c t . 4 
C e l l s 
p e r m l . 

% O c t . 14 
C e l l s 
p e r m l . 

% N o v . 1 
C e l l s 

p e r m l . 
% 

S c e n e d e s m u s 1 . 2 5 x 1 0 ^ 73 2. 13x10^ 88 7 x 1 0 ^ 77 2 . 6 x 1 0 ^ 70 . 7 8 x 1 0 ^ 55 
Chi or e 11a 0, 25x10^ 15 4 . 7 x l O ^ 2 . 3 5 x 1 0 ^ 4 . 0 5 x 1 0 ^ 1 . 1 6 5 x 1 0 ^ 12 
C h l a m y d o m o n i ÌS 0 . I x i O ^ 6 1 . 05x10^ 4 6 . 125x1 1 . 3 5 x 1 0 ^ 10 . 1 6 5 x 1 0 ^ 12 
E u g l e n a 4 . 9 x 1 0 1 
C h o d a t e l l a . 1 x 1 0 ^ 1 
A m o e b a e . 0 2 5 x 1 0 
P l e u r o c o c c u s 1 . 9 x 1 0 ^ -

C y a n o p h y t a 1 . 0 6 x 1 0 5 4 .727x1 8 . 4x10^ 11 . 05x10^ 3 
C o s m a r i u m . 3 x 1 0 ^ J 3 , 2 5 x 1 0 ^ -7 1 

D i c t y o p t e ri s 3 . 8 x 1 0 ^ -

Anki s t r o d e s m \ IS 0. 1x10^ 6 2. 4x10^^ 1 . 3 3 x 1 0 ^ 4 . 0 5 x 1 0 1 
C h r o o c o c c u s . 2 5 x 1 0 ^ 18 
O t h e r s 1 . 9 x 1 0 ^ -

é .17 5x10 ' 2 

T O T A L I . 7 x 1 0 ^ 100 6 2 . 4 3 x 1 0 100 9 . 1 x 1 0 ^ 100 3.7x10"^ 1 00 1 . 4 1 x 1 0 ^ 100 



T A B L E 5b OBSERVATIONS 
I960 1961 

Nov.11 
Cells 
per m l 

% D e c . T 3 
Cells 
per ml 

% M a r . 2 2 
Cel ls 
per ml 

% A p r . 27 
Cells 
per ml 

% Jul. 24 
Cells 
per ml 

% Aug. 24 
Cel ls 
per m l 

% 

Scenedesmus 3 .7x10^ 89 [ i x l O ^ 21 .45x10^ 15 1.1x10^ 96 2.0x10^ 46 4 .85x10^ 100 

Chlorel la .1x10^ 2 2. 3x10^ 74 6 . 05x10 ! 4 . 01x10^ -

Chlamydomona s .05x10^ 10.5 . 3 xlO^ 7 

Euglena 

Chodatella . 05x10^ 2 . 0125x10^ -

A m o e b a 

P l e u r o c o c c u s 

Cyanophyta 

C o s m a r i u m 05x10^ 10.5 

D i c tyopter i s 

Anki s t r ode s mu s 

C h r o c c o c c u s 6 . 15x10 4 

Other . 2x10^ 5 .28x10^ 58 . 30x10^^ 9 2 .04x10^ 47 

T O T A L A L G A E 
6 4 .15x10 100 

6 .48x10 100 6 
3. 1x10 100 1 .15x10^ 100 4. 36x10^ 100 4 .85x10^ 100 



T A B L E 5c O B S E R V A T I O N S 
1961 O c t . 12 N o v . 2 N o v . 9 N o v . 23 N o v . 30 D e c . 14 

C e l l s 
p e r r a l 

% C e l l s 
p e r m l 

% C e l l s 
p e r . . m l . 

% C e l l s 
p e r m l 

1o C e l l s 
p e r m l 

% C e l l s 
p e r m l 

% 

S c e n e d e s m u s 6 2 . 5 x 1 0 98 4 . 9 5 x 1 0 ^ 65 1 2.5x1 0^ 83 1 . 9 x 1 0 ^ 64 82 2 . 2x1 56 
C h l o r e l l a - 0 . 5 x 1 0 ^ 6 .225x1 0^ 8 6 . 0 5 x i 0 2 O . l x I O ^ 6 . 0 7 5 x 1 0 ^ 2 
C h l a m y d o m o n a E 3 . 0 5 x 1 0 ^ 2 6 0 . 5 x 1 0 6 . 0 5 x 1 0 ^ 2 6 . 4 5 x 1 0 21 _ -

E u g l e n a 
D i c t y o s p h a e r i u i n 0 . 9 x 1 0 ^ 12 
C h r o o c o c c u s 1 . 5 7 5 x 1 0 ^ 39 
C y a n o p h y t a 0 . 7 5 x 1 0 ^ 10 
Xa n t h ophy c ea e . 2 2 5 x 1 0 ^ 7 6 2 2 5 x 1 0 11 
P r o t o z o a 0 . 5 x 1 0 ^ 
P . o t i f e r . 0 5 x 1 0 ^ 
S " B a c t e r i a 6 . 8x10 - . 35x10^ -

O t h e r A l g a e 0 . 1 x 1 0 ^ 1 „ 0 5 x 1 0 ^ 2 . 2 x 1 0 ^ 12 0 . 1 x 1 0 ^ 3 
T O T A L A L G A i C 2 . 5 5 x 1 0 ^ 100 7 . 7 x 1 0 ^ 100 3 . 0 x 1 0 ^ 100 2 . 1Bxi IOC 1 . 6 0 x 1 0 ^ 100 3 . 9 5 x 1 0 ^ 100 

oo (jn 



TABLE 6 OBSERVATIONS 
Date 

i960 

Bod 
Temp/ 
Days 

Bod 
Settled 
Sewage 

ppm 

Bod 
Effluent 

ppm 

Bod 
Centrif. 

Effluent 
ppm 

Reducti on 
ppm % 

Total 
Solids 
mg/1 

Settled 
Solids 
mg/1 

Alkalinity 
Ca CO^ 

mg /1 

Jul. 13 25/5 360 1 30 37 333 90 
Aug. 10 20/5 251 58 27 224 89 
Aug. 17 25/5 225 111 

Aug. 13 25 /5 373 

Sep.28 20/5 65 6 

Oct . 12 25/5 89 8 

Oct. 26 25/5 91 
Nov. 23 . 25/5 53 3 419 142 46 

Nov. 30 25/5 43 3 394 222 38 

Nov. 2 1900 400 

Nov. 9 107 5 424 198 

D e c . 14 (40) (2) 60 

00 o 
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Discuss ion of Observat i ons at F a i r f i e l d (July 1957 to F e b r u a r y , 1962) 

Although the m a l - o p e rati on of the pond resulted in per iods of 

septic condit ions , suf f i c ient useful resul ts w e r e obtained to enable 

comparison of s e v e r a l a s p e c t s of a l g a l - b a c t e r i a l symbios i s p r o c e s s 

as a method f o r treating settled sewage under Austral ian conditions 

with the results obtained in the Cal i fornian studies . 

(1) Depth and Detention P e r i o d 

During the p e r i o d of pond operat ion the depths varied between 

14 and 16 inches (average 15 inches ) and the detention per iods ranged 

f rom 2̂ 4 to 1 0 days (average 5 days ) . The range of detention per iods 

used in the Cal i fornian studies ranged f r o m 0 .7 to 10 days while the 

depths ranged f r o m 2" to 24" . 

(2) D isso lved Oxygen (D. O. ) in Cort ents of Pond . 

The d i s s o l v e d oxygen content ranged f r o m z e r o when conditions 

were septic to 34. 5 ppm when the pond was operating at high 

e f f i c iency . The D . O . was not studied in as great detail as in 

California where a 24 hour run using P i l o t Plant 11 gave results 

ranging f r o m 0 ppm D . O . at night to concentrat ions above 30 ppm 

during the day (17) . During s o m e observat ions however , the waters 

in the pond at F a i r f i e l d w e r e supersaturated with D . O . at l eve ls 

several t imes greater than the normal saturation D . O . va lues . 

All D . O . samples at Fa i r f i e ld were taken during the daylight 

hours. The o c c u r r e n c e of the range of observed d i sso lved oxygen 

values were as f o l l o w s . 
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Dissolved oxygen 
range 

P P ^ 

0 - 1 
1 - 5 
5 - 12 
> 12 

% of Total 
observations 

in range 

10 
5 

15 
70 

(3) pH Values 

Observed pH values varied between 7. 2 and 10. 0 {average 8 .4 ) 

Day time values in the Californian experiments ranged f r o m 1.1 to 

1 0 . 8 . 
In times of high algal activity the algal uptake of carbon 

dioxide and release of oxygen may give a resulting pH as high as 

11 .0 . During night t 'me however , the pH may fall to a value as low 

as 6 .8 when little algal activity is taking p lace . The optimum pH 

for organic oxidation by bacteria is between 7 . 5 and 8 . 0 ( 1 7 . ) It is 

for this reason that the highest B . O . D . reduction rate does not 

occur during the mid-af ternoon period when algal activity and 

resulting pH values are high. 

The occurrence of the range of observed pH values was as 

fo l lows. 

pH 
range 

t 7 .6 
7 .7 - 8 .6 
8 .7 - 9 .6 
> - 9 .7 

% of total observations 
in range 

40 
30 
25 

5 

(4) Algal Concentrations 
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(a) P a c k e d V o l u m e 

The packed or centr i fuged v o l u m e s of the pond 's waters 

include sludge as we l l as a lgae but do give an indication of algal 

concentrat ion . In Cal i f orn ia analys is of results obtained used 

Pi lot Plant 1 enabled a re lat ionship to be found between detention 

per iod and ch lorophyl l content at var ious depths (25) . Based on 

this an est imate was made as to the propor t i ons of algae and 

sludge in the packed v o l u m e . F o r a four day detention per iod 

and a depth of 1 8 i n c h e s , the sludge content was est imated at 

approx imate ly 15% by v o l u m e . 

F o r the F a i r f i e l d s a m p l e s the packed vo lumes varied 

between 0. 5 m l per l i tre and 1 1 . 3 ml per l i tre (average 2. 9 ml 

per l i t re ) . F o r the Cal i forn ian samples the corresponding results 

ranged f r o m -

0. 55 to 4. 0 m i l l i l i t r e s per. l i t re . 

The Fa i r f i e ld average is c o n s i d e r a b l y higher than that f or the 

Cali fornian t e s t s , but could wel l be explained by the higher 

influent B . O . D . result ing in a higher sludge content. 

Assuming that the sludge content of 15% remained constant 

for the samples taken at F a i r f i e l d , the packed vo lume gives an 

easy method of est imat ing the algal content. 

(b) A lga l Counts 

Another method of evaluating the algal concentrat ion is by 

counting under a m i c r o s c o p e . Although this method appears to 

be m o r e d i r e c t it takes no account of the vo lume of individual 

algae nor their prote in content. 

The Fa i r f i e ld samples gave counts ranging f r o m 1 .15 x 10 
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to 9.1 X 10^ cel ls per mi l l i l i t re . These values fall within the results 

at California which ranged f r o m -
0 . 1 x 1 0 ^ to 6 . 6 x 1 0 ^ c e l l s / m i l l i l i t r e 

(5) Identification of Algae 

Table 5 indicates the genera of algae and other organisms 

observed by m i c r o s c o p i c inspection of the waters of the pond. In 

the samples taken at Fair f ie ld , Scenedesmus was the m o s t 

prevalent, for most of the t ime. At Cali fornia although Scenedesmus 

predominated some of the t ime, it was m o r e often found that 

Chlorella predominated. Only on one occas ion at Fa ir f i e ld did 

Chlorella dominate (22nd March, 1961). Both the algae 

Chlamydomonas and Euglena occurred at various t imes in the 

Fairf ield pond. Other algae such as Cyanophytae, P l e u r o c o c c u s , 

Dictopteris and Ankistrodesmus were observed but only in small 

numbers . 

The Californian experiments have shown that the predominating 

genera of algae changed with pond operating conditions (17). Pi lot 

Plant 1 experiments indicated the Chlorella increased with i n -

crease in detention period but decreased with increase in depth. 

Scenedesmus appeared to decrease both with a d e c r e a s e in detention 

period but also with a decrease in depth. In the Pi lo t Plant 11 

experiments there was a slow seasonal change in the algal genera. 

It seems likely that the nutrients in the effluent sewage and 
cl imatic conditions influence the genera. 

(6) B . O . D . Reduction 

Table 6 indicates the B . O . D . reduction at Fa ir f i e ld ranging 

f r o m 89% to 90% (two values only obtained). The Cali fornian 

results gave reduction f r o m 42. 3 to 96. 0%, 
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I t c a n be s e e n t h a t t h e r e s u i t s i n C o l u m n 5, T a b l e 6 a r e 

c o n s i d e r a b l y h i g h e r t h a n t h o s e u n d e r C o l u m n 4, T a b l e 6 wh ich 

w e r e a n a l y s e d w i t h o u t a l g a e . T h i s i s due to the n a t u r a l 

r e s p i r a t i o n of t h e a l g a l c e l l s a s d e s c r i b e d by r e f e r e n c e (29) . 

T h i s r e s u l t s i n t he u p t a k e of o x y g e n f r o m the d i l u t i o n w a t e r 

w h i c h s h o u l d n o t be c o n s i d e r e d a s p a r t of the B . O . D . of 

the p o n d ' s w a t e r s . 

A c o m p a r i s o n b e t w e e n the r e s u l t s o b t a i n e d a t F a i r f i e l d 

and the r e s u l t s o b t a i n e d a t R i c h m o n d , C a l i f o r n i a i s g iven by 

T a b l e 7. 
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TABLE 7 

COMPARISON OF FAIRFIELD WITH CALIFORNIA RESULTS 

PARAMETER RICHMOND FAIRFIELD 

Depth (in. ) 2 - 24 14 - 16 

Detention Per iod (days) 0 . 7 - 7 2 - 10 

Temperature C 11 - 29. 2 12 - 30 

Influent Sewage 

Total Volatile Solids (ppm) 139 - 302 240 - 330 

Suspended Solids (ppm) 32 - 127 n o - 240 

BOD^ (ppm) 24 - 355 170 - 240 

NH^-N (ppm) 6. 5 - 48.6 28 - 60 

Organic N (ppm) 3.4 - 28.8 5 - 21 

pH 7 . 0 - 7 . 9 7 - 8 

Alkalinity (ppm) 162 - 302 150 - 275 

Contents of Pond 

Algal Cells 

(a) No. per ml . x 1 0 0. 1 - 6 . 6 l y . - 2̂ 2 

(b) Packed cell Volume 
(ml/1) 0.55 - 4. 0 2 - 4 

(c) Dry weight algae plus 
sludge (ppm) 31 - 1008 400 - 1100 

(d) Production Rate lb. 
(dry)/aere/day. 6 - 200 30 - 400 

BOD^ 

(a) Total (ppm) 50 " 618 40 - 130 

(b) Supernatant liquid (ppm) 5 - 11 3 - 3. 7 

pH 7.2 - 10. 8 7 - 8.8 

Alkalinity (ppm) 48. 3 - 320 40 - 200 

% BOD_ reduction 
5 

42. 3 - 96 80 - 92 
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F a i r f i e l d P i l o t Plant (May 1965 to date ) . 

No w o r k on the F a i r f i e l d P i l o t P lant was c a r r i e d out dur ing 

the per i od F e b r u a r y 1962 to May 1965. 

Work r e c o m m e n c e d in May 1965 when one of the a u t h o r s , 

M r . M. M c G a r r y a r r i v e d f r o m Canada to study a l g a l - b a c t e r i a l 

s y m b i o s i s using the pi lot plant at F a i r f i e l d f o r the d e g r e e of 

D o c t o r of Ph i l o sophy under the s u p e r v i s i o n of the other author 

D r . J . B . Clampett and P r o f e s s o r C . H . Munro in the Schoo l of 

Civi l Engineering at the Univers i ty of New South W a l e s . 

During the p e r i o d s ince M a y , 1965 s e v e r a l changes have 

been made to the contro l and operat ion of the pond. The e l e c t r i c a l 

and pumping s y s t e m s have been a l t e red to c o n f o r m with those 

shown in F igure 12. The m o d i f i e d s y s t e m has operated s a t i s -

f a c t o r i l y during the months of O c t o b e r , N o v e m b e r and D e c e m b e r , 

1965. 

The influent s y s t e m as shown in F i g u r e 13 has been c o n -

structed to maintain p r e d e t e r m i n e d water l e v e l s . The inf luent 

sewage is being taken f r o m an upf low settl ing bas in at a depth 

of three feet . The intake check valve has been surrounded by a 

l o o s e fitting net to avo id the intake of l a r g e r sett l ing p a r t i c l e s . 

This a f f o r d s a m e a s u r e of p ro te c t i on to the so leno id va lve which 

c l o s e s off the influent line when the pump i s shut off by the depth 

gauge. An influent pump is n e c e s s a r y as choking of the inf luent 

l ine would resul t if only grav i ty f l ow was r e l i e d upon. 

The eff luent pump as shown in F i g u r e 14 is opera ted by an 

adjustable synchronous t iming swi t ch . In this w a y a p r e d e t e r m i n e d 

detention per i od can be mainta ined . The pump i s p r i m e d by a 

pr iming tank and has been fitted by a syphon b r e a k to a v o i d the 
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FIG. 12. INFLUENT, EFFLUENT AND MIXING - ELECTRICAL 
AND FLOW DIAGRAMS. (1965-1966) 
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F i g u r e 13. View of Influent Pump with cover removed 
showing solenoid v a l v e . 



F igu r e 14. View of Eff luent Pump and Effluent Wel l 
a t Southern End of Pond. 
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syphoning of the pond w a t e r s when the p u m p i s not in o p e r a t i o n . 

An i n t e g r a t i n g f l ow m e t e r h a s been i n s t a l l e d on the e f f luent l ine . 

The m i x i n g s y s t e m h a s b e e n a l t e r e d and i s now contro l l ed 

by a 24 hour s y n c h r o n o u s t i m e r . The inf luent check va lve h a s 

been r e l o c a t e d in a d e e p e r p o r t i o n of the pond and i s p r o t e c t e d by 

a l o o s e nylon s c r e e n i n g thus avo id ing any l a r g e r p a r t i c l e s f r o m 

enter ing the d i s t r i b u t i o n p i p e s of the m i x i n g s y s t e m . A g e n e r a l 

view of the pond and m i x i n g s y s t e m i s shown in F i g u r e 15. 

In the n e a r f u t u r e a m u l t i c h a n n e l r e c o r d e r and upflow 

so l id s contac t unit a r e to be i n s t a l l e d . It i s hoped that within 

the next two y e a r s the t e c h n i q u e s which a r e r e q u i r e d to s e p a r a t e 

and c o n c e n t r a t e the a l g a l content of the high r a t e pond v /a ter s 

will be f u r t h e r i m p r o v e d . The cont inuat ion of th i s r e s e a r c h i s 

well under w a y . 

L a b o r a t o r y F a c i l i t i e s a t F a i r f i e l d ( f r o m O c t o b e r , 1965) . 

Due to the b i o l o g i c a l n a t u r e of the a n a l y s e s to be c a r r i e d 

out it i s e s s e n t i a l that the s a m p l e s be t e s t e d i m m e d i a t e l y fol lowing 

their e x t r a c t i o n f r o m the pond. T r a n s p o r t a t i o n of s a m p l e s f r o m 

F a i r f i e l d to K e n s i n g t o n or U l t i m o for a n a l y s i s would r e s u l t in 

e r r o n e o u s and u n r e l i a b l e r e s u l t s , due to the long t r a n s p o r t a t i o n 

t ime r e q u i r e d . A p r o g r a m m e involv ing a n a l y s e s e v e r y two h o u r s 

would be i m p o s s i b l e under t h e s e c o n d i t i o n s . 

In v iew of t h i s , one of the a u t h o r s , ( M r . M c G a r r y ) s e t up 

a l a b o r a t o r y b e s i d e the pond . The f l o o r of the l a b o r a t o r y i s of 

four inch r e i n f o r c e d c o n c r e t e with w a l l s and roof of "F i^bro " on 

a wooden f r a m e . 

The bui ld ing i s i n t e r n a l l y l ined with " M a s o n i t e " . Two 

windows , a l o c k a b l e d o o r and a n e x h a u s t fan have been i n s t a l l e d . 
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A recent photograph of the laboratory is shown as Figure 16. 

The Metropolitan Water Sewerage and Drainage Board have 

placed eighteen single-phase and three three-phase points 

inside the building. An internal fuse box has been installed 

inside the building and an external fuse, synchronous timer and 

switch box as shown in Figure 17 has been mounted on the out-

side . 

A sink, hot and cold water supply, and drainage system 

have been installed. Benches, shelves and cupboards have been 

located in the building. The necessary glassware, chemicals , 
o o o 20 C incubator-refrigerator, 37 C incubator, 3 C refr igerator , 

spectrophotometer, dissolved oxygen meter , muffle furnace, 
drying oven, centrifuge, steam bath, microscope , hotplates , 
pH meter, vacuum-compressi on pump, general balance, accurate 
analytical balance and autoclave have been installed in the building. 

Figure 18 shows a plan of the layout of the laboratory. 

Future Programme 

As depth, detention period, influent sewage strength, algal 

type and solar radiation have been found to strongly influence 

the yield of algal material and the percentage reduction of B . O . D . 

through the pond an extensive programme is now being undertaken 

to establish these influences. Both depth and detention periods 

are being varied over a wide range and their effect being observed. 

Following the adjustment of the pond to any chosen depth and 

detention time the physical and chemical conditions in the pond 

will be measured every second day until the state of equilibrium 

is established in the pond with respect to algal yield. The 

analyses which are being carried out on the influent sewage include 



F i g u r é i s . View of Pond Looking North (Nov. 1965) 

The mixing pump can be seen at right and the 
eff luent pump in the f o reground . The r a d i o -
m e t e r in the left f oreground and influent pump 
in the le f t background have been installed since 
the p r o j e c t was r e c o m m e n c e d in May, 1965. 



F igu r e 16. V iew of R e s e a r c h Labora to r y at the F a i r f i e l d 
Sewage Trea t raent P lant of the Metropol i tan 
Wa t e r , S ewerage and Dra inage Board . 



F i g u r e 17 . V i e w of C o n t r o l P a n e l showing s y n c h r o n o u s 
t i m e r s ( w i t h c o v e r s r e m o v e d ) , F u s e s and 
S w i t c h i n g G e a r . 



20° C 
Incubator 

FIG 18 LAYOUT OF RESEARCH LABORATORY 
AT FAIRFIELD 

( Dimensions 20' x 13 ) 
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1 . Hydrogen ion concentrat ion 

2. Alkal in i t ies 

3. Total Volat i le so l ids 

4 . Total Non Volat i l e so l ids 

5. B i o c h e m i c a l Oxygen Demand 

6. Orthophosphates 

7. A m m o n i a Nitrogen 

8. Total Ni t rogen , o rgan ic 

9. Sludge accumulat ion 

The ana lyses which are being c a r r i e d out on the pond 

culture inc lude : 

1 . Hydrogen ion Concentrat ion 

2. Alkal init ies 

3. D i s s o l v e d oxygen 

4. Total vo lat i le so l ids 

5. Total non-vo lat i l e so l ids 

6. B i o c h e m i c a l oxygen demand 

7. Cel l y ie ld 

8. Cel l count 

9. Orthophosphates 

10. A m m o n i a ni trogen 

11. Total n i t rogen , o rgan ic 

12. Ch lorophy l l s , A , B and C 

13. P a c k e d v o l u m e s 

14. Total light energy at all depths 

15. Light energy incedent on the pond 's surface 

16. Ambient and pond temperatures 

17. Net radiat ion 
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After the pond has r e a c h e d i t s e q u i l i b r i u m s t a g e of growth, 

a twenty four hour t e s t i s p e r f o r m e d . The h o u r l y inf luent 

a n a l y s e s include: 

1 . Hydrogen ion concent ra t ions 

2. Alkal i ni t i e s 

3. B i o c h e m i c a l oxygen d e m a n d 

The pond culture will be studied through the fo l lowing hour ly 

a n a l y s e s : 

1 . Hydrogen ion concentra t ions 

2. A lka l in i t i e s 

3. D i s s o l v e d oxygen a t a l l depths 

4 . B i o c h e m i c a l oxygen demand 

5. T e m p e r a t u r e s a t a l l depths including a m b i e n t 

6. L ight e n e r g y r e c e i v e d at a l l depths 

7. V i s ib l e light i n t e n s i t i e s a t a l l depths 

8. Net rad ia t ion 

In this way the d iurnal f luctuat ions in the pond cu l ture wil l be 

o b s e r v e d . T h e s e a n a l y s e s will e s t a b l i s h BOD r e d u c t i o n s , 

oxygenation f a c t o r s , s t aba l i za t ion f a c t o r s and ce l l y ie ld in -

cluding prot ien product ion of the pond at the v a r i o u s i m p o s e d 

depths and detention p e r i o d s . 

The second and third p h a s e s of the s tudy wil l begin within 

s ix months following the complet ion of the f i r s t p h a s e . The 

u se of an upflow s o l i d s contact b a s i s wil l be s tudied u s i n g v a r i o u s 

chemica l coagulants and p o l y e l e c t r o l y t e s . S i m u l t a n e o u s l y a 

study will be c a r r i e d out on the dry ing c h a r a c t e r i s t i c s of the 

a l g a l concentrate us ing drying bed and p la te t e c h n i q u e s . 
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In th i s w a y the f e a s i b i l i t y of s e w a g e t r e a t m e n t and food 

p r o d u c t i o n t h r o u g h high r a t e ponds wi l l be e s t a b l i s h e d fo r u s e 

in A u s t r a l i a . 

P R A C T I C A L A P P L I C A T I O N O F A L G A L - B A C T E R I A L SYMBIOSIS 

It h a s been e s t a b l i s h e d both in C a l i f o r n i a U . S . A . and 

F a i r f i e l d N . S . W . that the p r o c e s s of a l g a l - b a c t e r i a l s y m b i o s i s 

wil l r e d u c e the l e v e l of po l lut ion of s e t t l ed s e w a g e . The 

reduct ion in B O D ^ of the content s of the pond dur ing the p r o c e s s 

r e l a t i v e to the i n f l u e n t ' s s e w a g e h a s been shown to be con-

s i d e r a b l e in both c a s e s . 

A s the a l g a l content of the w a t e r in the pond on s e v e r a l 

o c c a s i o n s a t F a i r f i e l d w a s r e m o v e d by c e n t r i f u g i n g , t e s t s w e r e 

c a r r i e d out to d e t e r m i n e the B . O . D , of the s u p e r n a t a n t l iquid 

a f t e r c e n t r i f u g i n g . A c o m p a r i s o n of th i s B . O . D . ^ va lue with 

the B . O . D . ^ l e v e l in the in f luent s e w a g e gave a n indica t ion of 

the l e v e l of B . O . D . r e d u c t i o n which could be obta ined . The 

B . O . D . r e d u c t i o n at F a i r f i e l d w a s o b s e r v e d to be 90% and 89%. 

T h e s e a b o v e r e d u c t i o n s in the B . O . D . _ v a l u e of the 
D 

inf luent s e t t l e d s e w a g e c o m p a r e m o r e than f a v o u r a b l y with the 

other s e w a g e t r e a t m e n t m e t h o d s , p a r t i c u l a r l y f a c u l t a t i v e 

oxidat ion p o n d s , t r i c k l i n g f i l t e r s and a c t i v a t e d s ludge p r o c e s s e s . 

Tab le 8 g i v e s a p p r o x i m a t e v a l u e s of the B . O . D . ^ l o a d i n g s of 

t r e a t m e n t p e r unit of a v a i l a b l e a r e a . 

It i s e s t i m a t e d that B . O . D . l o a d i n g s of above 300 l b s . 

B . O . D , p e r a c r e p e r d a y a r e p o s s i b l e in High R a t e Oxidat ion 

P o n d s . T h i s h a s b e e n b o r n e out by the F a i r f i e l d e x p e r i m e n t s . 

Th i s r e p r e s e n t s a l oad ing of s i x t i m e s that of the convent ional 

f a c u l t a t i v e pond and a c o n s i d e r a b l y c h e a p e r f o r m of s e w a g e 
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treatment than the conventional type of plant, dependent of course 

on the land costs . 

TABLE 8 

B . O . D . _ Loadings for Several Sewage 5 
Treatment P r o c e s s e s . 

P r o c e s s Max, B. O. D Loading 
D 

lb. per a c re per day. 

High Rate Pond, 
Fairf ie ld , N . S . W . 360 

Richmond, U . S . A . 6 34 

Facultative Pond 125 

Anaerobic Pond 5, 000 

Intermittent Sand Filter 150 

Practical Application of High Rate Oxidation Ponds as a means of 
Sewage Treatment in Australia. 

It is clear that for the widespread pract ical application of 

high rate oxidation ponds using a lgal -bacter ia l symbios is the 

effective removal of the algae f r o m the liquid effluent before 

disposal is necessary for several reasons : 

(1) to obtain the greatest reduction in B . O . D . of the 

effluent 

(2) to avoid discharging the algae into the receiving stream 

(3) to obtain any benefit f r o m the protein content of the algae 

As the most important prerequis i tes of the high rate algal 

oxidation pond is the separation of algae f r o m the pond waters if 

the process is to be used as a method of treating sewage, no 
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definite conclusion can be drawn on the Fairf ie ld experiment with 

regard to its use as a complete treatment p r o c e s s . Only following 

the completion of tests on an algal removal p rocess can con-

clusions be drawn on its future use. 

Although the B . O . D . analyses were infrequent, these 

results serve as an indication of the ef f ic iency of the algal 

bacterial symbios is in sewage treatment. As previously noted 

the B . O . D . of the pond waters with algal cel ls in suspension give 

no reliable indication of the pond waters B . O . D . due to their 

respiration in unnatural conditions. These reduction ef f ic iencies 

are quite within the range of observations found in the 

Californian investigations. 

It fs noted that the climate in New South Wales is more 

suited to the a lgal -bacter ia l p r o c e s s than the climate in 

California where a severe winter often occurs . As a result the 

cost per capita in sewage treatment could be expected to be lower 

in New South Wales than that in California. 
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Algal Removal and Concentration 

The high rate pond waters contain a heavy load of organics in 

the f o rm of algae which may induce an oxygen demand f r o m the 

receiving body of water if it is not extracted f r o m the pond waters 

before discharge. 

In a recent publication (30) D r s . C . G . Golueke and W. J. 

Oswald of the University of Cali fornia, Berkely , U , S . A . descr ibe 

experiments which they have carr ied out in the separation and con -

centration of algae. It was real ised early in the p r o g r a m m e that 

the operation should be divided into three steps - (1) Initial 

Removal (2) Dewatering and (3) Final Drying. 

(1) Initial Removal . It has been found that the initial removal 

presents the greatest diff iculties in the algal process ing due to 

their s izes (5-15 micron) and their low spec i f i c gravity (30), The 

natural settling rate of algae is too slow to al low this method to 

be used in the initial removal . The methods which have been 

tried are centrifuging, precipitation, ion exchange, chemica l 

precipitation by f locculation, autoflocculation, f lotation, 

microstaining, passage through a charged f ie ld , sonic vibration, 

and filtration. 

Centrifuging involves the use of continuous centri fuges 

causing the initial costs of removal to be high and in many cases 

prohibitive. Three types of centri fuges were tried in laboratory , 

pilot plant and field scale studies. The laboratory studies were 

carried out to observe the e f fects which di f fering centrifugal 

f o r ces have on the degree of remova l . Addition of chemica ls 

a lso tried. It was observed that although the chemica ls added 

did have beneficial e f f ec ts , these were small in view of their 
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cos ts . A continuous cent r i fuge with through-put r a t e s of 0 - 2 

U . S . g/m w a s used in the pi lot plant studies which proved 

su f f i c i en t l y s u c c e s s f u l to a l low the use of a D o r r - O l i v e r - N e r c o 

continuous (0 to 4 0 0 U . S . g/m) centr i fuge in the f ie ld scale 

studies. It was o b s e r v e d that at a through-put ra te of 300 g/m, 

the power r e q u i r e d to r e m o v e one ton of a lgae was l e s s than 

3500 K i l o w a t t - h o u r s . 

In the prec ip i ta t ion of the a lgae studies were c a r r i e d out 

to o b s e r v e the re la t ionsh ip of the hydrogen ion concentrat ion to 

the tendency of the a lgae to clump together and thereby sett le 

m o r e r a p i d l y . This pr inc ip le of obtaining a higher ra te of 

settling through the addition of chemica l s is known as 

f locculat ion. The e f f e c t of ca lc ium, magnes ium and sodium 

ion was a l s o cons idered . It was observed that the optimum pH 

(measure of hydrogen ion concentrat ion) of the suspension of 

clean washed a lgae was 3 f o r the mos t e f f ic ient r e m o v a l of 

a lgae . This pH w a s e f fec ted through the addition of sulphuric 

acid. 

The clumping together of the a lgae was e f fected through 

the a lgal suspensions passage through cationic exchange r e s i n s . 

This was brought about by a change in the sur face charge on the 

algal ce l l s e f f ec ted by the r e s i n s . Ives (31) has shown that the 

density of the s u r f a c e charges on Chlore l l a i s a function of the 

pH of the suspension. He observed that the highest densi t ies 

w e r e e f fec ted by pH va lues of 3. 5 and 10 . 5 and the lowest at 

7. 0. The hydrogen ion ac ts not only to s a t i s f y the charges at 

the lower pH v a l u e s but a l s o ac t s as a bonding agent. Examinations 

through the m i c r o s c o p e indicated that the algae w e r e so tightly 
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c lumped together as to d e f o r m the side of contact of the individual 

algal c e l l s . 

Chemica l prec ip i tat ion was studied through the use of 

cat ionic f locculants namely the synthetic p o l y - e l e c t r o l y t e s 

Sondellite and the P u r i f l o c s 601 and 602. Although the P u r i f l o c s 

w e r e only studied on a smal l s c a l e , it was c o n f i r m e d that with 

the low dosage of 10 m g . per l i tre of P u r i f l o c , 95% r e m o v a l of 

the algae was e f f e c t ed . The Sondellite was studied on a p i lot 

plant s ca l e , through a dosage of 4 m g . per l i t re of reagent , 90% 

of the algae w e r e removed a f ter a f lash m i x of 35 s e c o n d s , a 

slow m i x of 4 minutes or a 4 hour detention p e r i o d in a settl ing 

tank. L i m e was used to ra ise the pH l eve l in another test and 

it was found that the m o s t e f f ec t ive pH in prec ip i ta t i on was 10, 6. 

The use of i r on hydroxides resulted in exce l l ent prec ip i ta t i on 

of algae but the algae were co loured orange and s o m e of the ce l l s 

d is integrated . A combination of Ca(OH)^ and FeSO^ could reduce 

the cost of reagents cons iderab ly . The use of a lumin ium sulphate 

(Alum) was studied in a l a b o r a t o r y , pi lot plant and f ie ld s c a l e s . 

In contrast to the organic p o l y e l e c t r o l y t e s , a lum showed a 

dependency upon the pH remaining around 6. 5 in the r e m o v a l 

of a lgae . It was o b s e r v e d that at a dosage of 70 m g . p e r l i tre 

of a lum above 11 m g . of algae per m g . of a lum was prec ip i ta ted . 

The poss ib i l i ty of a luminium r e m o v a l f r o m the s l u r r y was 

studied. V e r y low B . O . D . values and c o l i f o r m counts of the 

c lar i f i ed eff luent w e r e o b s e r v e d . The c l a r i f i ed ef f luent has 

been d e s c r i b e d as "sparkl ing c l e a r " (30) . 

Auto f locculat ion is the natural rapid prec ip i ta t i on of a c t ive 

photosynthesising shallow culture on w a r m days of abundant sun-

shine. Algal r e c o v e r y would be p o s s i b l e if the supernatant l iquid 
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was drawn off and the remaining liquid a l lowed to evaporate . The 

land c o s t s which would be involved in such a s cheme would be 

prohib i t ive . 

Severa l f lotat ion reagents w e r e t r i ed , however apprec iable 

concentrat ion was s u c c e s s f u l with only two at a c r i t i ca l pH of 4 . 0 . 

Micros ta in ing was tr ied on a pi lot plant sca le at f low rates 

of 50 to 100 g / m . However the s c r e e n aperture s ize was too 

large and a s m a l l e r aper ture s ize would have resulted in c logging. 

C o p p e r , carbon and a luminium e l e c t r o d e s were used either 

in pa irs of the s a m e m a t e r i a l or in pa i rs using two di f ferent 

m a t e r i a l s . Exce l l ent f l o e f o rmat ion o c c u r r e d when aluminium 

a n d / o r c o p p e r w e r e used due to the r e l e a s e of these meta ls to 

f o r m aluminium a n d / o r copper h y d r o x i d e s . 

Alga l c e l l s w e r e subjected to sonic waves of 1500 c y c l e s 

and above in an e f f o r t to f o r c e them together . However quite the 

r e v e r s e resul ted and exper imentat ion with sonic vibration c e a s e d . 

Exper iments w e r e c a r r i e d out on a laboratory sca le with 

f i l ters of 0 .1 f t . in d i a m e t e r . The algae were able to pass through 

all the f i l t e rs with the except ion of bac te r i o l og i ca l f i l ters at an 

exceedingly low through-put rate . 

Complete r e m o v a l of a lgae was establ ished with the use of 

f i l ter aids such as d ia tomaceous earth, however the res idue was 

7 /8 f i l ter a id . Due to the high cost of the f i l ter aid , f i l tration 

has been shown to be e c o n o m i c a l l y unsuitable. 

(2) Dewater ing . The result ing eff luent f r o m the initial 

removal was in the f o r m of a thin s l u r r y . Attempts to dewater 

the s l u r r y w e r e made by centr i fuging , gravity f i l trat ion and 

vacuum f i l t rat ion . 

F o u r types of centr i fuges w e r e used to dewater the s lurry . 
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These were the Byrd solid bowl centri fuge, the Tolhurst Solid 

Bowl, the DeLaval and the Nerco Bowl. Attempts with the Byrd 

proved unsuccessful due to the low v iscos i ty of the s lurry . The 

Tolhurst Solid Bowl was not continuous. The Nerco Bowl 

centrifuge was continuous and removal of over 75% was obtained. 

The DeLaval centrifuge is not continuous but has a through-put 

rate over eight times the Tolhurst and is being used in r e s e a r c h 

work on the nutritive propert ies of algae. 

Gravity filtration was attempted through the use of nylon, 

wool felt , canvas, paper and paper backed with sponge rubber . 

All retained the algal f loe , but nylon proved the m o r e durable. 

All industrial f i lter papers proved sat is factory . 

It was observed that the type of backing to the f i l ter media 

did not ef fect the rate of dewatering. Measured in inches of l o ss 

of depth per hour, the original loss was 1 . 5 at a s lurry depth of 

3 to 4 inches to . 05 to .1 inch/hour after 6 hours of dewatering. 

At the end of 24 hours the solids concentration ranged f r o m 8 to 

14 percent. It was established that water l oss was , to the 

greater extent, due to percolation and drainage. 

A Delpark mechanical f i lter was used to dewater the algae 

on a continuous belt. It was observed that the concentration 

of dewatered algae was inversely proportional to the belt speed 

above one inch per minute. 

Ef forts to dewater through vacuum filtration failed due to 

the inability of the algae to f o rm a layer thick enough to permit 

its removal . Fi lter aids did not help the situation suff ic iently . 

(3) Drying. Two methods were tried in per forming the i 'nal 

drying. These were by heat and by sand bed. 
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Two types of heat drying equipment were used, both being 

of the drum-ki ln type, one being heated by in f ra - red lamps f rom 

the outside and the other by steam heat f r o m the inside. 

The f o r m e r caused algal deterioration due to the in fra -red 

rays and a lso the accumulation of large balls consisting of a dry 

exterior but a wet, cooked and il l smelling inter ior . 

Successful drying was accomplished with steam drying. 

The Dewatering and Drying p r o c e s s e s have been combined 

into one through the use of sand beds. The slurry f r o m the 

initial removal is spread in depths of up to five inches over 

sand. The water both percolates or drains and evaporates 

being irradiated by the sun. The sandbed is estimated to be 15% 

of the pond area . After 24 to 48 hours the dewatered slurry 

had a solids content of 7 to 1 0 percent and the consistency of 

soft c ream cheese . The moisture content of the algal product 

was 1 5 to 20% after 5 to 7 days after which it formed chips of 

1 /8 inch in thickness. The relatively small amount of sand 

adhering to the chips was removed through screening by hand 

and by a Sweco vibrating screen . In this way 80 - 90% of the sand 

was removed . Although this method has disadvantages such as 

the destruction of photolabile vitamins, it does represent the 

least expensive method which may be applicable to use where 

land costs are low and low quality algae are satisfactory. 

Algal Production Costs . 

Cost estimates have been made on a var 'ety of methods 

and plant capacit ies . The following discussion does not include 

the growth of the algae, uses 1964 American dollars and assumes 

a plant capacity of 10 mil l ion U.S . gpd. of influent sewage. The 

amortization and interest were assumed to aggregate 10% of the 
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total instal led c o s t . The total instal led c o s t c o v e r s the p u r c h a s e 

p r i c e of the m a c h i n e r y , power supply , piping insta l lat ion of 

a c c e s s o r y equipment and a warehouse type of s h e l t e r . E l e c t r i c a l 

power was based on an 8 hour daily operat ion at 1 0 m i l l s / K w h . 

The average cost of personne l was a s s u m e d to be $6, 000 p e r m a n 

per y e a r , 

The cos t of p r o c e s s i n g by centr i fuging f o r the r e m o v a l and 

dewatering and steam d r u m drying is es t imated at $116 p e r 

mi l l i on gal lons of sewage . If the algal suspens ion w e r e treated 

by inorganic f l occu lat ion and then by sand bed dry ing the quality 

of the algae would be c ons iderab ly reduced but the c o s t p e r 

mi l l i on gal lons of sewage would be $67, If auto f l o c cu la t i on w e r e 

s u c c e s s f u l l y used to r e m o v e the algae f o l l owed by sand bed 

drying the co r respond ing cost is es t imated at $42. 

The cos t of a lgae per pound is in f luenced c o n s i d e r a b l y 

by the initial a lgal concentrat ion . If the initial r e m o v a l was by 

organic p o l y e l e c t r o l y t e , dewatering by centr i fuging and dry ing 

by s team d r u m , the cos t p e r pound of a lgae would be $0. 05 if 

the concentrat ion of a lgae in the pond ef f luent was 1 . 5 t o n s / 

mi l l i on U . S . ga l lons . This would resu l t in an a lga l p r o d u c t 

which has a good appearance , is read i ly d iges t ib le and the 

quality of c lar i f i ed water is l ow in BOD and c o l i f o r m count. 

CONCLUSIONS 

Although the r e c o r d s of the work c a r r i e d out at F a i r f i e l d 

during the p e r i o d July, 1957 to F e b r u a r y , 1962 a r e i n c o m p l e t e , 

it i s c l e a r l y apparent that the p r o c e s s of a l g a l - b a c t e r i a l s y m b i o s i s 

can be s u c c e s s f u l l y employed to pur i fy sett led sewage under 

c l imat i c conditions in New South W a l e s . The r e su l t s of this 

work c l e a r l y showed: 
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(1) That the r e s u l t s obtained in e x p e r i m e n t s in Richmond, 

C a l i f o r n i a w e r e va l id under conditions at F a i r f i e l d , N . S . W . 

(2) That the d e g r e e of pur i f i ca t ion achieved (even without 

a l g a l r e c o v e r y ) c o m p a r e d m o r e than f avourab ly with other 

equivalent l o c a l t r e a t m e n t m e t h o d s . 

C o n s i d e r a b l e r e s e a r c h and development i s n e c e s s a r y 

before the p r o c e s s can be used for sewage t rea tment in l a r g e 

s c a l e p l a n t s . The m o s t important a s p e c t s a r e : 

(1) R e c o v e r y of a l g a e f r o m the w a t e r s of the pond before 

d i s c h a r g e into a r e c e i v i n g s t r e a m 

(2) The evaluat ion of pond p a r a m e t e r s so that a m o r e 

a c c u r a t e f o r e c a s t of the a l g a l population can be made a c c ord — 

ing to depth, influent sewage s t rength and detention p e r i o d . 

To obtain the n e c e s s a r y data for (2) it would be n e c e s s a r y 

to control these three v a r i a b l e s e x t r e m e l y c a r e f u l l y . As the 

Ca l i forn ian e x p e r i m e n t s were c a r r i e d out over 2 , 0 0 0 days and 

occupied m o r e than 10 s c i e n t i s t s for 10 y e a r s without obtainijig 

the a l l n e c e s s a r y in format ion under the r e q u i r e d condit ions , it 

i s c l ea r that a m a j o r r e s e a r c h p r o j e c t on a s c a l e not p o s s i b l e 

in A u s t r a l i a would be r e q u i r e d . 

F o r the above r e a s o n it ha s been dec ided to continue the 

p r o j e c t involving the pond at F a i r f i e l d by inves t iga t ing the 

r e m o v a l and concentrat ion of a l g a e f r o m the pond ef f luent . The 

r e m o v a l and concentrat ion techniques to be inves t iga ted include 

upflow coagula t ions and sand-bed dry ing . The p r o j e c t involves 

the continued opera t ion of the pond under a s near to opt imum 

conditions for m a x i m u m a l g a l product ion a s p o s s i b l e . S e v e r a l 

r e f inement s to the pond operat ion have been m a d e , so that such 

conditions can be mainta ined to a s s i s t the study of a l g a l 
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removal and concentration. 

It was evident to the authors in the ear ly assessment of the 

work carried out f r o m 1957 to 1962 that the main reason for the 

lack of necessary data was the failure to provide adequate 

laboratory faci l i t ies adjacent to the pilot plant pond. This 

restricted the number of samples that could be taken and gave 

erroneous results as no re fr igerated transport was available 

for the period during transportation to the laboratory . With 

completion of the installation of the laboratory fac i l i t ies a long -

side the pond, the authors have every confidence that, given 

adequate assistance and support, the pro jec t will develop and 

provide a major contribution in the field of high rate oxidation 

pond operation and subsequent removal and r e c o v e r y of the algae 

produced. 
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