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Thus says the Lorl_' : 
!lLet not the "rise man glo . .  y i:' his wis(!om, 
Let not the mighty man g:_ory in his m�.ght , 
Let not the rich man glo�-y i::-: his ric. es; 

But et him who g' ories glory ::n this , 
That he kno -s and unders�and3 me , 
That I am t,e Lor( who p'. acLse 
Steadfast lrwe, jL'stice, and righteour:<ness in the (. �:::-th; 
For in thes" things I de� igb ; ." 

, eremiah 9 v •• 24 
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A1::S T HACT 

I ncreases in herd size and enforcement; of water quality regulations 

have crea�;ed an effluent disposal problem for the New Zealand dairy 

indus try. Spray disposal to land and lag,)oning are c ommonly used but 

mechanical failures, management requirements and p ressure on land have 

limited their suitability in many situati,)ns. This project vias 

established to consider an alternative system. 

Initial studies revealed that anaerobic treatment in unmixed, 

non-insulated tanks, followed by trickling filter aeration, might be 

sllitable. Two laboratory scale and one field treatment plant ( 1 / 1 5  -

1 /20 full scale) were constructed to investigate the system. A 

factorial experimental design allowed investigation into three 

anaerobic treatment levels with a 3 x 3 aerobic treatment interaction 

nested wi thin each anaerobic  treatment. 

Anaerobic residence times of  5, 7. 5 and 10 days provided loading rates 

of  1. 35 - 0. 63 kg COD/m3_day and 1 . 36 - 0. 67 kg TS/m3_day. Removals 

between inlet and outlet averaged 71% and were insensitive to loading 

rate. T otal solids accumulation rates of 40-50% TS input rate suggests 

that anaerobic tank design should be based on solids accumulation rate 

and cleaning frequency. 

The stone media trickling filter was loaded at approximately 0 . 61 kg 

COD/m3-day. Aeration periods of 1, 2 and 3 days and hydraulic loads of 

2. 8, 1 0 . 1 and 1 8 . 2 m3/m2_day were studied to determine their influence 
on treatment efficiency. Multiple regression analysis indicated that 

the longer residence times and higher recycle rates improved treatment 

efficiency. Removals varied with the mee.sured parameters but ranged 

from 42-66% for COD. Design alterations to allow the final discharge 
tu be taken from the b ottom of the filter, after settling, would 
increase aerobic treatment efficiency above 75't� COD removal . 

P rediction of treatment efficiencies beyc'nd the monitored operating 
conditions suggested that only margillal improvements could be made. 

The TS accumulation rate in the aerobic T,hase was approximately 13% of 

the TS input rate or 5G�� of the BaD removal rate. 



Overal l  plant treatment effi ciencies of 80-89% were obtained . Lemovals 

in excess of 92% coc;ld be achieved with minor design alterations .  

Maintenance and opel'ational requirements were minimal .  The only problem 

with the sys tem wa� an average 15 fold in�rease in N03-N and 4 fold 

increase in DIP under conditions for optimum removal of the o ther 

parameters .  Interm�ttent land disp osal could reduce this p roblem. 

Treatment c omparison between similar laboratory plar.ts , and between 

laboratory and f ield plants which varied by a scale factor of  56, 
suggests that identically designed p lants would give a similar 

performance and that there is little scale effect.  Increasing tr._e 

scale only improved treatment efficiencies under unetable aerobic 

conditions, i . e . , high recycle rates and low resideLce times . 

Increasing scale gave some d ecrease in maintenance and operational 

problems . 

Design of a full scale plant, based on daily p ollution loads froffi a 250 
cow dairy shed , suggests that the system is a viab le: p roposition. 
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A B B REV I A T I O N S 

BOD biochemical oxygen demand Mg magnesillIl 
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1:1) THE NE\'J ZEALPJiiD DAJ.li' [1�l)u;·;rrl\.Y 
The N. Z .  JJairy I ndu stry has cm UIl.flU<ll expor t earning in excess of 

-:f 
$391 million per yedl' (,)"Ill) whicll is approximately 20% of the 

Country's export earnings (211). 

The increases in far'lll si2e and iutensification to provide the raw 

materials for both consumption and. t�xport are shown in Tables 1: 1 
(212), 1:2 (215) and 1:) (�21�"'5), and have been investigated by other 

workers (214). Herds of up to 9UO c o ws are now being milked in N.Z. 

The almost total dependence un Grazed pasture as a feed source 

reduces the concentration of animals within a confined area. The 
herd is only brought to the d.airy siled, for 1-2 hours, morning and 

evening to be milked. lt is the troatment and disposal of effluent 

produced at the shed during tlli:J period that is one of the ruajcr 

p roblems within the industry. 

1 : 2) DAIRY EF'FLUENT TREArrl'iJ�NT 
Historically, dairy shed efflu8nt, consisting of dung and urine, milk, 

detergents and washing water frolll plant cleaning, has been di:�charged. 

into a natural water course or transferred to a sacrifice area. 

The increasing V01UIllE:! of effluent resulting from larger herd (lizes, 

in conjunction with the current legislative requirements and t";reater 

awareness of environmental conservation, has llOW made these "1 'actices 

unacceptable from a legal alld social standpoint. 

'1'0 meet these requir(;lt,C'nts wi tltin the economic restraints of the 

productiuYl unit, two lIIi!,i 01' md,jloli:.:, of treatment Llnd disposal have 
been used; namely, s}.!l'i..ly i rr i ca tiol 1  and lagoons. Though both systems 

have many advantages tlt,)1'8 a:::'e l.ill]j tations which may re s t r ic t the 

farmers ' operation. 1'I1e contirn.lal shifting of sp rinklers , 

.) (' 

deterioration in pa:..;tul't.: quality, special management, disease risks, 

spray dr:ift, and ..... he tllu:i.ntonance of equ ipment , are making the operation 

of tbe slJray sys tem mal'ginal in many situations. Lagoons have less 

maintenance and operating problems thun spray lhsposal, but tJle 

design criteria bt;.i.ll�� 11�3ed l'e(luir8 l'elat ively lal'go areas of land 

close to the dair:r sl,,: I. 

* Numbers in parentl1C�) i . ..::i refer to appended. references. 



::'1'ArrTS'l'FS 1,'Ci i"ACTORY :'lJPPL.'( DillhY l"ARM�.: IN N.Z. 

Year 1 ()ou/u1 

'1'otal no. of cows (millions) 1.9 

Average no. coW"s/herd '/7 

No. of factory 

TABLE: 1: 2 

Sea:.J, !! 

No. oi' cl'rJ8 

supply JI81'ds "J(,. '/00 

\·.'ITlI IVJOliE TJI}\I! jOO CO\rJS 

I'j, ,')/,'0 1 cl".' /'(5 

14 i I� 

(I) P 1'U Vi3 i 011<11 1'i g11 rl: 

19'70/71 

4'. :5 

97 

25.700 

19',111/'75 

I �5 

1 ')'." ./7�; 

2.5 

112 

17,09'5 

19' ':� jrlt; 

1 =.; ') ( 1 ) 



TABLE 'I: 

'rota] n ?, :() 

Prodl,c, ; � I. > 

Aver��e r .  uf co�s/hurJ 91 

(1) !,'Ol' comphri:";oll total farm ;11'\.."8 was 01. " ha. 

l( , 



This has a high opportunity cost wllich will increase with time and 

intensification. Furthermore, it presupposes the existence of a 

suitable site for the lagoon. 

The limitations of these systems, along with the trends in the 

industry, suggested the need for considering other methods for 

treatment and disposal. It became apparent that development of an 

anaerobic/aerobic biological treatment was the most suitable 

alternative. 

This project was therefore established with the following objectives:­

(a) To evaluate the treatability of a high fibre dairy shed 

effluent. 

(b) To determine the feasibility of high loading rates to 

anaerobic ponds followed by trickling filter aeration. 

(c) To consider the relevance and implication of this treatment 

system in regard to tIle future of the dairy industry. 

5 



CllAYT8ii 

DAIRY SHED EFFLU.Sl'lT 'rH It:AT1\1 EW1' - A H.l�VIEW 



/ 

i) EFFLUEU' PRODUC'l.'ION AT TH)� JlAIlU SHED 

It has been estimated that once stocking rates rise ab ove 2.5 c ows/ha 

effluent disposal becomes a }Jroblem (1). T he characterist i cs of 

dai ry shed effluent are reviewecl in Appendix 1 and summarized in 

Table 2:1. These f i gures should be used with care owing to the wide 

variatiorl in values rep orte d. The nat i onal imp l i c at i ons of this 

effluent produc t ion have been outlined ( 2 3) . 

Al t hough IDany workers have analysed the effluent p roduced by dairy 

cat t l e, and many !!lore have investigated systems for treatment Cind 

disp osal. little, if any, w o rk has been rep orted on me thods of 

reducing the t o tal volume o f  effluent to be handled. 

2 : 2 )  TREATMENT METHODS AND THE LAW 

2:2. 1 )  The Water and Soil C onservation Act 

The Wa ter and S o i l  Conservat ion Act plus amendment s  (216) sets out 

regul at i ons for the control of fresh and sal ine wa t er quality. The 

law is based on the c oncep t that p resent and future uses of the wa ter 

will determine i ts required quality. To ca ter for these uses , all 

natural waters are classified into four main c ategories. The c riteria 

for c l assifica tion are snllrrnarized in Table 2:2. The law states tha t 

no discharge shoul d cause t he water to fall below its class i f i c a tion. 

On app l i cati on, the RRgional Water Board who administer the Act , may 

issue a 'Right to Discharge ' .  The ' Eight' sp ec ifies the 

charac teristics of the effluent acceptable to the Board and vrLll vary 
dep ending on the recei ving water class i fica t i on .  All 'Rights' are 

revised by the 11a ter Board, ei tlter by default wl18n the receiving 

wa ter is reclassified, or at the Board ' s  discreti on. The ability to 

revise the 'Ri gh t  to Discharge' is necessary to a c commodate unforseen 

water quality requirements. 

At present , po llu tion of underground waters through infiltration is 

not a c t ively p o l i;::ed. Although a p roducer does no t require a 'Right 

to Discharge' for land distributi on, assuming no d i re ct runo ff, it 

app ears from the law that he may bE? prosecuted for p olluting 

underground water if the source of the p ollu t i on c an be traced (4). 



TABLE 2: 1 

EF'Fl�U8NT PfWDUCTlon [) E� COW-DAY 

Parameter Total Efflucmt Estimated Effluent 

Production from the Dairy Yard 

Volume (1/ cow-day) 40 70 

BOD (kg/cow-day) 0.t3 0. 07 

Solids (kg TS/cow-day) 4.(3 0. 40 

Solids (kg SS/ cow·-day) 3.5 0.28 

Nitrogen (kg/cow-day) 0.14 0.010 

Phosphorus (kg/co"l-uI:lY) O.OG 0.003 

Potassium (kg/cow-day) 0. 11 0.005 



TABLE 2 : 2 

Class Temp DO 

°c ppm 

A 

B ±.3 ( 1 ) 6 

c ±.3 6 

D ±.3 6 

A Sm�UffiY OF FRESH WATER CLASSIFICATION IN N.Z. 

pH  Faecal Coliform Total Coliform Use Aquatic Life 

/100 ml /100 ml 

No waste dis charge permitted 

6 . 0-8. 5 2,000 1 0 , 000 Human No toxicity 

6. 5-8. 3 200 NS ( 2 ) 
Human No toxicity 

6 . 0-9. 0  . NS NS Livestock No toxicity 

NOTES: ( 1 ) These values are based on the prevailing conditions.  

Specific limits are not set because of wide variations 
experienced. 

(2) NS = not specified 

Colour 

Turbidity 

No Change ( 1 )  

I 
No change 

No change 

\.D 



PressurE' is being applied to the industry to updat9 its effluent 

treatment systems with the inducement of a $2,000 fine with $100/ day 

for each day the (-ffence continues. Legal action has been taken 

against several d&iry farmers and the number of prosecutions is 
expected to increase (218). 

2:  2.2) Dai:>.'Y Regulations 

The dai�y farmer is also subject to regulations within the industry 

which a�e enforcet by the Dairy Division of the Ministry of 

Agriculture and Fisheries (5). 'fhe regulations are primarily 

concerned with the production of a high quality product. To crillure 

this, guidelines have been laid down for: 

( a) the design and siting ·Jf dairy sheds 

Cb) the installation of milking machinery 

(c) tne cleaning of milking plants 

( d) the siting of effluent collection pits, pUlllP units, lagO�lns and 

sprayed areas. 

These controls cover the design and operation of the dairy shel�, both 

directly and indirectly, and affect the nature of the waste anc. its 

method 01' treatment and disp0sal. 

2:2.3) National Surveys of Dairy Shed Effluent Treatment 

Since t�ese regulations were introduced some simple disposal methods 

have been used to circumvent the law. Transferring waste to 

sacrifice areas 0: 'u1 lnd gullies' has been popu lar and prosecutions 

have been uvoided. 

A number of surveys have been made on the treatment methods u;Jed 

within the dairy industry ( D7, 110-112). A summary of these results 

is presented in Tablo ?: 5. -rhe 10% reduction in unsatisfactory 

treatment systems is encouraging but it is expected that some 

marginal, and all unsatisfactory, treatment systems will have to be 
modified as Catclunent Hoards and the Dairy Division apply the 

regulations more �igorously. 
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TABLE :?: 3 

A SURVEY OF DAIRY SHl�D EFFLUENT TREATMENT SYSTEMS 

Type  of System % of Farms Using System Acc ep tabili ty 
( 1 ) ( 2 )  ( 3) 

197 1 /72 1 975/76 

Spray i rrigation 5 . 5 21 . 0 Satisfactory 

Lagoons 6. 1 5.6 Satisfactory 

Tankers 3. 3 3. 4 Satisfactory 

P iping 6 . 2 9 .  1 Marginal 

Waste  land 23. 9 15.4 Marginal 

Open drains 

} 
36.C Unsatisfactory 

Blind drains 55 . 2  7.2 Unsatisfactory 

Other 1.E Unsatisfactory 

NOTE: ( 1 )  The criteria for defining treatment systems intu any 

category is not c lear. 

( 2 )  Regional variation i s  large and must be c onsidered when 

applying this data. 

1 1 

( 3) The acceptabil ity rating is the author's . The classification 

is subjective and indicates the areas of concern within the 

administrative bodies . 



2: 3) LAHD I'I':�JOSAL 

2: 3. 1 )  Introduction 

Land disposal of dairy effluent has been widely used ( 7-34 , 172) . 

Soil ha� tLa capacity t o  adsorb and decompose waste by chemical 

reactior. and by the action of indigenous organisms. Land disposal 

cm thel'efore reduce the organic loading on natural waters. It also 

provide8 a source of irrigation and fertilizer. 

New Zealand's favourable cl imate allows the daily application of 

efflueni to pasture throughout the year, providing adequate drainage 

is  present to cope with the wetter months (7). This contrasts with 

overseaG practice where severe 'i'ilnters often require waste to be 

stored in holding ponds for land application prior to spring 

ploughine (26 ,  27, 1 20 ,  1 2 1 ) . 

2 :  3 .2) Des�.gn and Loading Rates 

C omprehensive bulletins on the design of spray irrigation systems in 

N.Z. ha':e been published ( 1 1 ,  1 2 , 1 4 , 1 5, 304). These include pump 

and spr�.nkler selection, siting and area requirewents , pip ing and 

system (�esign and management guidelines . 

High l oading rates are detrimental ( 9 ,  19 , 25-27, 1 20 )  to :  

(a ) soil structure through the breakdown of stable soil  aggregates 

( b ) pl ant growU� due to anaerobic conditions in the root ZOlle and 

exce8sive solid d eposits 

( c ) tj.'eatment efficiency as a result of solid and nutrient 

accumulation 
( d ) animal health including metabolic disorders , pathogen infections 

and possibly reduced feed intake due to lowered pasture 
palatabili ty. 

The ove:·:all effluent loading is determined by considering the relative 

contributions of the hydraulic , sol id and nutrient loads. 

2 : 3 . 2, 1 )  Hydraulic Loads -

The application rate should not exceed the inf il tration rate.  Values 
vary from 3rmn/h to more than 3Omm/h, depending on the prevailing 

condition::; (p, 12?, 1'52). The totl-il volume per tipplication is 



limi ted by the soil's fi eld capaci t:,/ (1 6). Hydraul i c  loads may b e  

increased by sub surface drainage ( 16). However, resi dence t im es 

can be �nduly decreased by exc essive use of this procedure. 

2:3.2,2) Solid Loads -
Annual �pplicat i o ns of effluent, prior to soil t i l lage for crop p ing, 

range from 6 to m o r e  than 350 t onnes dry mat t e r  ( DM) /ha. Greate r  

than 200 tonnes DJVl/ha is n o t  r egarded as sui table (19, 26, 27, 120, 

121, 123-125). Loadings fo r r ep ea ted effluent irriga t i on are 2.1-3 . 5 

t o nnes total so l i ds (TS)/ha/3-4 week cycle (19, 25, 120). 

2:3.2,3) �ltri ent L oads -

N itroge!1 ( N) is a key element because of i ts mobil i ty in the soil (20), 

its dominance in plant growth (126) a nd its high l evels i n  dairy shed 

effluen t ( Appendix I). C omparison of publ ished data (19, 20, 22 , 24, 

120 , 12 1 , 123, 126, 127, 129) suggests tha t ,  even allowing f or losses , 

l oadini�'-3 in excess of 700 kg N/ha-yr should no t b e  applied. Ni trogen 

loadings above thi s  level may be ob tained with anaerobic pretreatment 

of the was t e .  The i ncreased p rop ortion of amm oniacal ni trogen (NH4-N) 

both decreases nit rogen mobility i n  the s o il (119) and increases 

losses through v o l a t i l ization (20, 24, 123). 

O the r nut r ients such as phosphorus (p) a nd potassium (K) are not 

usually c onsidered i n  design as their lower c o nc enl ration i n  the 

effluer:t ( Append ix I) and ease of binding by soil and plant redu c e  

their zignificance relative t o  N (19, 119, 126, 130). Sodium ( Na ) 
levels may be detrimental to soil stru cture (119, 121). 

Optimization of nu t rient loading has b een reported ('183, 197). 

2:3.3) Tr�atment Efficiency 

Vari ations in effluent , climat e, soil, plant c ove:', design and 

manageffie nt contri bute to the variat ion of treatIDe�t effic i e ncy 

reportE'd. 

2: 3 . 3 , 1 ) P.unoff and I nfiltra t i o n  Quality -

Result� o f  runoff monitoring are summari z ed in Table 2:4. 

Star0ardization of reported i nfiltrat i o n  loads is difficult ( 1 8, 
20-22, 121, 128, 133, 136, 138, 139). Biochemical oxygen demand 

(BOD) levels in ground. wa t e r  are geilerally l ess than 10 mg/l (18). 
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TABLE 2 : 4  

RUNOFF QUALITY FRorr. LAND DI SPOSAL AREAS 

Parameters BOD 1 °3 
- P04 

-- + Faecal Coliform K 

Concentration 45-1 00 7-50 1 0-20 1 00-300 1 03_ >1 05 

( mg/l) ( Organism/1 00 ml) 

Level Above 1 -5 1 -5 1 -3 - 1 . 5  - 2 . 0  

Control TilI!es Times Times Times 

References 1 8 , 1 9 , 1 20 ,  1 8 , 1 9 , 1 20 , 1 8 , 1 9 , 1 29 , 1 29 , 1 39.  1 8 , 1 9 , 1 29 .  

1 37 . 1 29,  1 33 , 1 34 ,  1 34, 1 36 , 1 37. 

1 36 , 1 37 , 1 39 .  



Monitor ing of tile drains frotl a d i sp o sa l  a rea gave 25-100% BOI) 

rem oval , w i th ni t ra t e  n i trogen ( N03-N) l eve l s  4-5 t im e s  those e f  the 

c o ntrol area (133) . P ho sphoru s  mov elli ent i s  m inimal w i th 99% removals 

r ep or t e d  ( 1 7 ) .  A 98% T S  removal may also be exp e c ted (18) . 

2: 3. 3, 2) S o i l  Qual ity -

Land d i s p o s a l  o f  o r gani c was t e s  generally imp rove s so i l  s t ru c tu re 

( 1 39) t h ou gh some r ep o r t s  o f  dec reased infil trat i on ra te over the 

l ong t erm have been pub l ished (26, 27) . Nu tri ent accu mu l a t i on o c curs 

w ithin the soil (121, 127, 128) whi ch inc r eases soil c o ndu c t ivl ty 

(139) . 

2 : 3. 4) P l ant Growth R e sponses 

An increase in crop dry ma t t e r ,  of 0 .15-2.00 t ime s the c ontroJ , i s  

usuall y  sh own i n  e f flu ent disp o sal are as (22-25, 94, 120, 134, 139-

141 ) .  Yi e l d  redu c t i ons under h i gh l oadings have o c cu r e d  (25, 121 ,  

127, 142 ) . 

Palatab i l i  t y ,  dige s t i b i l ity and nu t r ient l e ve l s  are n o t  s i gni }'icantly 

a ffec t e d  by land d i sp o sal , providing go od management is o b tained 

1 :., 

(22, 25 ,  140) . 

2: 3. 5 )  Animal Heal th 

2: 3. 5,1) D i s ease Transm i s 0 ion -

Althou gh many workers ( 9 , 1 7 , 19 ,  29-32) have rep o r t e d  on the p o s s i b l e  

d i s ease p ro bl ems ari S i ng from l and d isp o sa l , i t  i s  difficu l t  L o  p rove 

the rel a t i onship between the pathoge ns detec ted and the c o rr esp ond i ng 

d i seas e s  i n  s t ock and ruen. 

2: 3. 5 , 2) Me t abol i c  D i s ord ers -

The ac cuTl , u l at i on o f  ni tra t e  i n  crops i s  influ enc ed by the app l ied 

nitrogen l o ad s  ( 1 20, 1 2 1 , 1 25 , 146) . As s o c iated tox i c i ty p r o b l ems 

have b e en rep o r t e d  ( 1 44 )  and N0
3

-N l evel s in l iv 8 s t o c k  feeds �rea t er 

than 0. 2% ( DH bas i s) a ('e viewed w it h  conc ern ( 1 4, ) . 

A p o tass ) um/ ( cal c ium ; ' , l ll magne s ium) rat i o  ( K/( Ca + Mg) ) great er 

than 2 i� und e s i rabl e .  part i cu l arly und e r  low Mg cond i t i ons ( 1 20 ,  1 45 ) . 
I nve stigE t i on o f  the i.'�' salts i n  tIl l.) e ffluent ( 10 ,  1 1 9 , 1 38) indi ca teG 



potential problems , particularly with pretreatment prior to land 

disposal as solid/liquid separation could remove much of the bound Ca 

leaving the soluble K to further increase the K/ ( Ca + Mg) ratio. 

2 : 3. 6 )  Pretreatment for Land Disposal 

Pretreatment of effluent prior to land disposal has been used 

extensively overseas ( 24 ,  1 1 7 , 1 25 ,  1 28 ,  1 31 ,  1 32 ,  1 47 ,  1 49 )  and is 

being introduced i� N. Z. ( 1 48 ,  299) . The reasons for pretreatment 

include; improved handling characteristics , increased loading rates , 

reduced runoff and simplified management . 

The two main alternatives are ponding, to  allow periodic discharge 

( 24 ,  1 1 7 , 1 25 ,  1 28, 1 47 ,  1 48) , or solid/liquid separation, to allow 

the use of conventional irrigation equipment and concentrated solid 

storage ( 1 28,  1 3 1 ,  1 49) . 

2 : 3. 7) Economics of Land Disposal 

Overseas literature ( 33 ,  35 ) indicates that the cost of land disposal 

is greater than any returns obtained fr()m increased dry matter 

production and must be justified on s omething other than fertilizer 

value. Some N. Z .  operators also see spray disposal as an expensive 

substitute for inorganic fertilizers ( 28) . 

Phillips ( 34) suggested that the increased dry matter yield balanced 

the capital and running costs of spray disposal on a well managed 

system. This was a short term study and did not consider the 

utilization of any dry matter produced. Dakers ( 1 1 0) , in a more 

recent analYSiS ,  showed that spray irrigation has a net annual cost 

of $375 for a 1 00 cow town supply herd. Clarke ( 300) indicated that 

these costs could be substantially increased when considered over the 

l ong term, due to high maintenance problems . 

The scale of operation. the quality of management, and the location 

of the farm will all affect the final costing. Individual analysiS 

o f  each situation is the only realistic method of evaluating the 

suitability of a land disposal system. 

1 6  



2 : 4) ANAEROBI C TREATMENT 

2 : 4. 1 )  Introduction 

Anaerobic digestion is a pow8rful biological method. of stabilizi . .  g 

organic matter and reducing its mass . I t  is a two-stage process 

c onvert ing complex organics via intermed.iate volatile fatty ac ids 

( VFA ' s ) , carbon dioxide ( C02) and cell  matter to methane ( CH4) ,  CO2 
and additional cel l matter. The two stages  should operate 

oncurrently as shown : 

Complex 

organics  Acid 

Fermentation 

VFA + CO2 
+ cells 

----------:l)O-
CH 4 + C O2 

Methane 

Fermentation 

+ cells 

The process has been the subj ect of a vast amount of investigat ion, 

much of  which has been conde�sed in comprehensive reviews ( 37 ,  1 53-

1 57) • 

The maj or advantage s and disadvantage s of anaerobi c treatment are 

summari zed below. 

Advantages :  

( a) Low nutrien� requirement s ,  app licable to a wide vari ety of  

was tes . 

( b) Sol ids reduct ion, stabilizat ion and improved dewatering 

characteristicb .  

( 0 ) Redu ction i n  pat hogen levels . 

( d) Reduction in the COD of the effluent. 

( e) Sludge remo-;ral imp roves subs equent aerobic treatment . 

( f) Sui table for concentrated efflu ents due to ope rat ion in the 

abs enc e of oxygen. 

( g) Low net cell production due to low energy levels in the overall 

reaction. 

( h) P roduction of methane . 

Dis advantages :  

( a) High temperature requirement to achieve sa tisfact ory reCic tion 

rates .  

( b ) L ow environmental flexibil ity due t o  the stringent requ irements 

of the methane producing bac teria . 

1 7  



( c ) I nability t o  degrade some organic compounds such as aromati c  

moieties used in detergents . 

( d) High level of  technology and operator skill for efficient 

operation. 

2 : 4. 2) Principles of Anaerobic Treatment 

2 : 4 . 2 , 1 )  Biochemical Reactions -

Hydrolysis of the c omplex organic compounds is generally executed by 

extra-cellular enzymes .  This process may be rate limiting with 

lignified or similarly resistant products ( 1 56 ,  1 58) . The hydrolysed 

c omponents are absorbed by the cell and degraded via standard 

biochemical pathways ( 37 .  1 5 3 ,  1 55 ) . 

The me thane producing bac teria have simple  nutritive requirements , 

most of which are the products of acid fermentation. The biochemical 

details of the conversion from VFA ' s to CH4 have not been fully 

determi�ed ( 1 53- 1 56 ) . However ,  the overall reaction rate is slow and 

methane generation is  the rate-limiting reaction in most digesti on 

processes. 

2 : 4. 2 , 2) Environmental Requirements -

1 8  

Despite their simple  nutritive requirements ,  methane producing bacteria 

are sensitive to their environment ,  and traditionally anaerobic 

digesters have been operated under strictly controlled conditions for 

maximum me thane output . 

Digeet�r loading rates and effluent properties can affect the 

environment by controlling alkalinity, microbial residence time ,  

substr&te input,  temperature and the degree o f  endogenous respiration. 

The conditi ons reported for each stage of the digestion process are 

summari.zed in Table 2: 5 ( 1 60 ) . 

2 : 4 . 3) Anaerobic Lagoons 

Anaerobic lagoons are excavated ponds 1"i th earth embankments giving 

an avel'age depth of  3m. Their low capital and operating costs have 

suited them for dairy shed effluent treatment ( 43-45 , 1 35 ,  1 49 ,  1 64-

1 66 ,  1 68- 1 7 1 ) .  Raw e ffluent is discharged directly into the lago on, 



ENVIRONMENTAL REQUIREMENTS FOR ANAEROBIC DIGESTION 

1Tariable Acid Fermentation Methane 

( 1 ) Fermentation ( 2 ) 

Temperature ( oC)  20  ± 5 37 ± 2 

pH 5 . 5 - 6 . 5 6 . 8 - 7. 5 

Alkalinity ( mg/l) 1 , 000 > 1 , 500 

Redox :;J otential (mV) - 1 00 -300 

VFA ' s  ( mg/l) - <- 2 000 ( 3) 
, 

Max. growth rate 1 .  25 0 . 1 4  
( gener�t ions/h) 

NOTE ; ( 1 )  Theee values have been rep orted when the acid fermentat ion 
phase was optimized in isolation from methane fermentation. 

( 2 ) Values shown reflect the envir onmental conditions of a 

traditionally operated me thane digester. 

( 3)  VFA toxicity interacts with pH and cation levels ( 1 54) . 

1 9  



the perfc �ance of which i s  governed by loading rates,  method of 

operatior. and the environment. 

2 : 4. 3 , 1 )  Loading Rates -

(a )  BOD load : Hart and Turner ( 44)  suggested that kg BOD/m3-day 

was the most suitable  loading parameter. The relatively low 

BOD/volatile solids ( VS) ratio experienced with dairy waste 

sup, orts this.  

Loading rates for various effluents range from 0 . 0 1 3-0 . 540 kg 

BOD/m3-day ( 44 ,  48, 1 1 9 , 1 6 1 ) .  Design l oadings for dairy 

cattle effluent have been as high as 0 . 1 4  kg BOD/m3-day ( 47) , 

20 

but Bhagat and Proctor ( 48) estimated operational loadings of 

0 . 32 kg BOD/m3-day, allowing for the accumulated solids in the 
lagoons . N. Z .  design figures range from 0 . 02-0 . 0 5  kg BOD/m3-day 

( 52-55 ,  1 67) or 0 . 2 9  kg chemical oxyg�h demand ( COD)/m3-day ( 57) . 

( b ) Solids l oad : Loads of  0 . 07-5 . 1 0  kg VS/m3-day have been quoted 

( 44-46) . The normal design loadings range from 0 . 0 1 2-0 . 20 kg 

VS/m3-day ( 47 ,  49 , 57 ,  1 64 ,  1 66 ,  1 69)  with levels of 1 . 1 2 kg 

VS/m3-day if  allowance is made for volume reduction due to 

accumulated solids ( 48) . TS l oadings are similar, allowing 

for a 75-80% Vs content ( 1 65) . 

( c ) Hydraulic l oad : There is little mixing in lagoons and this 

allows solid sedimentation, reducing the influence of hydraulic 
l oads on solids residence time. High hydraulic loads can lead 

to a reduction in t reatment , followed by overloading of the 
aerobic lagoons ( 1 73) .  Design values for residence  t imes vary 
from 7 . 5-65 days ( 46 ,  47-49, 57 ,  1 66 ,  1 69)  with a mean of 25-30 

days . Design value s  will decrease as settled solid accumulates 

( 48) • 

( d) Animal load : Using data from Table 2 : 1 and the above loading 

rates , an average lagoon size of 2-3 m3/cow-day would be used 

for effluent from the dairy shed. This would provide a 
residence t ime of 30 days . 
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2 : 4. 3 , 2 ) 1&goon Operation -

Al thougl! a significant proportion o f  la�oon treatment is achieved 

through settling, some mixing is requirsd to provide satisfactcry 

microflora/waste c ontact for decomposition ( 1 1 9 , 1 6 1 ,  1 69 ) . Tr.is is 

achieved naturally by: 

( a) the currents produced by waste entry ( 1 63 ) 

( b ) the evolution of gas through microbial activity ( 1 1 9 ) 

( c ) the result of thermal gradients ( 1 6 1 -1 63) 

( d ) the effect of  wind ( 1 6 1 - 1 63) .  

Pumped recycling \'Tould improve the solids disp ersal within the lagoon 

and could be incorporated into a hydraulic recycle system for 

cleaning, solids removal and land disposal ( 94 ,  1 1 7 ,  1 37 , 1 49 ,  1 69) . 

M ixing would also redu c e  the problem of  short c ircui ting through 

thermal stratification ( 1 6 1 ) .  However , some p roblems with odours, 

disease and chemical p recipitates have been encountered ( 1 75-1 80) . 

Temperature affects design loading rates as methane generation almost 

ceases below 1 3-1 5 0C ( 1 1 9 , 1 6 1 ) .  For this reason ' start up ' is 

recommended over the summer months ( 1 6 1 -1 63) .  The increased microbial 

activity during spring, particularly in acid fermentati on ,  may cause 
an increase in VFA ' s  and odour .  

Surface solid is  often formed on anaerobic lagoons. The presence of  

this fibrous mat provides i nsu l a t i o n  during c o ld weather ,  but it  also 

reduces wind mixing. Ac cumulation of rising solid lifts part of the 
fibrous mat above the liquid surface,  decreasing its contact with the 

microflora and thus reducing its decomposition. 

Details for design, construction and maintenance of anaerobic lagoons 

have been presented ( 54-58) . The practice of installing central 

discharges above surface level may not be ideal as this could cause 

short circuiting ( 1 6 1 ) .  Raw waste discharge in one end o f  the lagoon 

has shown satisfactory solid distribution ( 1 66 ) . 

2 : 4 . 3, 3) Treatment Effici ency -

BOD removal for anaerobic lagoons varies from 88% at  29°C , to 20% at 

2°C ( 47) . Similar values have been recorded by o ther workers ( 48, 49 , 
1 6 1 , 1 64) , BOD d i s oharge levels rango from 1 50 rug/l to  more than 



400 mg/l ( 47 ,  1 67) . TS  and VS removal follow similar trends ( 48 ,  49,  

1 6 1 ) .  For dairy �aste more than 60% of the BaD and TS removal can be 

attributed to settling ( Chapter 2 : 6 . 1 , 1 ) . I t  should be noted that TS 

removal does not imply decomposition,  hi..l.t storage in the lagoon. The 

insensitivity of lagoon discharge to variation in loading rate has 

been reported by s ome \wrkers ( 46) . 

Total Kj eldahl nitrogen decreases ( 48,  1 64 ) , but NH4-N can rise by 

25% to yield more than 70% NH4-N ( 48) . N0
3
-N shows a 7% incre&se 

( 49 ) . The change in N forms is affected by temperature. There is an 

estimated 25-55% decrease in total phosphate through the anaerobic 

lagoon (48, 49) . Microbial reduct i on is  greater in summer , with 99% 

faecal coliform removal ( 47 ,  1 6 1 ) .  The discharged liquor may have an 

odour.  

Infil tration from lagoons to  ground water is of  concern. DaviG e t  al.  
( 56 )  showed that lagoons were e ffectively self sealing in 4 months .  

Other workers ( 1 64 ,  1 68) suggested that 6-8 months were required 

before sealing. However, Nordstedt et al.  ( 49) , monitoring ground 

water samples at 4 . 6-30 . 0m from the lagoon, showed the resp ective BOD 

levels to be 8- 1 times those of the control . N0
3
-N showed a 5 fold 

increase of the control at 4. 6m. Sewell et al . ( 1 68) reported 

similar N0
3
-N and chloride increase s prior to seal ing. Hills ( 57) 

demonstrated that the degree of infiltration was dependent on soil 

type and the hydraulic gradient . I nfil tration rates were 

approximately 1% of the pollutant load measured as COD , N and total 
VS. Provided the s o i l  contained more than 7. 5% clay or 30. 5% s il t ,  
and was compact ed t o  the maximum Proctor Density,  little infiltration 
was exp erienced .  The mechanisms of se8.ling have been reported (57 ,  
1 68 ,  1 74) . 

2 : 4. 3 , 4) Solids Accumulation and Disp osal -

Of  the VS added to  a lagoon, 40-60% may be destroyed ( 44-47 , 1 66 ) . 

Bhagat and Proc tor ( 48) stated that only 29% of  the settled VS was 

biodegradable .  The inert solids also accumulate ,  giving a TS 

accumulation of 0 . 32-4 . 00 kg/m3-day over a loading range of 0 . 8-4. 8 

kg VS/m3 -day ( 45) . The volume of T3 accumulated depends on 81udge 

density . Loehr ( 46 ) , and Nords ted L and Baldwin ( 1 66 ,  1 69) showed 

that inC I'Cla s i ne the solids l oadin� rate increased the sludge density. 
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Value s qu oted range from 4 .6  • .  1 2 . 07b TS at  50-70% vs . An increase in 

temperature increa sed the biological activity in the sludge and 

23  

tended to reduce sludge density ( 1 69) . As  a result of  these cc·ndi tions 

the sludge accumul ation rate on a volume basis was relatively constant , 

irrespective of loading rate or operating c onditions. A l oadir;g rate 

of 0. 1 1 5  kg VS/m3-day resulted in a sludge accumulation rate o f  

0.0033 m)/kg T S  added or 0 . 0038 m3/kg VS added. The annual sludge 

accumulation was 1 5- 1 7% of lagoon volume ( 166 , 169) . 

Lagoon sludges are c ommonly distributed on the land. Nordstedt and 

Baldwin ( 169) suggested pumping, or p erhaps dredging, as the most 

e fficient method of removal . The cleaning operation could be done on 

a batch ( i . e. ,  every 5-6 years) , a periodic ( i . e . , every 6-1 2 months ) ,  

or on a c ontinuous basis ,  de�ending on preference and available  

equipment . Whichever system is  employed,  care should be taken to  

avoid emptying the ponds below the level of the surrounding water 

table ,  and at a rate which could cause bank erosion. 

The only available loading rates for land application are presented 

in Chap ter 2 : 3 . 2 . Additional attentioL should be given to pathogen 

levels  ( 46 ,  1 35 ) . At least one quarter of' the sludge should be left 

in the lagoon t o  act as " seed" for future treatment ( 45) . Brown ( 54 ,  

55 )  suggested c leaning once the lagoon contained 50% accumula ted 

sludge. 

2: 4. 4) Cappod Anaerobic D ige stion 

Anaerobic digestLm rates can be improved by controlling the 

environment . The increased decomposi t i on may produce suffici ent 

methane to warrant i ts collection and storage as a high energy fuel . 

This system has had wide application in  agricultu:::'e ( 43 ,  88 , 1 1 9 ,  1 24 ,  

1 84-1 86 , 1 89 ,  3 1 6 ,  3 1 7) , particularly with piggery effluent ( 1 87 ,  1 88,  

1 90-1 92) . 

2 : 4 . 4 , 1 )  Loading Rates -

Digesters may be loaded at 0. 5-8. 0 kg VS/m3-day depending on the 

degree of mixing and temperature control ( 1 53- 1 57) . Laboratory 

digesters , receiving dairy cattle lJaste ,  were loaded at 1 .6-3 . 8 kg 

VS/m3 -day ( 39 ,  40 , 1 9 )) . Solids l ( ,vels  within a digester arE: 

mainta ine d  at 2-3% T f; ,  Lower Vahl(!i;; require increased dige st e r 



capacity_ while higher levels resu l t  in solids handling p roblems 

( 1 94) . 

Although theoretical hydraulic res idence t imes may be less than 6 

days ( 1 1 9 ) ,  in practice values of 1 0-30 days are employed ( 39 ,  40 , 

86) . At the shorter holding time s ,  solid recycle is usually used to 

avoid microbial washout .  

2 : 4. 4, 2 ) Treatment Efficiency and Gas Production -

Dairy cattle  waste  VS removals of 1 1 -53% have been reported with a 

mean of approximately 20% ( 39 ,  40 , 1 86 ,  1 93 ) .  BaD removals range 

from 59-89%, with effluent concentrations still in excess of 1 , 000 

mg/l ( 39) . COD reductions are significantly less ( 40 ) . 

Gas product ion, c onsisting of 52-68% methane,  ranges from 0 . 25-1 . 00 

m3/kg VS destroyed ( 39 ,  40 , 1 24 ,  1 86 ) . Collection and storage 

should include condensate and flame traps ,  and scrubbers t o  remove 

other gases ( 1 85 ,  1 95 ,  1 96 ) . The energy value of methane is  37. 2 3 
M3/m3 at S . T . P .  ( 1 95) . The net energy yields are considered 

marginal with dairy cattle wastes ( 30 1 , 302 ) . 

The nutrit ional value of the dige sted sludge has been considered by 

various authors ( 1 86 ,  1 98) , but the sludge is generally disposed of 

by land application ( 1 86 ,  1 95 ,  1 96 ) . 

2 : 4. 4 , 3) Design and Development -

Design of anaerobic digesters has been documented ( 4 1 , 42 , 1 85 ,  1 92 ,  
1 95 ) . 

Improved technology, using anaerobic upflow filters ( 1 1 9 , 1 53) and 

split phase digestion ( 1 59 ,  1 60) , has significantly improved domestic 

treatment systems . Loading rates of 80 kg VS/m3-day into an acid 
digester have been reported ( 1 60) . These systems have not been 

widely used in agriculture. 
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2 : 5 )  AEROBI : TREATMENT 

2 :  5 .  1 )  Intrs,duction 

The reac r. :i ons within aerobic treatment systems and the microflora 

resp onsHle fe them have been reviewed ( 1 1 9 , 1 95 ,  1 98 ,  1 99) . The 

optimum I,H range is 6 . 5-8. 5 ( 1 98) . The nutrient requirements for N 

and P relative to  organic waste oxidation are given as BOD: N : P  = 

1 00 : 3: 0 . 5 ( 1 1 9 , 1 98) . Reaction rate constants are affected by 

temperature changes ,  as are fluid prop e rties such as  density, surface 

tension, gaseous diffusion and solubility. Mixing i s  important to  

maintain nutrient and oxygen distribution and to reduce thermal 

gradien ts and effluent short c ircuiting. 

A minim;.lm of 1 -2 ppm dissolved oxygen ( DO )  must be maintained to  

sustain aerobic decomposition ( 1 1 9 , 1 95 ,  1 98) . The oxygen supply 

should match the demands exerted by the organic wastes ( BOD) and 

endogenous metabolism ( 1 1 9 , 1 99 ,  200, 2 1 7) .  

Aerobic  sludge yields may be calculated ( 1 95 ,  1 98) but are largely 

influenced  by the nature of the waste.  The cell yield ,  the cell 

endogenous rate and the food to microorganism ratio ( F/M) all affect 

sludge production.  

2 : 5 . 2 ) Oxidation Ponds 

Oxidati on p onds are the simp lest aerobic treatment systems . They 
rely on natural air/surface contact and photosynthesis  to maintain 

a supply of DO. They may be facultative in opera�i on since s ome 

anaerobic digestion occurs in the settled  sec onda� sludge. 

2 : 5 . 2 , 1 )  Design Considerations -

P ond design procedures are reported by Gloyna ( 1 62 ) , Thirumurthi 

( 203)  and Eckenfelder ( 204) . Hydraulic overloads have been the 

cause of lagoon failure ( 1 63 ,  205 ) . Retention times of 20-30 days 
are common ( 1 6 1 ) .  

The BOD removal rate is  of primary importance . Thirumurthi ( 203) 

suggested that this is influenced by organic load , t oxicity ,  

insolation rates ,  temperature and pond structure. Assuming no 

toxicity problems with dairy wastes ; the effects of the other 
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variables '.;an be briefly summarized. 

( a) BC :D Load: Iecreasing the organic load reduces the rate of BOD 

removal. This should not be confused with percentage BOD 

r0.moval and effluent quality which may well improve with 

r(�duced organic loading rates .  

BOD loadings range from 8-670 kg BOD/ha-day ( 1 1 9 , 1 6 1 ,  1 62 )  

w:� th 84 kg BOD/ha-day being used under N .  Z .  conditions ( 5 5 ,  

58) . 

( b) Insolation Rates : Algae are the main contributors to  the DO 

s�pply in lagoons . Stoichiometrically, the ratio  of  oxygen 

p��oduction to algal synthesis is 2: 1 on a weight basis ( 1 1 9 ) 

t : lOugh in pract i ce values of  approximately 1 . 6 : 1 are obtained 

( 1 1 9 , 1 6 1 , 1 62 ,  204 ) . Algal synthesis is dependent on 

pi'J.otosynthetic e fficiency. Ileported values range from 2-1 2% 

( 1 1 9 , 1 6 1 ,  1 62 ,  204) . 

Nael et al . ( 20 6 )  suggested that a minimum of 1 .  68 Langleys of 

tcltal radiation per day are required p er kg BOD/ha applied.  

( c)  T.c;mperature : In addi tion to .i t s e ffec t  on biologi cal reac tion 

rates , temperature change w i l l  cause thermal stratification in 

t h o  absence of wind for mixing. Thi s l eads to poor oxy�en and 

algal distribution,  low temperatures at the bottom of l ;1.goons 
a n d . ... Jwrt c irou i ting ( 1 63) . 

( d) P O! i Q  Structure :  Details of pond design have been reported 

( 16 1 , 1 62) . I deally, large shallow ponds are required but 
res traints on area,  minimum dep th requirements to avoid insect 

breeding ani the need to maintain an active bac terial 

population ,  resl l lt  in lagoons approximately 1 m  deep ( 1 1 9 , 1 6 1 -

1 ,-� j) . Surf9.ce ,l imensions of less than 3 :  1 ( length: breadth) , 

a n Q  orientation to prevailing "linds,  are recommended to obtain 

JIl ax imum win i mix.Lng. Inlets a t  one end of the lagoon are 

r·ecommended ( I  (,3) . 

2 :  5 . 2, 2) T r(:;ti tment E ffi c .i cmcy -

Bfflu8VL q u aE ty ran ei.ng from 2-:;I5Cl mg BOD/I has been reported ( 52 ,  



1 1 9 ,  1 6 � )  with the quality largely reflecting the extent of algal. 

removal.  Treatmer.t e fficiencies of  70-90% BOD reduction may be 

expected ( 1 1 9 , 1 6 1 , 1 62 ) . 

A l inea:.: die-off rate of  pathogenic organisms has been reported,  

resulting in 95-99% removal of E. coli ( 1 6 1 ) .  C onsequently, ponds 

in series are more effective than single large ponds as  they reduce 

short c ircui ting ( 1 6 1 ,  1 63) .  

Some aC8umulation o f  sludge will occur but this i s  not a problem. 

2 : 5 . 3 ) Aer�ted Lagoons 

Forced aeration was in troduced to reduce lagoon area , increase 

loading rates and decrease environmental e ffects on lagoon 

perform,3,nce ( 6 1 -7 1 ) .  Aeration is achieve d  with floating turbines or  

submerg8d spargers releasing compressed air. 

Oxygen �ptake rates  vary from 3-30 mg/l-hour and cerators are 

s electej to provide approximately twice the BaD load of 0 . 06-0. 1 6  kg/ 

m3 ( 6 1 , 65 ) . Typ ical aerator performances  are 0 . 9- 1 . 2  kg 02/kW-hour 

( 38 ,  4 3 ,  60 , 1 1  9) • 

The mix8d liquor volatile suspended sol ids ( IVfLVSS )  level. of 2-3% 
require3 mixing velocities of 0 . 1 5 m/s and power inputs  of up to 

7: 
8 kW/1 080m./ ( 43, 60 , 64 , 1 1 9) . 

2 : 5 . 4) Tri �kl ing Fil ters 

2 : 5 . 4 , 1 )  I�troduction -

The media w i thin a trickling filter provi des  a large surface area to  
volume ratio  and an  inert base for the development of a biological 

slime . 

I t  is the active biological film which absorbs and oxidises the 

pollutants in the effluent , thus reducing its BaD. Hence fil ter  

design and operati on is  directed to maximizing the mass of active 

biological film in contact with the effluent . 

'r t1 8  ad V U1 I  tage s  o f  trickling :t'il t e r s  have been discussed by other 
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'.' orkers ( 9 ,  ;?46 , 268) and may be summarized as ;  

( a) Si� le ope rat i on 

( b ) Lo� operating co s t s  

( c ) The abi l i ty to  handle sho c k  l oads with rap i d  recovery 

( d) l'il in i mum l and area occupi ed. 

These adv.':I.ntages make the trickling fil ter sui table for; 

( a) Small p opulat i on s  

( b ) Sho8k loadings 
( c )  Roughing, i .  e . , removal of app roximately 5U% BOD pr i or t o  

further treatme! t or discharge 
( d) P ol ishing - this may be eithe r through mod erate l oading::. t o  

o b tilin a good ( 20-30 ppm BOD) discharge , O r  at l ow load::. ngs 
fOi' nu trient removal . 

2 : 5. 4 , 2 )  Des i gn  C ons idera t i ons -
Various p � rmu ta t i on s  o j' filter de s i gn and operat J. ',m are repor !;ed 
( 246 , 24( . , 256 , 293) . 

Aside from the e1':::�ects  o f  e ffluent comp os i t i on and pretreatmeJ · t , the 
main fac �, o rs in fil ter design are : 

( a) Hydraulic Load - Low rate filters are loa,i9d at 0 . 9-3. (5 

m)/m2 -day ( 248) and high ['ate fil t e rs a t  [1-94 m3 1m2 -da;V ( 253 ,  

2 54 ) . The highe r fl ow ra t e s  are general ly with plastic  media.  
Hydraul ic l oads have b e en sho"ffi t u  reach a n  optimum for  any 
gi ven s e t  of c o nd i t i ons ( 255 , 256 ) . 

The n O vl muy be app lied contj nuously or :i ' . t ermi t t ently. 
Du s ing f'reql.wncy with intel'mi t t e n t  dis clJ;.H·I�'(J vari e s  wit ;  >ly ( 79 ,  

261:; , 284 , 2(8) . The advantaGe s  o f  flush f eeding inc l u c.: � ;  

flIm erosi01" n u  t ri ent p ene tration int o tl :� f i l ter and �reater 
endogenous resp i ra t i on ( r(9 ,  252) . 'l'he se & dvantages ar t  l e ss 

s i gn i fi c ant a t  I d  gh hydrau lic  load ings and w ith p l as t i c  media 
( 2-52 ) . Al tp.rnat :i ve methods o f  flush fe ed':' ng have been 

sUIJllllarized  ( 1 95 ' . 

( b ) BO O L oad - J30V l oads are rel a ted to hydrciU l i c  l oading : 27 1 ) .  
I nc r e a s i n g  the J iOD load w il l  de crea se the percentage r0'iilOVal 
by t l .l 0  fi l L s, r' ,  - ' u t  w i l J i n c l' <::ase the t o tal \'le ight of J3U) 

· .' E-; 



. , 

removed per uni t  volume ( 246 , 255 ,  265) . 

Fil ter load ing rates range from 0 . 08-0. 40 kg BOD/m3-day for low 

ra te fil ters to 0 . 41 -5 . 80 kg BOD/m 3 -day for high rate fH ters . 

( c ) Rec irculat i on - The advantages of recycling the effluen� 

through the filter have been s tated ( 246,  248) and are lis ted 

below: 

( i ) Improved effluent/film contac t . This is effec ted -ny 

improved liquid distri but ion, uniform thi clmes s with 

filter dep th and increased contac t time due to the 

greater number of pas ses . 

( i i)  Continual reseed.ing of  the fil ter influent.  

( iii )  Increased s tabili ty o f  flo" and BOD load applied t o  the 

filter. 

( iv) The reduc tion of fil ter blockage by increasing the 

sloughing of the film. 

( v) Imprcved fly control ,  particularly during summer. 

The disadvan tage s of recirculat i0n are : 

( i ) Increased costs from l&rge T pipe s ,  pumps and power 

requi rements . 

( i i )  Large r settling tanks i f  t::.1e recycle flow is passed 

throu gh one or both of the primary and secondary 

settling tanks ( 293) . 

( ii i )  Incre·asecl heat �_ oss :i.n L h e  w int e r. 
( i  v) The !'ossibili  ty o f  grea t e r  sludge production due to 

incr€:ased sloughing. 

( v) A dec rease in n:'.. tri fics.t io cl due to increased compet ition 

by heterotrophs flushed. down the filter ( 254) . 

Kinetic st�dies indica te tha t re�ycle ratios greater than 5 : 1 

are of little advantage in large s cale municipal treatment 

systems ( BCI ,  246 , 249, 2 5 1 , �'52 , 258) . 

( d) Filter Media - The charac teristics  of  the media may be 

SWi1l11arized after Fair et a1 . ( 1 95 )  and Loehr ( 1 1 9 ) as follows :  

-
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�ps�ific surface area ( m2/m3) 

VoU volume (%) 

stone 

80 -
45 -

media 

1 1 0 
55  

Plastic  med:' a 

90 - 1 00 ( 2 1 '7 !!lax) 
90 - 98 

Sh. e  (mm) 37 - 50 Varies with type 

W81.ght ( kg/m3) 1 440 96 

Details of the p roperties of the various  p lastic  media ar�d 

thei r  relative effectiveness can be obtained from the 

literature ( 25 5 ,  262 , 265 ,  266 ,  286) . 

The improved ventilation, increased microbial slime,  longer 

residence times per pass and reduced media weight allow 

trickling filters with plastic media to be built  t o  greater 

dep ths and operate at higher BOD 10adings/uIlit volume. 

The higher speci fic  surface area of p lastis media requires a 

hi6her minimum irrigation rate to maintain a satisfac tory 

l iquid  film over the entire microbial surface .  I t  i s  difficult  

to  determine how this " minimum" value i s  attained but values 

quoted vary from 35 m3/m2_day to more than 70 m3/m2_day ( 262 ,  

26 ') ) .  Plastic media is  als o  s ignificantly more expensi V:2 

than stone. 

Al though filter media i s  gene rally thought to be a stable ,  

chemically inert material capable 0 1' supporting its  own weight 

and the weight of the slime �md l iq u i d  on it , experiments have 
been done using brushwood ,  s tra.w und other degradable compounds 
( 273 ,  289) . Urushwood , with a spec ific surface area of  35 m2/ 
m3 a.nd 9 1 . 5% VOids ,  provided stgnificant removals over the 
monitored period ( 289) . The problems o f  compacting and 

bl o c king of the media , and its final disposal would limit its 

appli c a t i on in the l onger term. 

( e) PEter Depth - Filter dep th varies from I m , for high ra t e  
sLme media fil ters , to  12m for plasti c  mc,"dia filters ( 1 1 9 , 
24.::\) . '1'here i s  no agreement on optimum fH ter depth ( ;:6 5 ,  266)  

an d it remains one of the maj or variables considered i n  the 

ki :1etics and op t imizati on of tri ckling filter design. T t  
affocts a w i d e  range of factors including; filter volume, 



l i quid c ontact t im e ,  heterotrophic/autotrophi c microbial 

balance,  pumping heads and struc tural de s i gn. 

( f ) Sludge Rem oval - Sludge produ c t i on range s from 1 5-70% o f' the 

T JD removed ( 253,  2 5 5 ,  286, 287) , with agricultural was tes 

yiel ding 50% s ludge/uni t  BOD removed ( 27 3) . Sludge p ro du c t i on 

per unit BOD removed increases a s  BOD removal increases ( 266) 

and a s  the s olub l e  B O D  frac t i on dec rease s  ( 265) . 

H opper b ot t om settl in g  tanks with up-flow rates of 2 . 4 m/h 

Cl' overflow rates o f  20-2 1  m
3/m

2
_day are sati sfac tory, 

producing settled sludge c ontaining 3-5% sol ids dep ending on 

s e t t l ing t ime ( 292) . Dewatering charact er i s t i c s  are good and 

the s ludge has a sp e c i fi c  res istance to fil �ration of 

8.pp rox imately 1 0-20 x 1 09 
s

2/g ( 262 ,  265 ) . 

S e t t l ing i s  improved with chemi cal precip i tants ( 282 , 290,  292) . 

'The p erformance of se dimentation tanks , based on BOD and 

zu spended s o lids ( SS ) removal , may be e s t imated from emp i rical 

(·quations ( 284, 293) . 

2 : 5 . 4 , 3 ) T emperature Effects -

The influ enc e o f  tempe rature is well do cumented. Velz (SO )  showed 

that tr�e l imit ing load for maximum eff� c i ency was temperature 

dep endent and related to the reac t i on rate c ons tant (K) by; 

= 

S c hu l z e  ( 249) reduced this temperature convers i on cons tant t o  1 . 035,  

but s ti l l  c on s i dered that the express i on over-exaggerated t emperature 

responses . 

The tri ckl ing fil ter doe s not fol l ow the Van l t Hoff rule ( Q
1 0  = 

2) 

charact eristic o f  many b i o l o gical sys tems . A number of reas ons 

have b e en given to exp lain this phenomena ; 

( a) I ncreas ing temperature increases the p e rc entage o f  energy 

c onsumed for main t enance redu c ing mi cro bial growth rat e s  

( 2') 1 - Hernandez I s di scuss i on ) . 



( b) � i � -ceasing temp erature increases resp i ration rate and d'�creases 
ox�' :;en solu :::Jili ty, cre9.ting an oxygen deficit.  Measure::nents 
r�" ealed a 0. 32% increase in BOD removal p er °c t emperature 
[O oi ;o;e ( 2 52) . 

( c ) De ereasing temperature produces a large decrease in macrofauna 
activity, resulting in a 1 . 5 to 2 . 0 fold increase in 
biol ogical film thickness. The greater microbial mass has an 
increased maintenance requirement off-setting the temperature 
ef gc ts ( 284) . 

( d) Increasing gOD and hydraulic  loat decreases temperature 
effects ( 243) . 

Other authors ( 269 ,  283, 285, 28rr) suge:;e sted that 7-1 00C is  a 
critical t emperatolI'e for both macro anc. microfloral activity as the 
change in the stT'.lC ture of  water a1 ten; enzyme ac tivity and thus  
reduces oxi dation . 

Sol be et al .  ( 284) compared the Arrhenius ,  H owland and Wuhrmaml 
equations for temperature correction of the reaction rate cons tants .  
Of the three ,  i t  was felt that H ow l and ' s  equation, although th8 
s implest , gave the greatest scatter.  

The decrease in sedimentation with temperature ( 284, 290)  aff lcts  
the total treatment of  the trickling fil ter. Fortunately  the 
decrease in humus p r odu c t ion dur ing l ow temperatures off-se ts o ;h i s  
l imitation. 

2 : 5 . 4 , 4) Kinetics ana Optimization -
Trickling fil ter design has centereLi on BOD removal.  The p ro blems 
faced in developing comprehensive kinetic equations for plant 
opt imiz£iti on incl"Jde :  

( a ) T h e  type of  waste - The degree and rate of decomposi  t:i lln will 
affec t  the percentage BOD removals , thus jonfluencing ma>o.imum 
p ermissibl e  l oad ings t o  obtaj n desired effluent s tandards. 

( b ) The stage of  treatment - In gene roa l , the d ifficulty of 
removing BO D increases  as tnt' amount of  BOD remaining 
decreas e s .  



( c ) Temperature effects.  

( d ) Med ia type and packing - these variables alter filter hydraulics 

1'01 ' the same total flow. 

( e ) Biol ogical variations such as changes in microbial film 

comp osition, film thickness and reaction rates . 

These variations have led t o  the development of  kinetic equations 

from a number of standp oints ,  namely; empirical considerations ( 246, 

253, 256 , 293) , first order reactions ( 80 ,  249 ,  252,  291 , 293) , 

linear regression analysis ( 2 5 1 , 258,  275) , mass transfer theory 

( 25 9-26 1 ,  270,  272 , 274, 280) and Monodian kinetics ( 267, 269, 276) . 

Although each worker comp ared his own equations with field data ,  and 

most attempted to  correlate their findings with other researchers , 

some ( 257 ,  293) tried to evaluate the different equations under 

equivalent conditions . 

Baker and Graves ( 257) compared designs on a " volume required" basis 

and suggested that the NRC ( 246) and Eckenfelder (252) equations 

were similar, but the Galler and Gotaas ( 25 1 , 258) equations 

sp ecified a slightly l ower volume. 

Brown et al . ( 293) , comparing the NRC , Eckenfelder,  and Galler and 

Gotaas equations made the following comments : 

( a) Varying BOD load showed the NRC to be the F oorest.  

( b ) Varying teQperature left all the models with a wide scatter. 

None accounted for the lag between temperature change and 

effect on �eruoval . 

( c ) Flow was not a part o f  the NRC equation ,  but the o ther two 

showed a decrease in treatment with increased flow. 

( d) All three equations showed an increase in treatment with 

increasing recycle up to 5/1 . The NRC equation showed the 

smallest effect with recycle. 

I n  summary, Brow� et al. ( 293) suggested that modelS give long term 

averages for pla� t  treatment but do not adequately handle short 
term fluctuations . 
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2 :  5 . 4, 5 )  Nutrient Re:·noval -

Sorrels and Zelle:(' ( 250) made the following observat ions on nitrogen: 

( a) Within limi ts , the amount of nitrogen lost increased as the 

amount of BJD removed increased. 

( b) The lost ni trogen was thought to be removed as N2 gas ( localised 

anaerobiosis ) , or as crganic N in the settl ed sludge. 

( c ) N itrification decreased with increasing BOD and increased as 

�itrogen loss decreased.  

( d) N itrification was more predominant in secondary fil ters . 

Nitrification occurs in the l ower portion of the filter where there 

is less competition for available oxygen ( 79 ,  254) . Nitrate 

conversion of 70-90% N can occur at  l oadings of 0 . 2-0 . 4 kg BOD/m3-day 

( 264,  285 ) , flows of 1 5-30 m3/m2_day ( 283)  and temperatures a bove 70C 

( 279 , 283,  287) . The kinetics of nitrification are given by 

BalakrisLilan and Eckenfelder ( 264) . 

Subsequent denitrification, using 3. 5 mg methanol/mg nitrate ,  

achieved 9 5% nitrate removal with an overall N removal o f  85%, 

leaving 1 -3 ppm N in the efiluent ( 279) • 

.re bens and Boyle ( 278) , stuf..ying P rem·)val , achieved levels of  

1 5-45% t otal removed ,  which was in  line with their reviewed 

literature.  This was in excess of that estimated for microbial 

growth. Flow, di lution and recirculation had little effect on P 

r.emoval , 

2 :  5 .  4 ,  6)  Trickling F'il ters in 1i vestock Waste Treatment -

Despite  widespread use in domestic and industrial waste treatment ,  

the application e f  trickling fil ters t o  livestock was te treatment 

has been l imited ( 81 ,  1 1 9 , 247 ,  263 , 281 , 289, 2 96-2 98) . 

Correlation of published results is difficult due t o  the variation 

in e ffluent comp c sition, fil ter  media and operating conditions . 

Within these limi tations , available data is su�narized in Table 2 : 6 .  

Effluent BOD seld,om falls below 1 00-300 mg/l ( 81 , 247,  281 ) with 

some authors ( 289) quoting values in excess of 3 , 000 mg/l, 

Treatment was regarded as satisfac tory as the total l oad on a 

l'ecei ving wa ter Kould be small ( 29G ) . The simplicity of  operation 



TABLE 2;6 

Waste Filter Hydraulic load 

media m3jm2_day 

Cattle Stone 0. 07-0. 1 3  ( 1 )  

Cattle Stone 0. 05-0. 26 ( 1 )  

Dairy Stone 1 8. 71 

Pig Plastic 
57. 06-57. 89 

or wood 

Pig Plastic 72 . 76-81 . 86 

Pig Plastic 44. 5 

Pig Brushwood -

Cattle Brushwood 6. 55 

Pig Brushwood 20 

Dairy Stone 1 9  • . 2 

SUMMARY DATA - LIVESTOCK WASTE TREATMENT USING A TRICKLING FILTER 

BOD load COD load BOD IN COD IN BOD REM. COD REM. 
kgjm3_day kgjm3_day mgjl mgjl % % 

0.03-0. 1 8  p . 02-0. 1 2  ( 2) 200-770 1 20-490 90-74 82-32 (2 )  

0. 02-0. 1 0  0 . 0 1 -0.04 ( 2) 1 70-300 98-1 1 7  94-9 1 69-'57 (2) 

0. 1 1 -0. 32 - 1 5 1 1 - 95-5 1 -

- 0. 1 -1 . 5  - 1 4, 900 ( 3) - 93 

1 . 32-3. 87 - 430-505 - 4 1 -38 -

9. 8 23. 7 35 , 000 ( 3) 81 , 000 (3 )  71  83 

1 . 00-1 . 67 - 281 - 85-89 -

0. 846 - 1 3, 984 - 90-45 -

1 .  66 - 1 2, 000 - 85 -

0. 2 0 . 7  670 2350 70 68 

Notes; ( 1 )  A2s�me 1 . 83m deep 

( 2 )  Permanganate values corrected for nitrite 

(3 )  Diluted with recycle 

Temp . 

°c 

-

-

1 8. 3-7. 2 

-

-

1 7. 3-5 . 7  

-

-
-

1 5 . 7  

Remarks 

Field plant 

Lab plant 

Significant temp. effect 

TS removal = 30-50% 

TS removal = 99% after 

settling 

TS removal = 1 4-17% 

SS removal = 98% on settling 

No significant temp. effect 

Some brushWOOd compact ion 

problems 

Two day residence 

Ref. 

(247) 

(81 ) 

( 296) 

( 281 ) 

( 297) 

( 298) 

( 289) 

( 82) 

0' 
\ 



and mini�um maintenance costs  have been reported ( 281 , 297 , 298) . 

2 : 5 . 5 )  Rotating Biological Discs  

Rotating biological discs ( RBD) consist of  a series of  closely 

spaced discs running on a single shaft. The unit is placed above a 

trough so  that approximately one third of  the disc bearing the 

biological media is submerged in the e ffluent as it slowly rotates.  

The se discrete treatment units can be expanded in size or number to  

cope with a given loading ( 83-85 ) . 

Treatment principles are closely related to trickling filters , and 

RBD ' s are being used for domestic effluent treatment at loadings of 

approximately 0 . 02 kg BOD/m2-day ( 84 ,  85, 222-226 ) . Their 

application in agriculture i s  limited ( 83,  227, 228, 31 5 ) . Miner 

and Verley ( 228) are the only reported workers to have used dairy 

wastes in a combined rotary solids/liquid separator with a biological 

treatment system. Approximately 90% BOD and 60% TS removal was 

reported. 

2 : 5 . 6) Oxidation Ditches 

The use of  a continuous oval channel , c ontaining a rotor to pump and 

aerate the effluent , was initially developed by Basveer, using 

municipal wastes ( 207) . I t  has since been applied to agricultural 

effluents (88, 1 1 9 , 1 99 ,  31 8) .  

The unj.ts are sui table for below floor treatment and have been widely 

used in p iggeries ( 72 .  75,  1 99 ,  208) and to some extent with house<i 

cattle ( 76 ,  77 , 209 , 3 1 9 ,  320 ) . Their application to dairy waste 

treatment is  limited ( 1 32 ) . 

2 : 5 . 6 , 1 )  Design of Oxidation Ditches -

Data for the design of oxidation ditches has been documented ( 38, 43, 

60 , 1 1 9) .  Loadings range from 0. 1 5-2 . 50  kg BOD/m3-day with an 

average of  0 . 5 kg BOD/m3-day. The oxygenation capacity of the rotor 

should be twice the input BOD and pumping rates should be sufficient 

to maintain a l iquid velocity of 0 . 3-0. 5 m/so Rotor spacing should 

not be greater than 90m. Their performance i s  affected by operating 

conditions ( 60 ,  2 1 9 , 220) , but 37 l<:g oxygen/m or 0 . 86 kg oxygen/kW-h 

may be expected. 
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MLVSS Bre maintained at 1 -3% givint,: a low F/N ratio of 0 . 0 1 : 1  or less.  

This is  at variance with municipal treatment plants which maintain a 

MLVSS c·f approximately 0 . 4%. 

2 : 5 . 6 , 2 ) Operation of Oxidation Ditches -

Oxidatj on ditches may be operated as; 

( a) Aerobic storage vessels with intermittent  discharge to the land 

( b) Treatment units with solids separation and recycle resulting in 

in a dischargeable  liquor 

( c ) Closed processes with the liquid removed by evaporation and the 

�olids extracted mechanically ( 22 1 ) .  

The maj or problem is  the development of anaerobic conditions causing 

odours and foaming. start up , shock loadings, rotor failure a�d 

settlec:. s olids may result  in anaerobiosis . 

The maintenance of rotor bearings and the monitoring of MLVSS are the 

only r�qu irements for regular attendance . 

:301 ids reduction of  34% after 1 43 days treatment , and a sup ernatant 

BOD of  less than 200 mg/l , have been reported with beef  cattle  

wastes ( 1 1 9) . 

2 :  5 . 7) Con;post ing 

Compost ing is a thermophilic  aerobic  process .  The requirements for, 

;;.nd re� ul t ::l  of,  the  treatment in a�ri (;ul tural app l icat i ons have been 
widely reported ( 43,  86-90 , 1 99 ,  2 1 7 , 229-233) , 

A C/N ratio of  30 : 1 ,  a moisture content o f  40-70%, and the addition 

of  P ar�d K at rates of 9 and 4 kg/tonne respectively, should produce 

stable compost in 20-30 days provided aerobic c onditions and a 60-700C 

tempers ture are maintained ( 86-88) . 

Aerobic c onditions, moisture l oss and temperature control can be 

obtained by mixing every 2-7 days ( 87) or by forced aeration at 
0 . 06-0 . 20 m3/minute-tonne at S . T . P .  ( 89) . High rate mechanized 

compost ing, using forced air and mixing, in l ong ditches has 

produced satisfac tory compost in 1 0-1 5 days ( 90 ,  229) . 



L o s s  iri VS of approximately 50-60% ( 2 30) and volume r e du c t i on o f  up 

t o  45% ( 87) can b e  exp e c t e d .  COD ::;ay be d e c reased by 30-50% ( 89 ,  

2 30) . C ons erva t i on of N is i mp ortant in ma intaining the fe rt i l iz e r  

value o f  the comp o s t .  Wil son and Hummel ( 230) showed that the se 

l o ss e s  we r e  increased under anaerobic c onditions and in the abs ence 

o f  other nu trients such as P.  Although N l o s s es o f  20-30% were 

measured ( 2 30) , n i t rate l evel s  r o s e  s i gn i ficantly up t o  about 1 , 000 

ppm ( 89 ) . 

L i qu i d  c o mp o s t ing with s lurri e s  of 1 0-1 5% TS has b e en a t t emp te d  

( 2 3 1 , 2 32 ) . I t  i s  gene rally r e gard e d  as a high ene r gy sys t em 

b e c au s e  t emperature , oxygen and mixing requirements a r e  p ower 

demanding. As su ch, i t  i s  no t e c o nomi c  ( 23 1 ) . 

2 : 5 . 8) O d our C ontrol 

Borth e t  al . ( 242 , 243) and I feadi et a l .  ( 244) have s tudied the 

od orou s  s omp onent s of dairy manure . O dour i s  generally contro l l e d  

w i th aera t i on ,  though chemical oxidation may b e  u s ed ( 245) . 

2 : 6 )  PHYSI CAL AND CH�1ICA1 TREATMENT 

2 :  6 . 1 )  Soli , l!Liguid Separa t i on 

Solid/liquid  separat ion in the earl y s tage s o f  traatment i s  

advantagp. ous i n  that i t ;  

(a) Redu ces wear and blocking p r o b l ems in hydraulic equipment 

( b) Eff0c tively s tr0ams the wa s t u  a l l owing epe c ia l i z e d  han d l ing o f  

th e sep arate frac t i ons . 

2 : 6 . 1 , 1 )  Se d imen tat ion -

Al though t he prin c iples o f  se dime n tat i on are bas ed on Stokes ' and 

Newton ' s  s e t t l ing laws , var i a t i ons in part icle s iz e ,  shap e and 

interf erence re su l t  in s e tt l i n g  charac t e r i s t i c s  b e ing p r imarily 

influ en c e d  by s o l ids c oncentra t i o n  ( 2 1 7) . 

S e t t l ing cu rve s f o r  dairy wa s t e  at vari ous TS levels have been 

presen t e J.  ( 94 ,  9 5 ,  236 , 237) . After 1 0  m inu t e s  qui e s c ent s e t t l ing, 

with 1% TS slurry, 60-65% T S  and COD removal can be expec ted w i th a 
max imum o f  70-75% a ft er 1 7 h ou rs . Dec reasing T S  l evels will r e du c e  

this p erforman c e .  
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2 : 6 . 1 , 2) Solid/Liquid Sep arators -

Three p rinc iples o f  mechanical sep arat ion have been tried extens ively. 

These are screening ( ro tary, vibrat ory and brushed) , c entrifugation ,  

and fil tration. A significant volume o f  l iterature i s  available on 

the se sys tems ( 96 ,  1 06 ,  1 28, 1 3 1 ,  1 49 ,  228, 2 38-241 ) and has been 

briefly summarized by the Bri tish Agricu l tural Research C ouncil 

( 1 90 )  • 

The s olids produ c ed by the sep arat ors ranged from 8-26% TS and were 
I 

produced at  appro ximately 1 , 200-1 1 0  kg/ hour respectively. Solids 

levels greater than 1 0%  were generally " s tackable" though still had 

some drainage l iquid. 

2 : 6 . 2 )  C4ernical Trea tment 

Chemical methods for sewage t reatment have be en used ( 32 1 ) .  

Ludington ( 97) , using agri cul tural waste s ,  out l ined the p ossibil ities  

of  inc ineration and we t air oxidation. Neither of these sys tems are 

ec onomically viable and have received little consideration. 

2: 7) vlASTE RECYCLE 

The reuse of e ffluent may improve the economi c s  o f  the treatment 

system and reduce the t o tal volume of waste d i scharged. 

The appli cat ion of c omp ost or slu rries to the l and maintains the 

nu trient cycl e ,  while the collection and u se of me thane may redu c e  

the demand for other exp ensive forms o f  energy. 

Hydraulic recycle of the trea te d supernatant has been invest igated 

( 66 ,  7 1 , 1 25 ,  1 49) . Small increas es in BOD and T S  have been 

measured bu t no change s in C o l i form and Strep to c o � c i  levels  are 

rep orted. The treated e ffluent would be of suffici ent qual i ty t o  

c l ean yards , while the accumulation of N ,  P and K during recyc l e  

would improve fertil i z er valu e for final discharge to  land. 

L imited work has been done on recycl inG waste as a feed supplement 

( 99-1 0 1 ) .  Most work is related t o  anil!lal s on high c oncen trate feeds . 

Manure, after washing, was fed a t  40% of total feed. Live we i gh t  

gains v�ere slightly l e s s  than those on al l c oncentrated feed and the 

c arcass c omposition was slightly p oorer. The waste-fed animals 
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showed arc improved feed conversion efficiency with few health 

problems . \'las telage ( effluent plus dried grass at a ratio of 57:  43 

and stored) reduced the infe<::tion p roblem but required  s ome 

supplements , mainJ_y vit amins . 

This work was bas8d only on fattening and live weight gain in cattle . 

Althou gh the digestive process is simil ar , an investigation of waste 

recycle as a feed supplement to milking cows would be  useful. 

The harvesting of microorganisms produced in treatment plants can 

provide a protein rich supplement for C:.airy cattle , but methionine 

deficiencies have been reported when the microorganisms constitu ted 

20% of the ration ( 240 ) . 

Other studies ( 1 02)  attempt6d chemical treatment of the waste t o  

improve its  u tilization.  I r.  general , ':he addition of NaafI and N a202 
gave approximately a 50% increase in digestibility of  cell wall 

fractions . The disease risks of this and other forms of recycling 

mus t  always be c onsidered. 
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Util ization of the dairy waste fibre has been suggested as subs titution 

for wood in the pulp and paf er industry or as firewood for domestic 

heat ing ( 241 ) . C onsideration has been given to  its use as an 
insulator. However , the accumulation of  sufficient fibre to 

maintain an industry would be difficult • 
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CHAPTER 3 

PROJECT DEVELOPMENT 



'3: 1 )  INTRO [)UCTION 

The se13ct ion cri teria for a dairy shed effluent treatment system 

were : 

( a) T he treatment plant should remove 80-90% of the applied �oad. 

( b) The treatme:'1t plant mu st be within the ec onomic framework of 

the dairy u:1.i t. 

( c ) The operati onal skil ls mus t  not be beyond the ability of farm 

staff. 

The high fibre content o f  effluent from pasture fed dairy cattle 

sugge s t e d  that anaerobic trea tment would b e  advantageous for partial 

dec omp o s i t ion of the waste . However, the fas ter �eac t i on rates o f  

the ael:obi c microflora favoured the inclu s ion of an aerated sys t em. 

Al ternative physical and chemi cal treatment sys te�s c ons idered failed 

to  meet the selec t i on cri teria from an economie and op erational 

s tandp c· int . 

I t  was therefore decided to  invest igate a combined anaerobic/aerobic 

biological treatment sys tem. 

3: 2 )  BI OL OGI CAL TREATMENT 

Wide variations in anaerobic l agoon loading ra tes , showing no 

corresp onding trends in treatm ent effi c iency ( Chapter 2 : 5 ) , suggested 

that i l lve s tigations into high lago on loading rate s  may be benefi cial . 

P ohlanct and Ghosh ( 1 60) discu s s ed the advantage s o f  dividing the 

anaerobic p rocess into acid fermentation and methane generation. 

They su gge sted tha t thi s procedure would enable op timization o f  each 

proc es G ,  resul ting in higher l oading rates and improved treatment 

effici.:!ncies.  

The ec onomics of me thane p rodu c tion, bas e d  on 1 97 2  data,  excluded it 

as a s'.1itable sys t em. Howeve r ,  the use of the acid fermentati on 

phase s o  c onvert the c omplex organics to s impler soluble compounds 

was de sirable. I f  coup led to an aerobic treatment p l ant all owing the 

rap id ox i dat ion o f  the solubl e organic s ,  the total process reac tion 

would be : 
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C omp l ex 

Organ i c s  [Anaerobic AC i� 
Fermentat i o n  J 

S o lubl e 

Organi c s  
> 

[Aera t i o� 

This c oup l ing of anaero b i c  �c id fermen�at i on and aera t i on has b e en 

r ep orted s ince the c omme n c ement of this p ro j e c t  ( 3 1 4) .  

T emp erature control and m i x i ng were not cons i de r e d  due t o  t h e i r  

e f fe c t  on the p lant ' s  e c onomic and op e:�a t i o nal v i abil i ty. Al though 

thi s la.ck of environmental c on trol would reduce the dige s t e r ' s  

e ff i c i ency, the la ck of mix ing would allow s o l i d  s edimenta t i on ,  

inc reasing i t s  res idenc e t ime ab ove the mean hydrau l i c  r e s idence 

t ime . This should improve s o l i d s  de c omp o s i t ion. 

Aero b i c  reac t i ons wi th s o luble subs trates were exp ec t ed t o  be rap i d .  

Aera t i on in ox idation p o n d s  was n o t  c ons i dered a s  the large areas 

r equ ired had a high opp o r tunity c o s t .  C o s t s  a l s o  exclu de d  the u s e  

o f  ox i da t i on d i t ches and ac t ivated slu dge p lant s , l eaving t r i ckl ing 

fil t ers or cas cade aera t o r s  as f eas i b l e  a l t ernat ive s .  Ease o f  s o l i ds 

c ontrol favoured the casc ade aerator,  however, c ons i derat ion o f  the 

surfa c e  area to volume rat i o  out-we i gh e d  this advantage and it was 

d e c i d e d  to use a trickl ing i il ter whi c h  should c omply w i th the 

s e l e c t i on c ri t eria. 

3: 3) IMPLEMENTATI ON OF C ON C EP T S  

T h e  l a ck of work i n  l ive s t o c k  waste treatment sys t ems i n  N . Z .  

requ i r e d  initial inve st i ga t i ons into the su i tab i l i ty o f  mechanical 

equipmen t , e . g. , pumps , va1 7es and fl ow contro l ,  and the op erati onal 

p r ob lems of dairy shed wa s t8 t reatment .  I n  order t o  car ry out these 

inve s t iga t i ons and deve l op a p ra c t i c al anaerObic/aerobic treatment 

p l an t , the method of app r o a ch was t u :  

( a ) Fa bricate small s c a l e  plants for short t erm exp eriments to 

d e t e rmine the feas i b i l i ty o f  the sys t em and the su i t ab i l i ty of 

equ ipmen t . 

( b ) De s i gn  lab ora t ory p lants wh ich w oul d allow l onger term s tu d i e s  

o n  t reatment e ffe c t s . 

( c ) C ons truct a fiel d p l an t ,  w i th s imilar loading rate s ,  t o  

inve st igate scal e e f f e c t s  and e s t imat e  operat i onal probl ems 
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of a ful l  size plant. 

The deve l opment and conclusiuns o f  the se s tage s are outlined in the 

foll owir .. g chap ters . 
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CHAPTER 4 

PLANT DEVEL OPMENT - INITI AL STUDJ E;l 



4: '; ) SEIECT1 ' )N Ol" EFFLUENT SOURCE 

The :'�um bcr One Dairy Production lTnit at Mas sey University was 

selecte� as it is a town supply farm and provides a continu ou J  source 

of efflu ",,�t .  The unit is typ ical of  those seen in the industry, 

exc ep t  :,'or the use of grea ter volunles of wa shing Hater at thE: cow 

shed .  

The farm consists of 9 8  ha of predominantly rye/cl over pas ture,  with 

some cropping for suppl ement feeding. It supp ort s a 200-cow Fresian 

herd plus  repl acements . The peak milb.ng numb er ·) f app roxim� tely 

1 50 cOv!s  occurs from November to J anuary. The animal s are pasture 

grazed, wi th pasture and maize silage supp lement as required. 

4 :  2)  SINGI E TANK TREATJl1ENT 

4 : 2 . 1 )  In troduction 

To achi e're minimum cost and simple op e:.nation, i t  was decided to use 

a s ingle deep st orage tank with a tri ckl ing filter mounted above it  

( Fi gure App .  1 1 1 : 1 ) .  The proposal was to  allow the  bottom 0 :  the 

tank to be come anaerobic while the top woul d be aerated by recycl ing 

over the filter. It  was visual ized that this would remove odours 

from anaerobic decomposi tion and p rovide a final dis charge wi th 

1 -2 mg/l DO . 

Raw wa ste would be loaded to the bottom of the �ank, allowing 

anaerobic treatment and solids set tlement . Successive loadings 

would displace the liquor upwards allO'", ing its aera t i on pri or to 

final dis charge through the overfl ow. 

4 :  2 . 2 )  In:. tial Pi lot  P lant 

4 : 2 . 2 , 1 )  ]esign and Construction -

A tric::{ling filter and holding tank were used t o  inves tigate  the 

sui tabili ty of this prop osal . The unit cons isted, of  a 1 95 litre 

d rum with a 2 . 4 x 0 . 3m d iameter tri ckl ing filter ,  containing 60mm 

s tone media,  mounted above it (Plate s 4 : 1 and 4 : 2 ,  Appendix 11 , 31 1 ) .  

The daily raw effluent input provi ded a loading rate of 1 . 4 1 kg COD/ 

m3_day and an 8 day mean hydraulic residenc e time. The influent pump 



----------
-----. 
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---

PLATE 4 : 1 Single 1 9 5 litre tank and tri ckl ing fil ter unit. 

PLATE 4 : 2  Loading and re cyc le pump for the s ingle tank uni t. 
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was u s ed t o  recyc l e  tLe efflu ent over the trickl ing f i l t e r ,  prcviding 
a hydrau l i c  loading of 1:3. 5 5  fil 3/rn2_day. This l oading could only be 
rnaintain2d at a 2E.j1 recyc l e  rate due to the l ow l oading volUIll6 s .  

4: 2 . 2 , 2) P lant Op era t i on -

P urnp s that c ould c:. c c ornmodate solids whi l e  rnaintaining low,  accurate 
fl ows are di ffi cul t  t o  ob tain. A series o f  c en t r i fugal and p o e i t ive 
d i sp l a c ernent purnp e were t e s te d .  Srnall purnps t ended to b l o ck ,  while 
the thro t t l ing of larger purnp s ,  wi th gat e  and d iaphragrn val ve s ,  a l s o  
cau s e d  s o l ids to &.c cu IllU la t e ,  thereby reduc ing f l ow rate s .  The onl y 
sui tabl e purnps were hel i cal r o tor (M ono) and rubber irnp el l er ( Jab s c o) 

uni t s .  Varia b l e  sp e ed drive for flow c ontrol was obtained with a 
0 . 1 8 kW DC rnotor, contr o ll ed t o  gi ve rnotor sp e e ds o f  100 t o  1 , 500 rprn . 
T h e  c on tr o l l er had. feed-back c ircu i t ry t o  c ornp ensat e for vari a t i ons 
in rn o t o r  l o ad. 

Op erat i onal problern s  inc luded air entraprnent dur ing l oading and the 
ac cumulat i on o f  s o l i d s  in the holding tank . The pre senc e o f  a 
floa ting fi brous rrat rnade i t  di ffi cul t t o  rnaint ain stable flow ra t e s  
t o  the f i l t e r  ( Ap:r; endix n ) . Of greatest conc e rn was the lack of a 
d e fini te rnicrobial film on the fil ter rnedia. T he absence o f  t�lis 
film wa s thought to be the r e sul t o f  a l arge p opulat i on of graz ing 
o rganislfis . 

An average o f  68. 7% COD relllO'Tal was achi eved over the 2 rnonths o f  
op era t i on ( Appendix I I ) . T h � c wa s bel ow the s e l e c t i on cri t e r i a 
( C hap t e r  3) . 

4: 2 . 3) A Glass Column Fil t e r  

A l aborat ory treatment p l ant wa s c ons tru c t e d  ( Appendix 1 1 )  t o  
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determinE' whe ther dairy s h e d  w a s t e  c ould supp ort an a c t ive biol o gi cal 
film in the tri ckl ing fi l t e r  i f  the graz ing p opulat ions were cont roll e d . 
The recyc l e  rate ove r the fi l t er ( 26/1 ) was sa t i s fac torily ma inta ined 
by a Hughes variabl e-st roke p i s t on purnp . 

The p l ant wa s onl y  op erat e d  for {� we eks , as a bu i l d  up o f  film on 
the filter was rec orded a f t e r  one week ' s  op erat i on .  



4: 2 . 4) Conclusions from the Single Tank Treatment P l ants 

The following conclusions were drawn from the s ingle tank studies :  

( a) ralry shed e ffluent is  amenable t o  biological treatment and no 

microbial seeding is required to initiate the process.  
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( b ) P ositive displacement pump s ,  with flooded sllctions and variable 

speed drives , are the most suitable for l oading and flow 

control. 

( c ) Solids ac cumulation is the maj or op erating problem and the 

fl oating fibrous mat made the impl ementation of the singl e  

tank systelli impractical . 

( d) The treatment efficiency was not satisfact ory. 

4 : 3 )  TWIN TANK TREATMENT 

4: 3 . 1 )  In�roduc tion 

The so::.ids accumulation problem experienced in the earlier p lants 

was best  solved by separating the anaerobic and aerobic phases.  

This p ��ocedure had the addit ional advantages of minimizing l oading 

fluctuf�tions to  the aerobic phase ,  as a result o f  the buffering 

capaci�y of the anaerobic tank , and all owing independent analys i s  of  

both the anaerobic  and aerobic systems . 

4 : 3 . 2) Design and C onstruction 

The reported 3 day residence times for a c id fermentation ( 1 60)  were 

consid\�red to be op timistic . However,  anaerobic res idence times of 

3, 5 a:'1d 7 days were selected to  determine their effect on treatment . 

In an e ffort to minimize plant size , longer resi d ence times were not 

considered. As suming twice daily loadings of  4 l itre , the anaerobic 

tank d imensions were 0. 05 x 0 . 32 x 0 . 40m ( 1  x b x h, Figure 4: 1 ) .  

The ta�k was cons tructed from galvanised sheet metal with a perspex 

front to allow visual inspec tion o f  the accumulating solids. 

Discharge tappings had a ' T '  structure ( Figure 4 : 1 )  and were placed 

to  give the requi red volumes in the tank. The ' T '  s tructure reduced 

the amount of fl oat ing solids being discharged from the anaerobic  

tank, 1 .  e . , the tal(e off point was 0 . 04m below tt.e surface , while 

breaking the syphon to  ma intain the de s i red liquid l evel .  

Aerobic residenc e  times o f  1 ,  2 and 3 days were selected.  The 

selection was based O I l  economic and effluent treE;tment considerations 
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in association wEh reported Ja ta ( 64 ,  65 , 68, 69) . Tank 

constr�c � lon was s imilar to the anaerobic tank with d imensions o f  

0 . 35 x 0 . 25  x 0 . 30m ( 1  x b x h) . The ' T ' outlet  structures were 

modified so  that the take off point was only 0 . 02m below the l iquid 

surface ( Figure 4 : 1 ) .  

A 1 . 8  x O .  1 4m diameter perspex tuc-� was used t o  house  the trickling 

filter.  The uni t  was on a 32mm angle i ron frame above the aerobic  

tank ( FigurE: App . II : 3  and P late 4 : 3) . A medium of 1 9mm stones was 

selected for economic reasons . I t  was also readily available .  The 

f ilte r  was covered with aluminium foil to prevent algal growt l .  A 

Hughes variable-stroke p i ston pump maiY!tained the recycle fl o '1  over 

the filter.  

5 1  

An adjustable collectir�g tray was mounted on the aerobic tank 

d irectly bel ow the trickling fil ter ( Figure 4 : 2 ) . This simp l ified 

the measu rement o f  the recycle  fl Ov[ rate and the sampling of :?ffluent 

coming o ff the fil ter. 

4 :  3 .  3)  Operati on of the Twin Tank Plant 

The plant was operated from May to September 1 974,  with a 5 day 

anaerobic  tank residence ti�e and a 2 day aeration p eriod. Loading 

rates  were 1 . 23 kg COD/m3-day to the anaerobic tank and 0 . 68 kg COD/ 
3 3 r 

m -day to the trickling filter ,  with a recycle flow of 1 9. 2  m /m�-

day ( 37/ 1 recycle rate ) . Other l oading variables are presentej in 

Appendix 1 I .  

The effluent was gravity feci from the anaerobic  to  the aerobic tank 

wi th l i ttle difficulty. ThE"- 6 . 5mm tubing used for c onnecting the 

two tanks , and fcr the tric1<:l ing filter recycle l ine , blocked twice 

as a result  of sol ids accumL�lation and microbial growth. This was 

not considered t c  be a signj_ ficant problem. 

I t  was d ifficult t o  determine when equil ibrium had b een achieved. 

Solids d ispersal and gassing was not evident in the anaerobic tank 

until 8 weeks hac. elapseJ.  A t 'ter this t ime the gas sing continued at  

a sl ow rate .  A biological film  was evident on the t rickling fil ter 

medium after 5 do,Ys of operation .  V i sual o bservation suggested that 

the film thickness s ta t) il ized  after approximately 3 weeks . This is 



PLATE 4 : 3 Twin tank anaerob i c/a er o b i c  trea tment w i th the p ersp ex 

trickl ing fil ter mounted above the aero b i c  tank . 

5 2  
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in agreem8nt wi th rep o rted values ( 81 ) . 

T h e  m i c rob i al a c t ivity form e d  l ong filamentous s trands from the 

b o t t om o f  the f i l ter. Their app earan c e  after 7 we e ks of growth i s  
s hown i n  P l ates 4 :4 and 4 :5 .  The p ot en t ial for fil t er b l ockages 
from this growth was of s ome c onc ern. H oweve r ,  the s l ime was 
rem ove d  2 months after s tar t-up and did not reapp e ar . No fil t er 
bl o ckages were exp e rienced ove r the exp erimental p e riod. 

Maggo t s  from the bot fly app eared in the anaerobic tank after 7 weeks 
o f  load Lng. Their presenc e was short l ived as the d evelopment o f  a 
fibrou s  c rust over the su rfa c e  of the t ank prevented their emergence 
for pup ati on. A small p opulat i on of fl i e s  (P s ycho da and Sylv i c o la 
(312)  ) d eveloped at the s ame t ime. The se l ived in the t r ic kl ing 
fil ter and in the anae r o b i c  su rfa c e  c rus t .  The�r c au s ed n o  problems 
in the lab orat ory. 

Odour from the treatment p l ant wa s negl i gible ex cep t when c l eaning 
out th(' anaerob i c  s o l ids . Resu l t s  from the s o l ids c l eaning a nd 

p lant I:lon i t oring are presented in App endix II . 

Ove ra l :� t r eatment e ffi c i encies for thi s twin tank s ys tem avera ge d  
87% C O ;) removal and 92% T S  remova l .  The a c cumulated s ol i d s  were 
c l eaned from the anaerob i c  tank on two o c cas ions and cal culati ons 
showed that app roximately 5CJfo of the input s o l ide ( T S) ac cumulated 
( App end ix n) . 

4 : 3. 4)  C o�clu s ions from Twin Tank T reatment Sys t em 
The fo .l. 2  uw ing c onclu s i ons were drawn from the twin tank s tudie s :  

( a ) 3(�pa rate tanks for anaer ob i c  and aerobic treatm ent gr eatly 
si '\p l i fied p lant op erat ion. 1 i  t t le maint enance wa s required. 

( b ) ·r re a tment e fficienc i e s  were within the requ i r e d  gu. i d e l in e s  
( C hap t er 3) . 

( c ) .� o l i d s  l oading and ac cumulat ion rate c ou l ,l be the p r imary 
. .  , . ;  t e r "i  a in s i z:; ing anae r o b i c  hol ding p OJ1(h . 

( <1 )  d i t h  the :J day anaer o b i c  re s i den c e  t ime a 40 day anaer o bi c  
s _· � i ri s  c l e aning frequ ency was cal cu lat8d ( App endix I I ) . This 
W U �3  c onsidered t o  be the llia:x l lliun a c c ep table frequency_ Thus 
L !. ,c j day anaero b i c  res i denc e t im e  w a s  n n t feas ible . 
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PLATE 4 : 4 Filamentous growth from the b o t t om o f  the trickl ing f i l t er . 

PLATE 4 : 5 C l os e-up of the f i l am ent ous growth . 



( e ) Re ul ts from the 2 day ae rob � ,; res i d ence tim e  sugge s t e d  that 
th��re wou l d  be no d i ffi cu l  t i e s  w �_th the 1 and 3 day aeru.t i on 

p eri o d s .  
( f) I t  w a s  decided t o  t e � inate t h i s  exp e riment and c on s t ru c t  

l a b o ra t ory and f i e l d  s c ale t reatmen t  p lants , with inc reased 
anae r obic res idence t ime s ,  to al l ow a c omp l e t e  analys i s  of the 
t rea tment sys tem .  
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CHAP TER 5 

PLANT DEVELOPrlIENT - FINAL DESI GN 



::l : 1 )  LABORATQRY PLANT CONSTRUCTI ON 
The selec ;ed anaer0bic residence times were 5 ,  7 . 5 and 1 0  dayq . The 

lower val ' e  was control led by the solid accumulation rate whil '3 the 

upper 1 ip-' i, t was set to keep the plant size to  a minimum. Tank 

constru ci. ;. on was the same CiS ou tlined in Chap ter 4: 3 ,  excep t  that the 

dimensioT's were increased to 0 . 5 x 0 . 32 x 0 . 56m ( 1  x b x h ) . 

The design o f  the aerobic stage was unalt ered. The aerobic residence 

times were 1 ,  2 and 3 days , with recycle ratios over the trickl ing 

fil ter of 5/ 1 , 20/1 and 35/1 . The high recycle ratios were required 

to maintain an adequate flow over the filter ,  as the daily loading 

was only 8 litre. They corresp onded to hydraul ic loadings of 

approximately 2. 5 ,  1 0  and 1 8  m3/m2_day. 

Two identical laboratory plants were cons tructed t o  satisfy the 

requirements of the experimental design ( Chapter 7) . The final 

layout is shown in P late 5 : 1 .  

5 :  2 )  FIELD l '1ANT CONSTRUCTI ON 

The maximum anaerJbic tank capacity was governed by the availabil i ty 

of a 4 , 500 li tre tank. This s e t  the d&.ily l oading vo lume to 450 

li tre/ day, approximately 56 t imes that of the laboratory plar, ts . 

All o tt e r  design criteria were scaled to maintain s imilar operating 

condi b ons, Siting and design details of the field plant are 

presented in Appendix III  and P lates 5 :2 - 5 : 6 .  All concrete 

struct�res were part o f  the shed yard and sewerage system and p laced 

re straints on so�e of  the de sign variables .  

The l o&ding pump was a "Mono CP 25 " . I t  was used t o  transfer the 

raw effluent sample from the c ollection tank to the input metering 

tank and from the input metering tank to the anaerobic tank ( Figure 

App . I l I : 3) . Each phase was controlled by Omron probe switches. 

Collec tion of the raw effluent required two controllers  in series .  

The f i � s t  Omron controlled pumping from the collection tank t o  the 

input P1etering tank. The second Omron over-rode the first OEce the 

requir8d volume was obtained. The collec tion tark was emptied 

apprOXimately 2 . 5 times before thi s volume was ot,tained. Convers i on 

of the c ircuitry for loading the anaerobic tank ", as done manually. 
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PLATE 5 : 1 General arrangeme nt of l ab o ra t o ry p l ant . 

5 9  



---

P LATE 5 : 2 Anaerobic tank , cont r o l  b ox and me t e r i ng tanks o f  f i e l d  

p lant . 

PLAT E 5 : 3 Anae rob i c  tank and t r i ckl ing fil t e r  arrangement for f i el d 

p l ant . 
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PLATE 5 : 4 Trickl ing fil ter supp ort s tructure for the field p lant. 

PLATE 5 : 5 Rotary tipping bucket dis tributor on top o f  the field p lant 

trickl ing filter. 
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PLATE 5 : 6 Field plant trickling f il ter , aerobic tank,  

re cycl e  pump housing and mo tor cont rol . 
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Two purrr::> - were used for the trickl i ng filter recycle flow during the 

exp erimen '; . I li tially, two " 9 . 5mm Jabsco" pump s were mounted in 

paral :!.el . Due to unsatisfactory p 'rformance ( Chap ter 9) these  were 

changeu to a double ended 1 40mm diaphragm pump geared through � 50 : 1 

reducb. :Al box to achieve the desired flows . The frictional headloss 

of  the single 1 2mm I . D. supply line to the top o f  the filter was too 

great once a microbial film had developed on the internal walls .  A 

sec ond identical l ine was placed in parallel to eliminate thi s 

p roblen:. 

The fl ow was distributed over the top of the fil ter by a rota ting 

t ipp i ng bucket . Design detail s are presented i n  App endix IV. 
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EXPERIJV1ENTAL METHODS 



\ SAJVI:';;;'L . : . _. ;�C:TI ON 

I ') Ra;: ., ''=is te , -- -- - --

The s o :.  ,. ; ,� t ion of a repres entat ive samp le o f  effluent from th- : dairy 

sLee :p : 'o Joci di fficu l t .  The use of large volume s of wa ter thr' l1.�ghout 

tr..e mj_ l. '· . ng rou t ine , and changes in latour,  c omp ounde d the na-';ural 

varia t i o l . :: in effluent qual i ty ( App endix I ) . 

6 :  1 . 1 , 1 )  T- ,::. ' n&l C ollec t i on -

I ni t ia ll y .  samples Were collec t e d  manual ly at the shed during the 

evening r. leaning cyc l e .  Al though this all owed s ome vi sual in�p e c t ion 

o f  the c o llected e f fluent , it was unsat i s fac tory for the fol l owing 

reas ons : 

( a )  The p r oc edure was time c onsuming. 

( b) I t  resul t ed in select ive rather than p rop or t i onal samp l ing. 

( c ) Samp l e s  were s ome t imes m is s e d  due to varia t ion in milking t ime .  

( d) Onc e daily c o ll ection was atyp ical o f  normal operat ing 

c o ndit ions . 

This procedure was t ermi nated after 2 [)onths . 

6 : 1 . 1 , 2 ) A u t omatic C o l l ec t i on -

A s imp 1 8  au t oma t i c  samp l er was developed t o  c o l l e c t  and s tore a 

proport i :m o f  the e ffluent from the yards , initially,  to ma in cain 

lab plC!.nt;::: a::.<i finally ,  to prov i de suffic i ent effluent for be ch lab 

and fit. In plants . Prop o rti onal sampl ing was difficult t o  arl' mge 

s inc e [, fixed vo lume was required each day i n  s p i t e  o f  al tera t ions 

In yarl �  flow. This was part icularly t :rue if hos es were not turned 

o ff bei;w een mil kings . Furthermore,  the maximum sample s ize 'I'!I1S only 
470 l iJ:r:..,/day wh i ch was approximat ely 4% of the yard flow. 

The de�n6-n , cons tru c tion and ins tal lat ion of the samp l e r  is given in 

F i gu re Ayp . J I :  4, Figure App . I I I :  3 and P l ates 6: 1 and 6: 2. 

Dilute dairy she d e ffluent , washe d from the yard , pas s e d  through a 

2 5mm ..::<,.1 van ised mesh basket to remove ex traneou s  mat ter,  e. g. , pi eces 

o f  plao t ic or p ip e ,  soap , afte rbi rth and s tone s .  The p assed s lurry 

fell onto the samp l er .  C ol l e c t e r  channel s i zes were d e signed to 

t ransp( ) r t  the mater ial whi ch wa s passed by the basket. Channel 
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PL �TE 6 : 1 Effluent coll ector showing the collec t ing channel s  ( b e l ow 

basket ) and the coll e c t ing tank. The cabl e on he ou t l et 

p ipe is for pump prob e contr ol . 

PLATE 6 : 2 M ono GP 2 5  l oading pump trans ferring efflu ent from the 

collect ing tank to the input metering tank ( le f t) . 

6 6  



covers 2 "  owed adjustnlent of collec ';er area to a,"'hieve the de ::: ired 

sample v ' .mme. The remainder of the slurry was discharged 'into the 

sewer. . ;.�e sample obtained was stored, either in an adjacent 1 00 
li  tre c ,--- -'.ection tank if  only the lab plants WE;re being operated, or 

pumped + , ' a second 360 litre input metering tank if  the field plant 

was alse· )perating ( Figures App . 1 1 :  4 and App . I l l :  3) . 
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The col:;' :� tion of storm water be tween milkings was avoided by having 

an adjus .able  gap between the end of  the collecting channel discharge 

pipe and �he c ollecting tank. The flow rate of storm water collected 

in thl1 c' lannels was not sufficient to bridge the gap and be  collected 

(Figure .. :\pp . Ill :  3) . 

The operation of the collecter and associated equipment was not ideal , 

but given the nature of the effluent and the difficult operating 

conditions , their performance was satisfactory. Blocked channels  

were recorded on  6 occas ions and inadequate collecter area,  

resulting in a reduced sample s ize , was recorded on 1 0  occasions .  

Pump failures accounted for 1 6  lost  o r  incomplete sample s ,  and 

operator error, e . g. , failure t o  insert the sample  tank p lug, 

accounted for a further 4 lost samples.  This was over a period o f  

60 weeks and a total o f  81 0 samples .  

The accwnulated sample was mixed  and then sub-sampled to  obtain 1 6 

l itre of raw effluent to load the lab plants and 0 . 5 litre for 

analysis.  Any short fall in sample size only affected the loading 

to the field plant , except for 1 2  occasions when no sample was 

obtained. All collection equipment was cleaned after loading. 

6 : 1 . 2 ) Treated Effluent 

Samples were collected throughout the treatment plants at the 

locations shown in Figure 6 : 1 .  At each point 30Cl-500 ml were 

required for a complete analysis .  Larger sample sizes may have 

improved accuracy and repeatability, however , the scale o f  the lab 

plants did not allow this as the samples constituted 1 5% of the daily 

input.  All samples were collected manually. Collection of a 

representative treated effluent sample was s impler than for the raw 

waste because the anaerobic tanks buffered the raw waste fluctuations. 
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Samples 'rom the top and bottom of the trickling filter were 

collectec'. prior to loading. The anaerobic and aerobic outfalls  were 

sampled �::fter loading. 

6 : 2 )  SAMPLE ANALYSI S 

6 :  2 .  1 )  TinlJ.ng of Analyses 

Although raw effluent samples were collec ted twice daily to l oad the 

lab plants , analysis was shared between the morning and evening 

milkings to synchronize with the availability of resources. All 

samples were analysed immediately after collection. 

In  the morning a sample of the raw was te and the final discharge of  

the lab and field plants , a total of 4 samples/day, were collected  

and analysed for N and P .  Resources limited N and P analysis t o  the 

input and output for each unit.  
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In the evening samples throughout each p lant were collec ted C 4/Plant) , 

as well as duplicate raw waste samples , giving 1 4  samples/day for 

analysis during the monitoring periods. Duplicate raw waste samples 

were taken to reduce errors from sampl e  variation. 

6 : 2 . 2) Analytical Parameters and Methods 

6 : 2. 2 , 1 )  Total Sample Analysis -

The complete sample of 300-500 mls was analysed for the follow i.ng 

variables : 

C a) pH - A "Radiometer 28" was used with glass and calomel 

electrodes .  

( b) Redox Potential ( �) - Platinum and calomel electrodes were 

used in the same meter. 

( c) Dissolved Oxygen ( DO )  - A "YSI R54" DO meter was used and 

calibrated against air as outlined in the operator ' s  manual . 

C omparison of DO ' s  obtained using this p rocedure were within 

0 . 1 %  of the values obtained using the azide modification of 
Winkler ( 303) . 

( d) Temperature - Temperatures were measured with the YSI DO 

meter.  



6 : 2 . 2 , 2 )  Sub-Sample Analysis -

Sub-sampJes were taken from the 300-500 ml and used in the foLLowing 

analyses. 

( a) Chemical Oxygen Demand ( COD) - A 20  ml sample was used for 

each COD. Raw waste sample volumes were me&sured with a 2 5ml 

graduated cylinder. The lower solids concentrations of other 

samp les allowed the use of 20ml bulb  p ip ettes.  The pip ettes 

had the tipB cut and reground to  all ow the inclusion of 

suspended s olids in the sample . All samples were thoroughly 

mixed prior to taking the aliquot. These 20ml aliquots were 

diluted witb distilled water to  a final volume of 60-500 ml , 

depending on  their strength. 

The procedure carried out on 20ml o f  this diluted sample is 

outlined in Standard Methods ( 200) . All chemicals were "Anal 

R" except s ulphuric acid which was c ommercial grade. The 

concentration of ferre·us ammonium sulphate was increased to  

0 . 2 5N to  allow the use of a 1 0ml aut o-zero buret te graduated 

to 0 . 0 5  ml . The two-hour reflux period was controlled by t ime 

clocks .  

( b) E:iochemical Oxygen Demand ( BOD) - Hach manometric BOD meters 

were held at  200C and read each day for five days. Sample 

dilutions for the analysis ranged from zero to 10 fold. This 

n'ethod of EOD determination is qui cker and as accurate as the 

traditional methods ( 1 1 5 , 305) . 

The time required for BOD analysis resulted in one fifth as 

many BOD analyses as COD. These were sufficient to  establish 

a relationship betweer: the BOD and COD of the samples. 

( c )  Solids - Both total s olids (TS) end volatile solids ( VS )  were 

measured using standard procedures ( 200) . Disposable 

aluminium foil containers were used to take 90ml samples .  The 

dishes were passed through a muffle furnace prior to init ial 

weighing and were subsequently handled with tweezers. 

Lack of equipment prevented VS analysis until one third of the 

main trials were completed.  
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( rl ) lIJi ' :;, r gen - Total and dissolved nitrogen analyses were :::arried 

Ct, · . The dissolved fractions were centrifu.ged at 1 8 , OCO -

2'i , (�;QOg max. in a Sorvall and passed thro"Ltgh a O .  45p. mil1ipore 

f i lte r. Analyses of t otal and dissolved fract ions were 

p8rformed in duplicate by the Soil Science Department (Massey 

�niversity) according to  standard procedures ( 307-309) . The 

analysis consisted of the following measurements :  

Total Kj eldahl Nitrogen ( TKN) 

Dissolved Kjeldahl Nitrogen ( DKN) 
Nitrate Nitrogen (N03-N) 

Ammoniacal Nitrogen (NH4-N) 

'1'hese parameters allowed the estimation of; 

Total Dissolved Nitrogen (TDN) 

TDN = DKN + N03-N 

Total Particulate Nitrogen ( TPN) 

TPN = TKN - DKN 

Total Nitrogen (TN) 

TN = TKN + N03-N 

( e) Phosphorus - Sample preparation was as for nitrogen 

ne termination and analyses were performed in duplicate by the 

Soil Science Department (Massey University) using established 

r�ethods ( 306 ) . Values measured 'were :  

Total Phosphate ( TP )  

Total Dissolved Phosphate ( TDP)  

Dissolved Inorganic Phosphate ( DIP ) 

'�lhese parameters allowed the estimation of; 

6: 3) OTHEE R ECORDS 

Dissolved Organic Phosphate ( DOP) 

DOP = TDP - DIP 

Total Particula te Phosphate (TPP ) 

TPP :::: TP - TDP 

The t rickling filter flow was measu red at the bottom of the filter 

7 1  



U S L.'lg '" tllcket ( or measuring cyl inder ) and stop watch .  Adjustments 

were rr;.a,if! a. s  required to maintain the desired fl ow setting. 

A systel18 l: i c  diary was kep t for each of  the treatment units.  Records 

were made of visible changes in feed composition,  missed samp l es ,  

pump brG8.1\.downs and other relevant details . 
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CHAPTER 7 

EXPERIMENTAL DESIGN  



7 :  1 )  INITIAL STUDIES 

There was no experimental design or statistical analysis of  results 

for the investigatory experiments . 

The data was used to obtain treatment trends and operating procedures 

fr r the design of the main treatment plant s tudies. 

7: 2)  MAIN TRIALS 

The three operational variables considered were:  

( a) A�aerobic residence time ( A) 

( b) A8robic residence time ( B) 

( c) Trickling filter recycle rate ( C ) 

7 : 2 . 1 )  Operational Procedure 

Initial studies ( Chapter 4) revealed that 3 weeks operation would 

ensure equilibrium conditions in the aerobic section after the 

alteration of a variable. Slower adaptation in the anaerobic tank 

suggested that 5-8 weeks would be required for equilibrium 

conditions to be established ( Chapter 4 ,  39 ,  40) .  This was 

considered  to be too long to wait between treatment runs . 

To cater for this problem it was decided to use a nested factorial 

design. The anaerobic residence times formed the main blocks with 

the aerobic residence time and recycle rate confounded within each 

block (Table 7 : 1 ) .  This design allowed the anaerobic residence 

times to be held constant over longer periods without affecting the 

time required for each treatment . U nf o rtuna te l y ,  anaerobic treatment 

and block effects could not be s ta t i s t i call y s eparated. This design 

limitation was accep ted as alternative procedures placed 

unacceptable demands on resources .  

Allowing 3 weeks for aerobic acclima ti:�ation and 1 week for 

monitoring, a t otal of 4 weeks were re'luired per setting. The 

procedure is shown in Figure 7 : 1 .  

Three settings of each of the variables was considered to be a 

minimum. Thus the 3 x 3 x 3 factorial design gave a total operating 

period of 1 08 weeks . This was unacceptably long, considering the 

twice daily loadings . Furthermore ,  it was desired to obtain some 
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information on the variation in perfo rmance of identical treatnent 

plants and scale effects on plant op era.tion. 

To meet the se requirements a total of three treatment plants were 

built.  Two laboratory plants were identi cal ( Chapter 5 ) . The 9 

variables within each bl ock were randomly divided between each 

laborat ory plant . All owing for one replicate , this gave 5 set tings 

per blcck per lab orat ory treatment plant , reducing the total 

experiment time to 60 weeks . 

The two lab orat ory plants no longer allowed the field plant to 

measu rA all parameters . It was therefore necessary to  select 

treatm�nts for the field plant such that all parameters would be 

confounded. The p rocedure was based on Snedecor and Cochran ( 3 1 0)  

and is  shown in Table 7 : 2 .  

The f ii.lal allocat ion o f  treatment variables  to the experimentel 

plants and their order of analys is are presented in T able 7 : 3. 

7: 2 . 2 )  Data Analys is 

Each p�ase of the t reatment was analysed separately. The multiple 

regresaion analys is enabled equations to be developed for both the 

anaerobic and aerobic phases , indicating their respective 

contributions to  the overall treatment . The regression equations 

were then transferred into contour plots to give a visual 

apprec iat ion of treatment effects.  

Having es tablishe d the resp onse surfaces for the various treatment 

variables in each phase , an es timate of the comb ine d treatment 

effici enc ies may be made. These results could then be compared 

with f ield plant data to de termine scal e effe cts and model 

sui tabil i ty. 
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TABLE 7: 2 

CONFOUNDING OF FI ELD PLANT TREATMENTS 

Aerobic Holding Time 

I 11 1 11 

Recycle Rate  

I 1 1  1 2  1 3  

II  2 1  22  2 3  

11 1 31  32 3 3  

C onfounding for three blocks : 

Block X Block Y Block Z 

1 1  1 2  1 :3 

22 2 3  2 1  

33 3 1  32 

Blocks X ,  Y and Z were randomly allocated to  the experimental 

Blocks I ,  1 1  and 111 . 
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'fABLE 7: 3 

?lNAL TREATf.1El"'T ALLOCATION TO EXPERIMENTAL PLANTS 

AND TIMFTIABLE OF ANALYSIS 

DATE ( 1 ) ANAEROBIC BLOCKS AEROBIC TREATMENTS 

Block Residence  Lab. P lant Lab. P lant Field Plant 
Number Time ( A) ( B) ( F) 

1 0/1 /75 Start-up Start-up Start-up 

1 0/2/75 3/20 : 1 
( 2 )  

3/20 : 1 3/20 : 1 I 5 

1 0/3/75 1 /35:  1 1 /20 : 1 1 /20 : 1 

7/4/75 2/5 : 1 1 /5 :  1 -

5/5/75 2/35 : 1 2/20 : 1 2/35 :  1 

2/6/75 3/5 : 1 3/35 : 1 3/5 :  1 

30/6/75 II  7 . 5 2/5 : 1 2/5 :  1 2/5 :  1 

28/7/75 3/20 : 1 2/35 : 1 3/20 : 1 

25/8/75 1 /35 : 1 3/35 : 1 1 /35 : 1 

22/9/75 1 /5 :  1 2/20 : 1 -

20/1 0/75 3/5 :  1 2/20: 1 -

1 7/1 1 /75 III 1 0  1 /35 : 1 1 /35 : 1 -

1 5/ 1 2/75 3/35 : 1 1 /20 : 1 3/35 : 1 

1 2/1 /76 2/20:  1 3/20 : 1 2/20 : 1 

9/2/76 3/5 : 1 2/5 : 1 -

8/3/76 1 /s : 1 2/35 : 1 1 /5 :  1 

NOTE: ( 1 ) The dates given are those for the start o f  each setting. 

( 2 )  Aerobic residence time/recycle rate . 
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CHAPTER 8 

RESULT S AND DI SCUSSI ON 



8: 1 )  COLLECT 'om DATA 

A sample of all data collected during one 4 week period is presented 

in Table App .  V: 1 .  This was repeated for all 1 5  treatment runs and 

the meaned results o f  each treatment are presented in Table App .  V : 2 .  

8: 2 )  CHARACTERISTICS O F  DAIRY SHED EFFLUENT 

8: 2. 1 )  Measured Characteristics 

Mean values of all parameters measured on dairy shed effluent during 

the experiment are presented in Table 8: 1 .  Seasonal variations in 

the values are shown in Appendix VI I .  

COD , BOD and TS show a maximum in N�vember/December, the peak milking 

period, but monthly fluctuations make this trend insignificant 

( Figures App .  VII : 1 and App. VII : 2) .  Temperature and DO ( Figure App .  

VII : 3 ) follow well established seasonal fluctuations ( 1 95 ,  31 3) , 

while  pH remains almost constant. Variations in redox potential are 

difficult  to interpret ,  but possibly reflect changes in the nature 

of the waste,  the time between collection and measurement , and the 

difficu lty of obtaining stable measurements ( Figure App .  VII : 4) .  

N03-N levels show a peak in early spring and late summer (Figure 

App .  VI I : 5 ) .  The spring peak could be expected, considering the 

resump tion of  calving and the grazing of autumn saved pasture. The 

high levels in late summer may reflect the greater maturity of the 

pasture and the use of silage during dry conditions . The increase 

of NH4-N  in spring ( Figure App .  VII :  5 )  could have resulted from 

higher temperatures and increased metabolic  activity o f  the 
indigeLous microflora. I f  this was so ,  one would not expect a 

corresp onding and S ignificantly greater increase in N03-N. I t  would 

app ear that the ris e  in NH4-N reflects feed composition and other 

seasonal changes. The trends seen in TKN and DKN support this 

suggestion (Figure App .  VII : 6 ) .  The relative sea.sonal movements o f  

TKN anC::. DKN show that TPN remains almost constant. The phosphorus 

data ( rigure App . VII : 7) gives a peak in spring and a smaller 

increaue in autumn. This may be a reflection of pas ture growth and 

increased cow numbers . Some of the monthly fluctuations probably 

reflec�: changes in shed management and personnel . 
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TABLE 8: 1 

Parameter 

COD 

BOD 

TS 

vs 
TEMP 

00 

� 
pH 

N03-N 

NB -N 4 
DKN 

TKN 
DIP 

T DP  
TP 

TDN 

TPN 

TN 

DOP 

TPP 

MEANED DATA FOR DAIRY SE En EFFLUENT 

Unit 

mg/l 

mg/l 

% 

% - �  
o of T ' ,  

°c 
mg/l 

mV 
-

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 
mg/l 

( Calculated values 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

M ean Std. 

6599 
1 505 

0 . 7 1 7 
68. 3 

1 7. 0  

:: . 04 

1 63 

8. 24 

2 . 90 
26. 42 

1 1 5 

205 

4. 5 1 
6 . 49 

35. 20 

based  on the above) : 

1 � 7. 9 

90 

207. 9 

I .  98 

28. 7 1  

8 1  

Deviation 

1 326 

469 
0 . 1 76 

5. 1 2  

4 . 40 

1 . 41 

49 
0. 1 3  

1 . 75 

9 . 86 

60 

79 
1 . 59 
3. 1 5  

1 1 . 38 

-

-
-

-

-

-



8: 2 .  2) P ollu. , i on Loads from Dairy Shed Effluent 

The tota.1 volume of water used at the dairy shed could not be 

measured because: 

( a) Lin:.·'. ted resources precluded the monitoring of  the various water 

sources to the shed. 

( b) The dairy shed is serviced by two sewer lines , one collecting 

discharges from the herringbone pit  and milking machine 

cleaning, the second collecting the effluent from the holding 

yards and cattle access areas. No feasible method of measuring 

this combined discharge was developed. 

The effluent volume discharged from the cattle holding areas,  i . e. , 

the monitored effluent, was estimated at 50 litre/cow-day. * 
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Combining this figure with the values presented in Table 8: 1 ,  the 

total pollution load from the dairy shed p er cow-day can be calculated 

( Table 8: 2 ) . Comparison of Table 8: 2 with Table App . 1 : 4 shows good 

correlation,  considering the variations in data source and laboratory 

analysia.  On this basis , Table 8: 2 appears to pl'ovide a suitable 

assessment of pollution loads from a dairy shed. 

8: 2 . 3)  Correlation of Pollution Parametere 

Estimation of the regression equation between pairs of c ommonly used 

parameters , e . g. , BOD and COD, are useful in deSign, particularly 

when comp lete records of the raw effluent cannot be made. 

Regression analysis of the variables listed in Table 8: 1 ,  using a 

Burroughs Advanced Statistical I nquiry System (BASIS) and a Burroughs 

6700 computer, resulted in the relationships presented in Table 8: 3. 

All regressions with a coefficient of �etermination less than 0. 70 

were dj scarded, as their predict ion value was not considered 

adequat e . 

8: 3) ANAEROBIC TREAT!V1ENT PHASE 

The ancerobic and aerobic phases are discussed separately in this 

and the following section. Chap ter 9 discusses full plant treatment , 

* The estimate was based on 8 knowledge of  cow numbers , the yard 

clear!ing time, and an assessment of other water sources being 

discharged on to the yard. 
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TABLE 8; 2 

POLLUTION LOADS FROM DAIRY SHED EFFLUENT 

Parameter Unit Pollu tion Load 
. . 

COD kg/cow-day 0 . 330 
BOD kg/cow-day 0 . 075 
TS kg/cow-day 0. 360 
VS kg/cow-day 0. 245 
N03-N g/cow-day 0. 1 46 
NH -N 4 g/cow-day 1 .  32 1 
DKN g/cow-day 5 . 750 
TKN g/cow-day 1 0 . 2 50 
TDN g/cow-day 5 . 896 
TPN g/cow-day 4. 500 
TN g/cow-day 1 0 . 396 
DIP g/cow-day 0 . 226 
TDP g/cow-day 0 . 325 
DOP g/cow-day 0 . 099 
TPP g/cow-day 1 . 435 
TP g/cow-day 1 . 760 

. ... 
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TABLE 8: 3 

CORRELATION OF RAW WASTE PARAMEl'EREl, 

Dependent Independent Variable  Constant Coefficient 

Variable Variable Coefficient Determination 

COD (mg/l) TS ( %)  9838. 3 -296 . 9  0. 87** 

BOD ( mg/l) COD (mg/l)  0. 229 73 . 05 0 . 74** 

DKN ( mg/l) TKN (mg/l)  0. 672 -22 . 692 0 . 79** 

VS ( %) TS (%) 0. 729 -0. 032 0 . 93** 

VS ( %) BOD (mg/l)  0. 0003 0 . 036 0 . 88** 

** Regression significant at the 1 %  level 



. ..... 

operatior�al problems and general sui tabili ty of the combined 
treatment system. 

8: 3 .  1 )  Anaerobic Load.ing Rates 
The average anaerobic loading rates for the three treatment levels 
are presented in Table 8: 4. These are based on initial anaerobic 
tank volume and could be twice the cited values if allowances are 
made for volume reduction resulting from accumulating solids. 
Variation in effluent strength caused fluctuations in loading rates.  
Apart from using a fixed input volume, no attempt was made to 
stabilize the loading, as the anaerobic phase would be required to 
cope with a large variation in loading rate on a commercial dairy 
farm. Since the anaerobic phase was contained in an unmixed, open, 
non-insulated tank, the treatment closely resembled that of an 
anaerobic lagoon. Comparison of Table 8: 4 with Chapter 2: 4. 3 , 1  
shows that the loading rates were 5-8 times reported values at the 
5 day anaerobic residence time , and therefore 2-4 times those at 1 0 
day residence times . These higher loading rates allowed 
correspondingly smaller anaerobic tanks , and consequently a reduction 
in capital investment and opportunity cost. 

'
8 : 3 . 2)  Anaerobic Treatment Efficiencies 

High treatment efficiencies were not expected across the anaerobic 
phase, particularly at the lower residence times ,  as the aim was to 
produce soluble organics by acid fermentation. These would still 
produce a significant pollution load, 

A paired comparison of the anaerobic tank data from the two 
laboratory treatment plants showed that the null hypothesis could 
not be rejected, i. e . , the two plants were the same. Hence data 
from both laboratory plants is combined and summarized in Table 8: 5 .  

Detailed statistical analysis o f  this data was limited by the 
experimental design ( Chapter 7) and fluctuations in raw effluent data, 
but visual observation of the means suggested little treatment effect 
oh most parameters.  Investigatory analysis supported this view and 
general conclusions drawn from the data are listed below. 

(a) There was little variation in the average COD and TS removal 
over the treatments . Since more than 60% of this removal 
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TABLE 8i 4 

ANAEROBI C TANK LOADINGS 

Plant Hydraulic Residence  Loading Volume Load (kg/m3 -day) 

Time ( days) ( l/day) 
COD BOD TS VS 

Lab. 5 8 1 . 346 0 . 302 1 . 355  -

7. 5 8 0. 967 0 . 2 1 7 1 . 023  0 . 663 

1 0  8 0. 627 0 . 1 41 0. 666 0 . 474 

Field 5 450 1 . 380 - 1 . 395 -

7. 5 450 0 . 863 - 0 . 938 0 . 607 

1 0  450 0 . 586 - 0. 672 0. 478 
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TABLE 8:5 

ANAEROBI C TREATMENT IN LABORATORY PLANTS 

Variable 5 day 7 . 5 day 1 0  day Mean 

COD REM ( 1 )  (%) 7 1 . 0  68. 0 72. 1 70. 4 

COD AN ( 2) (mg/l) 1 947 2 303 1 778 2009 

BOD REM (%) 47. 8 56 . 8 76. 6 60. 4 

BOD AN (mg/l) 588 809 41 3 603 

TS REM (%) 74. 0 70. 9 68. 9 7 1 . 3 

TS AN (%) 0. 1 76 0. 2 1 8  0 . 204 0. 1 99 

VS REM (%J  - 74. 0 77. 8  75. 9 

VS AN (%) - 0. 1 29 0 . 1 05 0. 1 1 7 

Anaerobic pH 7 . 1 9  6 . 90 6. 89 6 . 99 

Anaerobic Eh (mV) -50 -40 -47 -46 

Temperature ( oC) 1 7 . 4- 1 6 . 6  20. 1 1 8. 0  

NOTES: ( 1 ;' REM = Removal 

( 2 ; AN = Anaerobic discharge 

" , 
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could be attributable to settling ( Chapter 2 : 6. 1 , 1 ) ,  the 
a�aerobic tank removed approximately 1 0% of the COD and TS 
t�rough treatment. 

( b ) The BOD removals of approximately 50% were similar for the 5 

and 7 . 5 day residence times ,  but showed an increase to 76. 6% 

for the 1 0 day residence time. This increase could be the 
result of higher mean temperatures for the treatment period and 
the effect of longer residence time. The 1 0 day residence 
would reduce microbial washout , enabling methane producers to 
increase in the tank liqu or, thus providing an increased BOD 
reduction. These effects were supported by VS removals. 

The low BbD removals and wide BOD/TS removal ratios at the low 
anaerobic residence times suggested an increase in VFA ' s  and 
ether intermediaries due to acid fermentation. The COD/TS 
removal ratios followed a similar trend, suggesting that some 
anaerobic pre-conditioning, other than that shown by BOD, COD, 
and TS removals, was occuring. 
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( c ) Treatment efficiencies and anaerobic discharge concentrations 
correspond to those reported in the l iterature ( Chapter 2 : 4. 3 , 3) .  

Considering the lack of c ontrolled conditions and the high 
loading rates , particularly if allowances are made for the 
�ocumulated s olids , the treatment efficiencies were greater 
than anticipated. The pH and redox potential of the discharge 
were e ssentially unaltered by treatment variations. 

( d) The insensitivity of the anaerobic tank discharge to variation 
in loading rates supports Loehr ' s  suggestion ( 46) that the 
performance of anaerobic lagoons is relatively unaffected by 
loading rate. 

8: 3 . 3 )  Anaerobic Solid Accumulation and Disposal 
Solids removal data from the laboratory plants is presented in 
Appendix VI .  In view of the previous solid accumulation rate ( Chapter 
4: 3. 4) , which required anaerobic tank cleaning every 40 days , it was 
decided to remove a portion of the anaerobic tank solids at the end 
of each treatment with a 5 day anaerobic residence time , i . e. , every 



4 weeks , as a cleaning period of 8 weeks would have resulted in too 

great a s olids accumulation. Increasing the anaerobic residence 

time to '1 . 5  and 1 0  days allowed accumulated solids to be cleaned on 

an 8 and 1 2  week cycle respectively. The solids were removed prior 

to resetting the plants for the next treatment (Figure 7 : 1 ) .  

Making allowances for lost samples ( Chapter 6 : 1 . 1 , 2) ,  and using data 

from Appendix VI , a solids balance can be made for the laboratory 

plant anaerobic tanks. Tables 8: 6 and 8: 7 summariz e these results 

for TS and VS respectively. 

The TS accumulation rate of approximately 55% of the input solids for 

the 5 and 7. 5 day anaerobic residence times is in agreement with 

earlier data ( Appendix 1 1 ) . The lower accumulation rate ( 40% of 

input )  §t the 1 0  day anaerobic residence time corresponds with the 

greater percentage of TS l ost,  i . e . , 30% as opposed to 1 5-20%. This 

trend would support the earlier conclusion that the 1 0  day residence 

time allowed an improved population of methane generating bacteria in 

the anaerobic tank, resulting in a greater proportion of the input 

solids lost through gassing. The higher temperatures , and the longer 
cleaning periods , would also  aid in this process ( 3 1 4) .  The VS data 

is in agreement with these trends , although the actual percentage of 
VS lost ( 42%) is predictably higher. 

The sludge accumulation rate was calcu].ated assuming an s% TS level 
in the sludge and an S. G. of 1 . 00.  The former assumption was based 
on reported values ( 52 ,  54, 5 5 )  and the measured %Ts in the removed 

sludge . The fl oating mat on top of the anaerobic tank had an 

average of 1 2 . 2% TS and 56% VS, while the pumped slurry, removed 
mainly from the bottom of the tank, contained 4 . 1% TS and a similar 

VS level .  Thus a mean value of s% TS  was selected. An S. G. of  1 . 00 

was taken as the anaerobic solids both fl oated and settled. It was 
cons idered that any error in the assumed S. G. value would not 

significantly affect the calculated sludge accumulation rate. 
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The rate of sludge accumulation, 0. 0050 - 0. 0071  m3/kg TS IN, is 
higher than the reported value of 0 . 0033 m3/kg TS IN ( Chapter 2 : 4. 3, 4) .  
The higher accumulation rate is probably due to the nature of the 

effluent , an increase in the amount of inert material , e . g. , dirt , 



TABLE 8: 6 

TS BALANCE FOR LABORATORY PLANT ANAEROBIC TANK 

BI,OCKS 

I 11 1 1 1  

Mean hydraulic residence time ( days ) 5 . 0  7 . 5 1 0 . 0 

T S  loading rate ( kg!m3_day) 1 . 36 1 . 02  0. 67 

Cleaning frequency ( days)  28 5 6  84 

TS IN ( kg)/cleaning cYCle ( 1 )  1 .  46 2 . 76 4. 83 

TS AN ( kg)/cleaning cycle ( 2 )  0 . 38 0. 80 1 . 44 

TS CLEANED (kg)/cleaning( 3) 0. 74 1 .  5 1  1 . 89 

TS  REMAIN ( kg) after cleaning 0 . 04 0. 06 0 . 02 

TS LOST (kg)/cleaning Cycle ( 4 ) 0 . 30 0. 39 1 . 48 

r�s LOST/cleaning cycle 20. 5 1 4. 0  30. 5 

TS ACCUMULATION ( kg) /cleaning cycle 0. 78 1 .  57  1 . 91 

TS  ACCUMULATI ON (kg) /TS IN (kg) 0 . 53  0. 57 0. 40 

TS ACCUMULATION ( kg/m3_day) 0. 72 1 0. 581 0. 268 

SLUDGE ACCUMULATION (II13/kg TS IN) ( , ) 0. 0066 0 . 0071 0 .0050 

NOTES : 

( 1 )  TS IN = TS load into the anaerobic tank 

( 2) TS AN = TS leaving the anaerobic tank in the liquid discharge 

( 3 ) TS CLEANED = TS removed from the anaerobic tank at each 
cleaning period 

( 4) TS LOST (kg) = [TS IN ( kg)] - [TS AN ( kg) · c  TS CLEANED ( kg) 
+ TS REMAIN (kgU 

( 5 ) Sludge accumulation was calculated assuming an fffo '1's 
concentration in the accumulating sludge. 
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TABLE 8; 7 

VS BALANCE FOR LABORATORY PLANT ANAEROBIC TANK 

BLOCKS 
I Il III  

Mean hydraulic residence time ( days) 5. 0 7. 5 1 0 . 0  

VS loading rate ( kg/m3_day) - 0 . 663 0 . 474 

Cleaning frequency ( days) 28 56 84 

VS IN (kg) /cleaning cycle ( 1 )  - 1 . 72 3. 45 

VS AN (kg) /cleaning cycle - 0 . 46 0 . 79  

VS  CLEANED (kg) /cleaning - 0 . 77 1 .  1 9  

VS REMAIN ( kg) after cleaning - 0 . 04 0 . 02  

VS LOST (kg) /cleaning cycle - 0. 45 1 . 45 

%VS LOST/cleaning cycle - 26. 5 42 . 0  

VS ACCUMULATION (kg) /cleaning cycle - 0 . 81 1 . 2 1 

VS ACCUMULATION (kg) /VS IN (kg) - 0 . 47 0. 35 

VS ACCUMULATION (kg/m3-day) - 0. 31 2 0 . 1 66 

SLUDGE ACCUMULATION (m3/kg VS IN) ( 2 ) - 0. 0 1 03 0 . 0077 

NOTES : ( 1 )  Abbreviations as for Table 8: 6 

( 2) Calculated using a mean VS% of 57% TS 



and the shorter retention times between solids removal. The lower 
VS levels and removals obtained ( Table 8: 7) would support these 
conclusions . 

There was no suggestion from the data (Appendix VI )  that the sludge 
density increased with loading rate as had been reported ( 1 66 ,  1 69) . 

However, the technique used for solids removal did not provide an 
accurate measure of the sludge density. 

C omparison of Tables 8: 4 ,  8 : 5 and 8: 6 suggest that solids loading 
and accumulation rates are the primary factors in anaerobic tank 
design. Tank volumes may be best determined on a solids cleaning 
frequency. Recommended sludge removal , once 50% of the anaerobic 
lagoon volume has been filled ( 54 ,  55 ) , may be conservative when 
considering treatment efficiencies obtained at low residence times 
( Chapter 8: 3. 2 ) .  Sludge removal may be better estimated on a 
minim� mean hydraulic residence time, i . e . , the sludge would be 
removed once the effective lagoon volume reduced the mean hydraulic 
resider-ce time below a selected value, e. g. ,  3 da:rs . The accumulated 
solids would provide a medium for the anaerobic microorganisms to 
adhere to , thus minimizing the effect of the low mean hydraulic 
residence time . The anaerobic tank operation would then be 
comparable to an up flow anaerobic fil ter ( 1 53) .  The advantage of 
this sJrstem would be a lowered solids cleaning frequency for any 
given anaerobic lagoon size ,  providing improved s olids decomposition 
and economic cleening. 

Cleaning the anaerobic tank in the laboratory was messy and 
unplea3ant. It is discussed in more detail in Chapter 9.  

8 : 3 . 4) Comparison of the Laboratory and Field Plante, 
A comparison of loading rates is presented in Tacle 8: 4. Pooling 
the percentage differences in COD, TS and VS loading rates , the field 
plant loading was 3. 4% below the laboratory plants over the three 
treatmant levels . The greatest single variation was 1 0%, seen in 
the CO� loading at a 7 . 5 day residence time. Stetistical analysis 
of pla�t treatment showed that this was not significant. The lower 
loading, resul ting from the short-fall in effluent volume, only 
affected the field plant ( Chapter 6 : 1 . 1 , 2) .  
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�dble 8: 8 summarizes treatment efficiencies and anaerobic outlet 
concentrations for the field plant. Resources did not permit the 
measurement of BOD on the field plant effluent. Comparison of 
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Tables 8: 8 and 8: 5 indicates some variation in performance at the 
various treatment levels. Selecting points showing the largest 
variation, e . g. , COD AN at the 7. 5 day residence, and having checked 
that the two data sets had similar variance , a " t" test on means with 
pooled variance showed no significant difference in the data. The 
redox potential was consistently lower in the field plant. This may 
reflect improved anaerobic conditions in the larger tank, but may 
also be a function of the larger sample sizes collected. Temperature 
was l ower in the field plant but had little effect on treatment 
efficiency. 

In sUillffiary, the data reveals no scale effects in treatment 
effici�ncies despite the variations in environment. It should not 
be assumed that scale has no effect , as s ome operational difficulties 
were experienced with alteration in scale ( Chapter 9 : 5. 5 ) . 

8: 4) AEROBI C TREATMENT PHASE 

8: 4. 1 )  Aerobic Loading Rates 
Aerobic loading rates varied with anaerobic discharge. Taking means 
for each anaerobic block, the trickling filter loading rates for the 
laboratory plants are presented in Table 8: 9 .  The BOD loading, 
compared to domestic standards , classifies the filter as a " low rate" 
unit .  However, if consideration is given to the recycle rate and 
the cODcentration of liquid discharge onto the filter, the trickling 
filter may be classified as a "high ra'ce" unit ( Chapter 2 : 5. 4) . 
These loading comparisons are not strictly correct since the 1 -3 day 
resider,_ce times used in these experiments influence the actual load 
being placed on the filter and the time available for treatment. 
Compari son with livestock waste treatment units shows that the 
loading rates and operating conditions resemble the work of Bridgham 
and Cleyton ( 81 ) ,  and Painter ( 247) .  

8 : 4 . 2 )  Aero bic Treatment Resul ts 

8: 4. 2 , 1 )  Introduction -



TABLE 8: 8 

ANAEROBIC TREATMENT EFFICIENCIES FOR THE FI ELD PLANT 

Variable 5 day 7. 5 day 

COD REM ( 1 )  (%) 65 . 4 7 1 . 0  

COD AN ( 2 ) (mg/l) 2383 1 896 

TS REM ( %) 72 . 3 74 . 3 

TS AN (%)  0 . 1 92 0. 1 80  

VS REM ( %) - 78. 2  

VS AN ( %) - 0 . 1 05 

Anaerobic  pH 7. 66 7. 69 

Anaerobic Eh (mV) -67 -55  

Temperature ( OC )  1 4. 1 1 0 . 1 

NOTES: ( 1 )  REM Removal 

1 0  day 

67. 4 

1 888 

69. 0 

0 . 203 

76. 0 

0 . 1 1 0 

7 . 44 

-66 

1 7. 9  

( 2 )  AN == Anaerobic discharge 

94 

Mean 

67. 9 

205 6  

71 . 9  

0. 1 92 

77. 1 

0 . 1 08 

7. 60 

-63 

1 4. 0  



TABLE 8:9 

VARIABLE 

COD (kg/m3-day) ( 1 )  

BOD ( kg/m3_day) 

TS (kg/m3-day) 

VS (kg/m3 -day) 

Flow 5/1 (m3 /m2 -day) 

20/1 (m3/m2_day) 

35/1 ( m3/m2_day) 

LABOB.ATORY PLANTS - DAILY AEROBIC LOADING RATES 

RLOCK I 

0. 590 

0. 1 78 

0. 533 

-

2. 81 (0. 03) ( 2) 

10. 1 0  (0 . 1 08) 

1 8. 23 (0 . 1 95) 

BLOCK Il 

0. 698 

0. 245 

0. 659 

0. 390 

2. 81 (0. 030) 

1 0. 1 9  (0. 1 09) 

1 8. 33 (0. 1 96) 

BLOCK III 

0. 539 

0. 1 25 

0. 6 1 8 

0. 31 9 

2 . 81 (0 . 030) 

9. 54 ( 0. 1 02 ) 

1 8. 6 1  ( O .  1 99) 

NOTES : ( 1 )  Loadings are based on the trickling filter volume of 0. 0264 m3• 

( 2) Figures in bracke�s give the flow in litre/min onto the filter. 

MEAN 

0. 609 

0. 1 83 

0. 603 

0. 355 

2 . 81 

9. 95 

1 8. 39 

\.0 
\Jl 



A BASI S pC!.ckage was used to analyze the data. The treatment levels 

for both aerobic residence time ( B) and recycle rate ( C ) were 

normalize 'l to improve orthogonal i ty by the following equation:  

A - Me 
N = 

-t(Ma - Mn) 

N = normalized value 

A = actual valu� 

Me  = mean of actual values  (Aerobic = 2 ,  Recycle :::: 20/1 ) 
Ma = maximum actual value (Aerobic = 3 , Recycle = 35/1 ) 
Mn = minimum actual value (Aerobic = 1 , Recycle 5/1 ) 

A step-wise regression analysis was executed with 5% F limits being 

set for the inclusion or deletion of  any term from the equation. The 

treatment interactions and covariates used in all analyses  are 

presented in Table 8: 1 0 . 

8: 4. 2 , 2 )  Regression Equations and C ontour Diagrams -

The regression equations , based on  normalized treatment l evels and 

using data from Table App . V: 2 ,  are presented in Table 8: 1 1 .  Data 

fluctuations reduced both the number of significant terms in tbe 

equatio�s and the coefficients of  multiple determination ( CMD) . 

The percent removal regressions accentuated this problem as twc data 

values were required for each determination. No significant 

regression for percent BOD removal was obtained but ,  given a B0D 
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input value ,  the percent removal can be estimated from the BOD OUT 
prediction. Taking a mean anaerobic discharge of 600 mg/l BOD ,  the 

range of predicted % BOD removals is 43-73%. Improvement of the CMD ' s  

could have been achieved if a greater number o f  larger samples had 

been an�lysed. This was not feasible. An alternative would have 

been to use settled, rather than fully mixed, samples for analysiS . 

However, s ettled samples would not provide an accurate assessment of 

plant performance and final discharge strengths . Determination of  

actual operating conditions was considered to be  of primary 

importance ,  hence agitated samples were analysed. 

The regression equations were interpreted with the aid of contour 

diagrams. The X and Y axes of the grid. formed the aerobi c  residence 



TABLE 8: 1 0  

TREATMENT C OMBINAT I ONS AND COVARIATES 

FOR AEROBI C REGRESSION ANALYSI S 

TREATMENTS COVARIATES 

B ( 1 ) 

C 
( 2 ) 

BC 

B2 TEl1P 

C 2 
AN OUT ( 3) 

B2C 

BC2 

B2 C2 

NOT ES : ( 1 )  B = Aero bic resi denc e t im e  ( Chap ter 7) 

( 2) C = Fil ter recyc l e  rat e ( Ctap ter 7) 

( 3) AN OUT = Ana erob i c  tank ou t l e t  conc entrat i on, e. g. , 

COD AN. Thi s provides an � s t imate o f  the aerobi c load, 

as l oading vo lume s are fixe d. 
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TABLE 8:  1 1  

Dependent 

Variable 

COD OUT( 1 )  ( mg/l ) 

COD RWOVAL (%) 

BOD OUT ( mg/l ) 

BaD REI�OVAL ( %)  

T S  OUT ( %)  

T S  REi'10VAL (%) 

VS OUT ( %) 

VS REMOVAL ( %J  

REGRESSION EQUATIONS FOR AEROBIC TREATMmrr USING LABORATORY PLANT DATA 

C onstant 

67. 446 

5 1 . 1 55 

85 . 940 

-

0. 009 

27. 1 25 

-0. 0 1 7 

56. 648 

- ----- - ----------

Independent Variables and Coeffi cients 

- 1 29. 073B - 1 56 . 964C - 1 1 4 . 967BC + 1 37. 530B2C + 0 . 450CODAN 

2 + 7. 1 57B + 1 1 . 432C + 3. 931 BC - 8. 6 1 0B C 

- 38. 836B - 56 . 01 1 BC + 0. 274BODAN 

-

+ 0. 0 1 0B2 - 0. 005BC - 0 .0 1 1 BC2 + 0. 675TSAN 

2 2 - 4. 036B + 5. 348BC 

2 - 0 . 005BC - 0. 008BC + 0. 398VSAN + 0 . 003TEMP 

2 + 4. 580�C + 5. 1 25BC + 1 76 . 665VSAN - 2 . 406TEMP 

------ �-

NOTES : ( 1 )  OUT = Final discharge from the aerobic phase. 

( 2) ** Regression signi ficant at the 1 %  l evel. 

Coefficient of 

Mul tiple Determination 

0 . 92** ( 2 ) 

0. 72** 

0 . 70** 

-

0. 97** 

0 . 5 1 ** 

0. 93** 

0. 83** 

\D en 



time ana recycle rate respectively. A series of substitutions into 

the regression equation gave a complete grid of predicted values.  

Contours were then drawn to  represent common discharge concentrations 

or percentage treatment efficiencies. * 

C ontour diagrams were used as they provide a better understanding of 

the response surface than the use of a family of curves. This is  

particularly true where second and third order interactions occur in 

in the regression. 

Figures 8: 1 - 8 : 7 are the contour diagrams resulting from the 

regressions presented in Table 8: 1 1 .  Although the shape of the 

response surface is controlled by the regressi on equation, the values 

given on the contour lines will vary with the limits set for X and Y 

and the values assigned to any covariate in the equation. 

8: 4. 2 , 3) Discussion of Aerobic Treatment Results -

( a) General Treatment Effects : Comparison of the regression 

equations (Table 8 : 1 1 )  and the aerobic phase response surfaces 

( Figures 8: 1 - 8: 7) indicates a strong interaction between 
aerobic res idence t ime and recycle rate. This is demonstrated 

by the low treatment efficiency at low aerobic residence times 

99 

and high recycle rates , and by an increase in treatment efficiency 

at high aerobic residence times ani recycle rates. The large 

flat area through the middle and lower right of the figures 
suggests an insensitivity of treatment efficiency to operating 

conditions. This factor could be of importance when considering 

plant suitability in the dairy industry. 

The absence of temperature effects is at variance with reported 

work ( Chapter 2 : 5. 4 )  and is probably due to the lack of 

controlled temperatures and the absence of temperature extremeS . 

Temperature effects only occur in the VS regression where there 
is a negative coefficient for %VS removal . Although theoretical 

* The computer programme , to calculate the 40 x 40 grid positions 

and draw the contours , was written by Dr L F . Boag, I ndustrial 
Engineering and Management Depar'tmer:t, Ml:llfls ey University. 
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FIGURE 8: 1 
CONTOUR PLOT FOR COD OUT USING LABORATORY PLANT DATA 
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FIGURE 8; 2 
CONTOUR PLOT FOR PERCENT COD REMOVAL USING LABORATORY PLANT DATA 

/ '" < 35 1 i . ,  " '" 

� E-t 
P1 
r:i:I 
t3 � 
� � 

20/1 

� 
(Xl 

t 7 

5/1:1 < '> > > • , 
1 2 

AEROBIC RESIDENCE TIME 
3 

o 



- -

FIGURE 8: 3 
CONTOUR PLOT FOR BOD OUT USING LABORATORY PLANT DATA 
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FI GURE 8: 4 
CONTOUR PLCYr FOR TS OUT USING LABORATORY PLANT DATA 
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FI GURE 8:5 
CONTOUR PLOT FOR PERCENT TS REMOVAL USING LABORATORY PLANT DATA 
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FI GURE 8: 6 
CONTOUR PLOT FOR VS OUT USING LABORATORY PLANT DATA 
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FIGURE 8:7 
CONTOUR PLffi" FOR PERCENT VS REMOVAL USING LABORATORY PLANT DATA 
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considerations would not support this , it may result from the 

influence of higher temperatures increasing the activity of 

settled floc in the aerobic tank, thus causing gassing and 

solids dispersion. The dispersed floc would be discharged in 

the outfall , decreasing treatment efficiencies .  

1 07 

( b ) Aerobic Residence Times: Aerobic residence time had the greatest 

effect on treatment efficiency. The selected times of 1 -3 days 

were significantly lower than the 20 days used by Bridgham and 

Clayton ( 81 ) ,  although Painter ( 247) appears to have used a more 

conventional trickling filter system giving residence t imes of 

less than one day. 

The data suggests that aerobic residence times of 2. 5-3. 0 days 

provide a discharge BOD of less than 200 mg/I. This low 

residence time , relative to aerobic lagoons , would substantially 

decrease plant size while still providing effluent of a similar 

standard. 

( c ) Recycle Rate :  The advantages and disadvantages of recycling 

have been listed ( Chapter 2 : 5 . 4) .  Unl ike trickling filters 

treating domestic  sewage , trickling filters treating dairy shed 

wastes are loaded twice daily. This makes recycle mandatory i f  
a continuous flow t o  the filter i s  t o  b e  maintained. Furthermore, 

the high effluent concentration ( BOD in excess of 600 mg/l after 

anaerobic treatment) requires a high hydraulic load to assist 
film sloughing and to avoid filter blockages • 

• 

The disadvantages are not significant in the dairy farming 

environment. The l ow volumetric loadings enable high recycle 

rates t o  be maintained without the use o f  large pumps or settling 

basins . The possibility of increased sludge should not be a 

problem if it is  returned to  the anaerobic tank. Heat losses in 

winter would only affect  a very small percentage of farmers in 

N. Z . , namely, those on town supply in cold districts.  

The treatment advantages of the higher recycle rates a.re only 

seen for the longer residence times.  This is expected as high 
recycle at l :lw aerobic residence times produces some turbulence 



" -

1 08 

in the aerobic tank,  resulting in an increased solids discharge. 

An alteration in design could improve this feature . The da ta 

sug�ests that recycle rates in excess of 20/1 , or hydraulic 

loadings above 1 0  m3/m2_day, would  be required to  obtain adequate  

trell tment. 

( d) Treatment Efficiencies : Treatment efficiencies ob tained in the 

aerabic plant are in l ine with the literature . The optimum 

preiicted removals and discharge concentrations are presented in 

Table  8: 1 2 . The lower COD and TS removals probably reflect the 

absenc e of a sedimentation tank prior to discharge. BaD removals 

of 0. 1 3  kg BOD/m3 of filter were at the lower range of removals 

achieved with domestic sewage ( 249,  250, 273) , but s imilar to 

those obtained with dairy cattle wastes ( 81 , 247) . 

The removal of  COD per pass through the filter ( Table 8: 1 3) 

showed no significant treatment effect.  Further analysis , to 

estimate rates of  removal within the filter was not justified 

as samp les were only collected prior to the evening l oad 

( Chapter 6) . These values indicated removals after 1 0  hours of 

treatment and were not representative of  the overall operating 

conditions within the filter. 

Table 8: 1 3  also provides a comparison between COD values at  the 

bottom of the filter and the final discharge. Despite the 

presenc e of a sloughed film in the fil ter outlet , it was of a 

consistently higher s tandard than the final discharge. Th:�s was 

particularly evident at the lower residence times and high recycle 

rates . The poorer quality of the final discharge was due to the 

presence of a greater c oncentration of suspended solids and a 

mixing of treated effluent with th8 rest of  the tank liquo�. 

Some short circuit ing probably occ�red, resulting in the final 

discharge being contamir.ated with the anaerobic  outfall . 

Therefore an alteration in plant design, to allow the final 

discharge to be taken fiom the bottom of the filter, would not 

only improve the aerobic treatment efficiencies to greater than 

75% COD removal , but would reduce the significance o f  aerobic 

residence time.  If settling basins were also included , treatment 

efficiencies could be further increased. BOD data ( Table 8 : 1 4) 
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TABLE 8; 1 2  

PREDICTED TREATMENT EFFICIENCIES FOR AEROBIC 

TREATMENT USING LABORATORY PLANT DATA 

VARIABLE REMOVAL OUTPUT CONC. 

% (mg/l) 

COD 66. 0 700 

BOD 72. 0 1 60 

TS 28. 9 1 040 

VS 48. 0 550 

DO - 4. 5 

pH - 7. 29 (units) 

TEMF - 1 8  ( QC ) 

I 



TABLE 8: 1 3  

COD CONCENTRATI ONS THROUGH THE AEROBI C TREATMENT PHASE OF THE LABORATORY PLANTS 

RECYCLE POSITIOn AEROBI C RESIDENCE TIME 

RATE 1 DAY 2 DAY 3 DAY 

COD (rng/l)  % Difference COD (rng/l )  % Difference COD ( rng/l) % Difference 

5/1 3 ( 1 ) 6 1 7 768 999 

4 582 _5 . 7 ( 2) 600 - 1 1 .  5 892 -1 0 . 7 

5 1 0 1 0  73 . 5 ( 3 ) 861  26 . 6 1 1 22 25, 8 

20/1 3 785 9 1 3 823 

4 680 - 1 3 . 4 843 -7. 7  7 1 0  -1 3. 2 

5 1 1 59 70 . 4  1 1 32 34. 3 747 5 . 2 

35/1 3 758 443 557 

4 602 -20. 6 397 - 1 0. 4  535 -3. 9 

5 1 498 1 48. 8 484 2 1 . 9 655 22 . 4 



TABLE 8: 1 4  

crn{PARISON OF BOD CONC��RATIONS AT THE BOTTOM OF THE FILTER AND FINAL DISCHARGE OF LABORATORY PLANTS 

RECYCLE 

RATE 

5/1 

20/1 

35/1 

POSITI ON AEROBI C RESI DENCE TIME 

1 DAY 2 DAY 3 DAY 

BOD (mg/l) % Difference BOD (mg/l) % Difference BOD (mg/l) 

4( 1 )  86 1 26 1 37 

5 243 1 83 245 94 304 

4 1 2 1 1 33 1 20 

5 267 1 2 1  331 1 49 209 

4 1 1 1  72 82 

5 410 269 1 33 85 1 46 

NOTE: ( 1 )  P ositions 4 and 5 refer to sample collection points at the bottom of the 
filter and the final discharge respectively (Figure 6 : 1 ) .  

% Difference 

1 22 

74 

78 



emphasizes this point ,  indicating that BOD removals in excess of  

85% could be  achieved in the aerobic phase if  the final discharge 

came from the bottom of the fil ter. TS and VS result s  show 

s imilar trends. 

The pH of the aerobic discharge showed little variation and 

averaged 7 . 3 throughout the experiment .  DO concentra tion 

increased with recycle rat e  and showed no significant trends with 

alteration in aerobic residence time ( Table 8: 1 5 ) .  DO levels 

were consistently higher at the bottom of the filter than in the 

final discharge , supporting the use of the filter effluent as the 

final discharge liquor. The decrease in DO in the aerobic tank 

sugges ted significant metabolic  activity from the suspended 

flocs.  The contribution of this microbial oxidation to  the total 

aerobic treatment could not be estimated. 

8 : 4. 2 , 4) Anaerobic Influence on Aerobic Treatment -

The work of Gerrish et al. ( 3 1 4) supp orted the concep t  that anaerobic 

preconditioning enhanced aerobic treatment . I nvestigation of this 

aspect was limited because of the nested de sign of the experiment . 
Regression analysis of the anaerobic/aerobic interaction for COD and 

BOD revealed a significant interaction for f�OD removal . 

fdjOD REM = 5 1 . 205  + 7 . 465B + 1 1 . 896C + 3 . 946BC - 9 .026B2C - 3. 455AB 

The CMD equalled 0 . 76 and the regressicn was significant at 1 %. The 

AB interaction was just significant at the 5% level , and the new CMD 

only slightly improved the original regress ion ( Table 8: 1 1 ) .  The 

equation indicated that increasing the anaerobic residence from 5 to  

10  days decreased the f�OD removal over the aerobic phase. While 

contary to Gerrish et al.  ( 3 1 4) , this may be possible since the 1 0  

day residence showed an increased BOD r'emoval without a corresponding 

increase in COD reduction. Therefore, the degradable portion of the 

anaerobic COD would be reduced, thus decreasing the aerobic treatment 

effect.  The absence of a significant AB interaction in %BOD removal 

does not refu te this p ossibility as the BOD data gave consistently 

less significant predictions . 

1 1 3  

Gerrish e t  al.  ( 31 4) al s o  indicated the imp ortance of high temperatures 
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TABLE 8; 1 5  

DO CONCENTRATI ON (mg/l) IN THE 

LABORATORY PLANT DI SCHARGE 

RECYCLE RATE AEROBIC RESIDENCE TIME 

1 DAY 2 DAY 3 DAY 

5/1 3 . 69 2. 50 2. 35 

20/1 4 . 1 9 2 . 47 1 . 65 

35/1 3. m 5. 1 7  4. 1 5 

1 1 4  
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which were not acr.ieved in these experiments .  The low temperatures ,  

the lacl� o f  environmental control , and the seasonal variation between 

anaerobJ.c treatment blocks , did not allow further conclusions t o  be 

drawn 011 the influence of anaerobic residence t ime on aerobic 

treatment. 

8: 4 . 2 , 5 )  P�ediction of Treatment Efficiencies -

Predictions of treatment efficiency outside experimental l imits are 

often unreliable. The influence of other factors such as s olids 

accumulation, or the increasing difficulty of removal as treatment 

efficiencies increase ,  will contribute to variations between 

predicted and actual values.  

Figures 8 : 8 - 8: 1 1  give predicted output concentrations of COD , BOD, 

TS and VS with treatment limits of 1 -5 days aerobic residence time 

and 5/1 - 65/1 recycle rates ( 2 . 8-33. 8  m3/m2_day) . 

1 1 5 

Comparison of these predicted resp onse surface s with those obtained 

earlier (Figures 8: 1 - 8: 7) suggests that operation at a 3 day aerobic 

residence t ime and 35/1 recycle is relatively s table,  i . e . , the 

response surfaces are fairly flat through this area. This 

insensitivity to treatment varia tions around the 3 day aerobic 

residence time confirms earlier conclusions ( Chap�er 8 : 4. 2 , 3) that 

this woulJ be a suitable setting for commercial application. 

Some improvement in treatment efficiency may be obtained \vi th 
increased residence time and recycle rate ,  but �he extent of the 

increase is difficult t o  es timate from the regressions , as can be 

seen by the meaningless values determined for some of the contours . 

The conflict  between COD data ( Figure El : 8) and other values ( Figures 

8: 9 - 8: 1 1 )  cannot be explained by trea tmen t effei� t . I t probably 

reflects the instability of the extrapolated model , particular.ly at  

i ts  outer limits and in areas with s teep gradients .  

8 : 4 . 3) Solids Accumulation in  the Aerobic Tank 

A s olids analysis relative to each of the 9 aerobic treatments was 

not feasible as the aerobic tanks did not always require solids 

removal at the end of a treatment period. A record was kept of 

I 
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FIGURE 8: 9 
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FIGURE 8:  1 0  
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FIGURE 8: 1 1  

I'Ll 8 
� 
tLl H U >-< U tLl � 

C01�OUR PLOT TO PREDICT VS OUT 65/1 

50/1 

35/1 
------ � 

20/11 

5/1J I I I I I 2 3 4 5 
AEROBI C RESIDENCE TIME 

� U o 

lr\ 

1 1  

� 8 

� 'tR 
'-" 

0 0 .,-. 0 
1 1  

� 
U) p. 

\.0 



1 20 

solids re::rloved fro:n the laboratory plant aerobic  tanks when aerl)bic  

residence times were being altered for new settings . At the mi·ldle 

and end o f  the experimental f eriod the tanks were cleaned out 

completely, enabling two estimates of solids accumulation (Table 8: 1 6 ) .  

The mean TS accumulation rate of 12 . 6% TS IN provided a 56% TS 

accumulation/unit BOD removed.  This value is high, indicating � low 

soluble BOD fraction ( 265 ) ,  and the need t o  transfer the second�ry 

sludges back to t�e anaerobic tank. The settl ed sludge was removed 

as a 1 . 0% TS slurry with a VS l evel of 69% TS. 

Some gassing occured in the settled solids but this did not prevent 

the s ludge from settling (Figure 8: 1 2 ) .  The rapid settling, lack of  

odour and absence of fibrous material , made the aerobic sludges 

easier to handle than the anaerobic solids . No  problems are 

envisaged with their disposal in full scale operation. 

8 : 4. 4)  Treatment Plant Comparisons 

Table 8: 1 7  provides the average loading rates to the field plant 

trickling filter. They are similar to  those of the laboratory plants 

(Table 8: 9) . 

Table 8 : 1 8  gives a comparison between similar treatments on 

laboratory plants ) and laboratory and field plants , based  on COD and 

TS outpat concentTations . O ther data reveal similar trends.  

The laboratory plants were similar, with the �Teatest discrepancy 

occuring at a 3 day aerobic residence time and a 20/1 recycle 

setting. This variation was only 5 . 5% and was not  considered 

significant , therefore , s imilarly desibned and operated plants may be 

expected to provide similar treatment levels . 

A comparison of the laboratory and field plant data shows acceptable 

agreement between values,  except at  l ow residence times and high 

recycle rates. The 30% improvement of discharge concentration in the 

field plant was significant . Since operation at low residence times 

and high recycle rates was generally unstable,  the greater treatment 

efficiencies in the field plant could be expec ted.  The grea ter 

distances between the fil ter outlet and final discharge would give 
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TABLE 8: 1 6  

�IDS ACCUMULATION IN THE LABORATORY PLANT AEROBIC TANKS 

TS AN 

(kg) 

6. 050 

6. 670 

( 1 , 784) ( 2 ) 

TS OUT TS RllYl TS DEST . % TS IN 

(kg) (kg) ACCUM. ( 1 )  

4. 540 0. 71 5 0. 795 1 1 . 8J � 1  2 .  6 5 . 500 0. 888 0. 282 1 3. 3 

( 1 • 1 73) (0 . 627) -(0 , 01 6) ( 35 .0 )  

TS  ACOUM 
NOTE: ( 1 )  �S IN AOCUM. = X 1 00 

TS IN 

TS AOCUM. = ( TS AN - TS OUT ) - TS DEST. 

( 2 ) Values in brackets are corresponding VS 

analyses • 

1 2 1 
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TABLE 8: 17  

FIELD PLANT - DAILY AEROBI C LOADING RATES 

VARIABLE BLOCK I BLOCK 11 BLOCK III 

COD (kg/m3-day) ( 1 )  0. 656 0 . 522 0 . 520 

BOD (kg/m3-day) - - -

TS (kg/m3 -day) 0. 528 0 . 494 0. 558 

VS I / 3 ) , kg/ ill -day - 0 . 287 0 . 301 

Flow 5/1 (m3 /m2 -day) 2 . 52 ( 1 . 56) ( 2) 2. 42 ( 1 . 50 )  2 . 26 ( 1 . 40 )  

20/1 (m3/m2_day) 9. 20 ( 5. 71 ) 1 0. 42 ( 6 . 47) 1 0 . 85 ( 6 .  74) 

35/1 (m3/m2_day) 1 8. 04 ( 1 1 .  20 ) 1 8. 04 ( 1 1 .  20) 1 6 . 6 1 ( 1 0 . 31 ) 

NOTES:  ( 1 )  Loadings are based on the trickling filter volume of 1 . 635 m3• 

( 2) Figures in brackets give the flow in litre/min onto the filter. 

MEAN 

0 . 566 

-

0. 527 

0. 294 

2. 4 1 

1 0 . 1 6  

1 7. 60 

f\) \.N 
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TABLE 8:. 1 8  

RECYCLE PLANT 
RATE 

5/1 L ( 1 ) 
A 

LE 
F ( 2 ) 

20/1 LA 
LE 
F 

35/1 LA 
LE 
F 

PLANT COMPARISONS FOR AEROBIC TREATMENT 

AEROBIC RESIDENCE TIME 
1 DAY 2 DAY 

COD OUT (mg/l ) TS OUT (%) COD OUT (mg/l ) TS OUT (%) 

54 1 

547 

1 6 1 8  

1 1 38 

1 381 

1 31 2  

849 

0. 1 27 71 5 0. 1 08 

7 1 4 0. 1 04 

0. 1 55 6 1 4 0. 1 0 1  

0. 1 73 1 650 0. 232 

0. 1 44 985 0 . 209 

0. 1 87 536 0. 093 

0. 1 94 

0. 1 50 5 54 0. 1 02 

NOTES: ( r )  LA and LE are the two laboratory plants 
( 2 ) F is the field plant 

3 DAY 

COD OUT (mg/l ) TS OUT (%) 

633 0. 1 1 3 

641 0. 1 07 

885 0 . 1 55 

938 0. 1 6 1 

939 0. 1 52 

484 0. 1 90  

603 0. 1 6 1 
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improved settling, and the size of the field plant would make i t  less 
susceptible to the effect of small changes. 

Apart from operating at low aerobic residence times and high recycle 
rates , the laboratory and field plants may be considered to achieve 
similar efficiencies. 

8 : 5 )  CORRELATION OF BOD AND COD 
Regression equations to estimate BOD based on COD data did not yield 
high coefficients of determination. 

Comparison of the anaerobic outlet data gave the equation; 

BODAN (mg/l ) = 43. 448 + 0 . 280CODAN (mg/l) 

Although s ignificant at 1 %, the coefficient of determination was 
only 0 . 60 ,  making it of limited value. 

Taking aerobic discharge values and using a step-wise regression, the 
first correlation was ; 

BODOUT (mg/l) = -24. 6 1  + 0 . 305CODOUT (mg/l) ( CD = 0 . 66**) 

However, inclusion of treatment effects gave; 

BODOUT (mg/l) = 3. 940 + O . 266CODOUT + 49. 404B2C - 57. 0 1 9BC2 

( CMD = 0. 77**) 

The significant interaction of treatment effect on the BOD/COD 
correlation reduces the practical value of the regression. 



CHAPTER 9 

GENERAL DJ S CUS�:I ON 
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9 : 1 )  TOTAL PLANT TREhTMENT EFFI CI ENCI ES 
The treatment eff:'ci encies O"ver both the anaerobic and aerobic phases 

were estimated fo�� a 3 day aerobic residence time and a 35/1 recycle 

rate ( Table 9 :  1 ) .  The selection of an anaerobic res idence time is 

not critical due "::0 i ts limi ted effect on whole plant trea tmem; 

efficiencies. H01rever,  anaerobic  preconditi oning by solids rer:lOval 

and waste l iquifaeti on was bJportant in that i t  enabled satisfactory 

aerobic treatment in only 1 -3 days . 

I f  values obtained at the bottom of the filter ( Tables 8: 1 3  and 8: 1 4) 

are used instead ::>f the final discharge values ,  i .  e. , a COD of 5 50 

mg/l and a BaD of 90 mg/l , total treatment efficiencies are 92% and 

94% resp ectively. 

Under the worst conditions of low aerobic res idence times and high 

recycle rates , tr eatment efficiencies of 77-84% removal were achieved 

with BaD ,  COD , TS and VS. These values are on the lower l imit of the 

plant selec tion criteria ( Chap ter 3: 1 ) ,  indicating that the whc )le 

sys tem could maintain a reasonable treatment efficiency under "rarying 

operating conditi)ns . 

There "I'/"aS some evidence to suggest a " spring flush" vf solids from 

the triCkling filter. Data collec ted for the O c tober settings gave 

high COD , BaD and TS values through the aerobi c  treatment , 

particularly at the bot tom 0f the filter. This phenomenom is 

charac teristic of many trickl ing fil ters ( 246 ,  248, 268) bu t cau s e s  

fe w operati onal difficulties.  
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A visual appraisal of  treat�ent through the p lant (Plate 9 : 1 )  supports 

the earlier conclusion that the liquor at the bottom of the fil ter 

was of a higher standard than the final discharge. The samp les were 

agitated prior to photographing to show the presence of suspended 

solids.  The qual ity would te fu rther improved i f  the floc was 

s ettled. The colour, due tc- chlorophyll p igments ,  could not be 

completely removed. The abcorbance ,  at 680 nm ,  of the final discharge 

was decreased by only 20% aft er passing through No. 1 Whatman fil ter 

pap er. H i gh speed centrifue:ation was :.:'equired for any further 

decrease in abs orbance .  



1 28 

TABLE 9; 1 

ANAEROBIC/AEROBIC TREATMENT EFFI CI ENCIES 

P ARAJI1ET ER UNIT R.AW WASTE FINAL % REMOVAL 
INPUT DISCHARGE 

COD mg/l 6 , 599 700 89 

BOD mg/l 1 , 505 1 60 89 

TS % 0 . 7 1 7  0. 1 04 85 

VS % 0 . 490 0. 055 89 



PLATE 9: 1 Visual apprais al of dairy shed e ffluent during 

t rea tment . ( Numb ers c o rresp o nd to tho s e  given 

in Fi gure 6 : 1 )  
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? :  2 )  NIT?OG E;: \J."JALYSI S 

9 :  2 .  1 )  N i  t r,?- v e  N i  t rofen 
Insp e c t �  Cl"!. of date. i n  Tabl e  App . V :  2 shows n o  anaerobic block e f f e c t  
o n  N0

3
-F . P o o l ing b l o cks , and a ttribu t ing a n y  treatment effec t  t o  

the acrotic phas e ,  Table 9 : 2 summariz e s  the N0
3

-N data. The +.. r ends 
refl e c t  those ob teined by o ther workers ( Chap ter 2 : 5 . 4 , 5 )  in that 
n i  trifi cat ion increased with increas ing BOD remova l .  The effe c t  o f  
i nc reasj.:cg recyc l e  i n  increasing n� tri f i cat i on i s  no t typ i cal , a s  the 
greater c omp e t i t i on of he te ro trophs w a s he d  d e ep e r  into the f i l t e r  
wi th th� high e r  fl ows general ly d e creas es au t o t rophic a c t ivity ( 79 ,  

254) . �he high DO  l evel s and the moderate hydrau l ic l oad ( d e sp i te 
the hig;1 recyc l e  ra t e s ) p robabl y  offs e t  this tre�d and , in fa c.; t , 
i mp r ove ,l -::ond i  t i ons f o r  n i tr i f i c a tion w i thin the f i l ter. Aer a t i o n  
p e r i od �ad l i t tl e  e ffe c t  on ni trifica t i on. 

The N0
3

-F d i sc ha rge concentrat ions of 1 6-60 mg/l showed a 7-2 3  fold 
increa s e  over the raw e ffluent . Whil e an inc reas e was exp e c t '3d from 
theore t i c '3.1 co ns i dera t i ons , this l evel of N03-N may make the final 
dis charge unac c ep -cabl e  fo r natural wa t ers . * H m-veve r ,  h i gh remo va l s  
o f  o ther fa c t o rs (Tab l e  9 :  1 )  sugge st that the efflu ent would rJ e 
sui tabl e for re cY'.:!l ing in the dai ry shed to c l ean holding yards. 
Thi s '.vo � 1 1  enabl e p e ri od i c  d i s char§;e tc land of "1 .  101'1 s o l i d ,  i.J.igh 
nu trient l iquid. The l im i t e d  volumes invo l ve d  ',vould m inimiz e runoff 
and inf i :  t rat i on ( Chap t er 2: 3. 3) , labuur requ i r e''1ents and maintenance .  

9 :  2 . 2) Amm oniacal N i,tr ogen 

N o  c l e a r  t rend s are evident in the NE -··N data . The intera c t i on 4 
b e tweer: the anaerob i c  and aerob i c  pha s e s  does n e t  al l ow the f inal 
dis charge c onc entra t i o n  to b e  at tribu ted to any particular trea tment . 
The N1I

4
-N c onc entrat i o n  ranged from 5-50 mg/l ,  p r oviding anything 

from a 50% inc reas e  to a 70% d e c rease by comp a ri s on wi th the raw 
was t e .  

-J(- 'rherc �lre n o  regu la t i ons c o n t rol l ing the d i s charge of N o r  .P a t 
p resent.  How' e ver, tileir i ntrod u c t i on in the near future S e e:ll8 

inevi tabl e .  



TABLE 9: 2 

N0
3

-N DI SCHARGE CONCID�TRATI ONS RELATIVE TO AEROBI C TREATM�fT FOR LABORATORY PLANT S 

Aerobic R e s i denc e T ime 

Recyc l e  1 Day 2 Day 3 Day 

Discharge (mg/I ) % Increase Dis charge (mg/I ) % I n crease Discharge (mg/I ) % Increase 

5/ 1 2 3. 1 6  1 430 1 6 . 1 3  629 1 5 . 72 670 

20/ 1 64. 86 1 62 1 37. 1 5  899 49. 25  1 1 2 1 

35/ 1 45. 38 1 1 99 24. 43 865 6 1 . 72 2237 



9 : 2 . 3) Kjel dahl N i trogen 

Tab l e  9 : 3 shows an increase in TKN removal with increasing anaerobi c  

resi dence time. �his may be a treatment effe c t  but is more likely t o  

refl e c t variations between b l o cks , a s  there i s  no i nd icat i on that 

discharge c oncent�a t i ons of TKN show a s imilar trend. I ncreasing 

recycle rates gave a s l ight increase in TKN removal which woul d b e  

partly due t o  the increase i n  N0 3-N. Average TKN dis charge 

c oncentra t i ons ranged from 60-70 mg/l wi th 65-70% o verall r emova l .  

DKN , l ike NlI4-N , shows no cl ear trends with variat ion in trea tment .  

Discharge values of 30-50 mg/l gave 50-70% removal.  

9 : 2 . 4) T o ta� N i t r og�h 

The removal of TN and TDN was not as great as the TKN and DKN values 

suggest , due t o  the increase in N 0 3-N . Taking the average raw 

efflu ent values ( Table 8: 1 )  and mean dis charge figures , the treatment 

e ff ic i encies for all N fractions can b8 estimated ( Tabl e 9 : 4) .  
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The h i gh TPN removal would p robably have been achieved with s ol i ds 

s e t t l ing in the anaerob i c  tank. The 36% TDN removal may have result e d  

from a comb inati o:J. of gaseous l o s s e s  ir. the anaerob i c  tank and 

mic robial growth ( s ec ondary s ludge ) reffioval in the aerobi c  phase.  

Compari s on o f  the mean and op timwn c onc.i tions i�l Table 9 :  4 ind i cates 

the change in N fracti ons a t  high aerobic residence t imes and recycle 
ra t e s .  The effect of trea tment o n  all N forms , excep t  N0 3-N , is 
smal l , sugges t ing tha t N03-N i s  the wa:'n N fra c tion requ iring further 

moni ta ring. 

9 : 3 ) PH OSPHORUS ANAL YSI S 

I nve stigation o f  the effect of trea tment on pho sph orus removal 

revealed no signifi cant trends .  DIP c oncentrations of 1 5-2 5  mg/l in 

the discha rge gave a 2-7 fold increase by c omparison wi th the raw 

was t e .  TDP followed a s im ilar trend bu t showed a l ower, 0. 8 to 5 . 0  

fold , inc rease during treatment .  D is charge TP ranged from 1 8-30 

mg/l , a 20-45% d e c reas e .  

Tab l e  9 :  5 p rovi des meaned valu es of inpu t and ou t�Jut data. The large 

dec rease in TPP c orresp onds w i th the TPN da ta and probably refl ects 

s o l i ds sed imen tat i on.  Large incre a s es in DIP and TDP parallel the 



'r'ABLE 9: 3 

Recycle Block 1 Day 

Discharge ( mg/I) 

5/ 1 I 56 . 6 

I T  67 . 0 
III  67. 9 

20/1 I 64. 0 

II  70. 0 

III  65. 0 

35/ 1 I 83. 2 

I l  82. 0 

I I I  85 . 3 

TKN RElIWVAL FOR LABORATORY PLANTS 

Aerobic  Residence Time 

2 Day 

% Decrease Discharge ( mg/I )  % De c rease 

-42 . 7 74. 2 -24. 9 

- 06 , e 5 2, 6 -6G . 5 

-72 . 2 60 . 6 -70 . 9 

-70. 0 34 . 0  -63. 1 

-72 . 7 86 . 0 - 58. 5 

-73. 1  97. 0 c. o  1 - v u .  I 

-61 . 0  2 1 . 0  -77. 2 

-68. 0 30 . 4 -78. 0 

-65 . 9 36 . 4 -85 . 1 

3 Day 

Discharge ( mg/I )  

82. 5 

83 . 8 

65 . 4 

23 1 . 2  

34. 0 

48. 4 

64. 8 

46 . 0 

38. 0 

% Decrease 

1 . 2  

-59 . 5 

-68. 6 

-35 . 8 

-75 . 4  

-8�.J 1 

-20 . 1 

-76 . 7 

-84 . 9 I 
\.>.l 
\.>.l 



TABLE 9: 4 

ANAEROBI C/AEROBI C TREATr.1ENT EFFECT ON NITROGEN CONCENTRATI ON S, 

IN LABORATORY PL ANTS 

Raw Mean CO�ldi tions Op t�um C onditions ( 1 )  

\tlas te 

Discharge Difference Discha rge Difference 

( mg/l ) ( mg/l ) ( %) ( mg/l ) ( %) 

-

NO -N 3 2 . 9 35  1 1 07 ( 1 2  fold)  45 1 452 ( 1 5 fold) 

IifH4
-N 26 . 4 20 -24 1G -39 

TKN 205 65 -68 60 -7 1 

DKN 1 1 5 40 -C� .:z; .-./ 0  -69 

rl'DN 1 1 8 75 -56 81 -3 1  

TN 208 1 00 -52 1 05 -49 

'l'PN 90 2 5  -" (2 24 -7) 

NOTE: ( 1 )  Op timum c ondi hons are h i gh �.erobic res idence times and 

high recycle rate . 
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TABLE 9; 5 

DIP 

TDP 

TP 

DOP 

TPP 

ANAEROB1 iJ!AEROBI C TREATMENT EFFECT ON PHOSPHORUS 

CONCENTRATIONS IN LABORATORY PLANTS 

Raw Effluent Discharge Difference 

( mg/l ) ( mg/l) (%) 

4. 5 1  1 8. 60 31 2 ( 4 fold) 

6 . 49 20 . 94 2 1 3 ( 3 fold) 

35 . 20 24. 06 -32 

1 . 98 1 .  74 - 1 2 

28. 71 3. 72 -87 
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N0 3-N trends and would be o f  c oncern if the effluent was discharged 

into a water c ourse. 

9 : 4) P OLLFTI ON LOADS ON NATURAL WATERS 

Applying the total plant treatment effi c iencies ( Tables 9 : 1 ,  9 : 4 ,  

9 : 5 )  t o  the daily p ol lution l oads from the dairy shed ( Tabl e  8: 2 ) , 

the l o�dings into a natural wat e r  c ourse may b e  cal culated ( Table 

9 : 6 ) .  

The BOD and VS l oadings are m inimal and c ould be reduc ed t o  0 . 005 kg 

BOD/c 01..,-day and 0 . 024 kg VS/c ow-day if the l i quor at the bottom o f  

the fil ter was d i scharged. T he increased c oncentrat i o n  o f  d i s s olved 

N and P c oul d cau s e  eutrophi cat i on desp i t e  the l ow t o tal l oads.  

Periodic land app l i cation, in association with hydrau l i c  recyc l e ,  

would a l l eviate the probl em. 

9 : 5) PLAl'-JT OPERATI ON 

9 : 5 . 1 )  L oad ing and Daily Maintenance 

Manual l oad ing of the fi el d and laboratory p lants required 

approxima t ely 1 hour p er day. Gravity-feed in a c ommercial 

instal lation woul d remove thi s  labour requi rement . Daily 

maint enance ,vas minimal and c omprised c l eaning an occa s ional b l o cked 

anaerobi c tank o'.l. t l et and fix ing pump breakdowns . 

9 1 5 . 2) Lump P erformance P roblems 

The Mono CP 25 had li tUe difficuH;y in pump ing 5% TS slurrie s  

removed during anaerobic tank c l eaning. The pump had a high \vear 

rat e  and al though it was only used twi ce daily for loading, and 

once every 1 -2 months for anaerob ic tank cl eaning, 6 s t ators and one 

rotor were replaced during the 1 5  month exp erime�t . This 

maintenanc e  would have been greater if a 50% decreas e in flow had 

not been tol erated prior t o  replacement . The high rot o r  spe ed 

( 1 , 400 rpm )  was the primary reas on for the v/ear. Decreasing the 

pump sp eed to 300- 500 rpm, v,hi l e  increasing the pump s iz e  required,  

woul d s igni f icantly reduc e maintenanc e .  On three o c ca s i ons 

op eration problems ( failure of p robe swi tches and a froz en d e l ivery 

line )  w ould have c on tribu t e d  t o  the wear ra t e .  
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TA��.LE 9: 6 

P OLLUTI ON LOADS ON RE CEIVING WATERS 

AFTER TREATM ENT ( 1 ) 

Parameter Load 

( g/ cow-d.e.y) 

COD 36 . (: 

BOD 8. 0 

T S  54. C 

VS 27. :"" 

NO -N 
3 

2 . 266 

NB -N 
4 

0 . 91 1 

DKN 1 . 783 

TKN 2 . 973 

TDN 4. 0GS 

TPN 1 . 2 1 5 

TN 5 . 302 

DIP 0. 904 

T DP 0 . 975 

DOP 0. 087 

TPP 0 . 1 87 

TP 1 . 1 97 

NOT E: ( 1 )  Aen) oic treatment len:Jls  of 3 day resi dence 

and high recycle ['ate ( mean of 20/1 and 351� 

s et tings) were S l" !. ec ted. 

1 .... ·r·· ' ..J i 
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The two !�bber impeller pumps used for the trickling filter recycle 

in the f�eld plant were replaced after 5 months . The continuous duty 

caused the rubber impellers to either take a permanent " set" or 

completely disintegrate.  Some impellers lasted less than 4 weeks. 

The 1 40mm double ended diaphragm pump driven through a reduction box 

was reliable . The only maintenance required was an oil change in 

both units after 5 months of operation. 

The variable speed DC motor gave few problems . Four sets  of motor 

brushes and one controller diode were replaced du�ing 1 5  months 

continuous duty. 

The Hug-hes variable stroke piston pump was almost maintenance free. 

The chevron packing, which provided the p iston seal , was tightened 

on two occasions . However, the Cole-Palmer pisto� pump on the second 

laboratory plant was not so reliable.  The teflon sealed p iston was 

rep laced by a leather cup washer and the main dri7ing gear was 

replaced twice. 

9 : 5 . 3) Line Blockages through the Treatment Plants 

The ma�n problem occured at the anaerobic outlet.  The floating 

fibrous mat bound around the discharge pipe ,  redu�ing flow rates . 
Baffle� were placed in the laboratory plants which reduced,  but did 

not eljminate, the problem. The field plant was less suSceptible to 
blockage at the anaerobic discharge as a result  of the larger pipe  

siz e. 

To redvce the solids load on the fil tel' , and the possibility of 

recycle line blockages , inlets to the �ecycle pump were screened 

through a 2mm mesh. The screen was also required in the field plant 

to stop leaves , which were blown into -:;he tank, blocking the inlets.  

The screens acted as a support for the microflora and required 

fortnightly cleaning with a water j e t  to avoid blocking. Cleaning 

was pa�_·ticularly important at the higher flows . Increasing screen 

area and mesh size would reduce the maintenance required without 

affecting p lant performance.  

The recycle lines in the laboratory plants were flushed every 3-4 



weeks . T 2e field plant recycle lines were cleaned on 4 occas:,.ons . 

Little effort was involved. 

The rotary tipping bucket required no maintenance and there were no 

filter blockages . 

9 : 5 . 4 )  Solids Cleaning 

1:59 

Anaerobic solids from the laboratory plants were removed mechanically 

and hydraulically" The surface mat , having a high fibre and TS 

content , was lifted off the top of the tank with a metal tray. 

This procedure miaimized the volume to  be handled. The settled 

s ludge was pumped  out using a 0 . 2 kW Mono MS pump . 

The surface solids in the anaerobic tar,.k of the field plant were 

pumped out (Mono GP 25 )  after being brc.ken up and diluted. These 

solids formed a thick fibrous mat with a sealed, sun bleached surface 

(Plate 9 : 2 ) . Reconstituting this material for hydraulic removal 

would  be expensive and time consuming on a commercial unit. I ·� is 

envisaged that its fibrous nature would allow mechanical removal and 

land d j sposal. Settled sludges were removed via �he 50mm drain pipe .  

All aerobic sludges were removed as a pumped slurry. 

The complete cleaning procedure for the three plants , including 

sample collection and measurement , required '7 hours . A full scale 

uni t wc'uld requi re apprOXimately one days la bour for solids cleaning. 

The frequency would depend on design. 

The only time any significant odour was detected  was during cleaning. 

A slight odour could be detected adj acent to the aerobic inlet  of the 

field p lant. A submerged inlet would eliminate this .  

9 : 5 . 5 )  EJ-ant Scale Effects on Operation 

The inubility to  scale particle  siz e and effluent c omposition 

produced problems with small scale operation. Although the 

labora�ory plants gave equivalent treatment efficiencies, the small 

size of pumps ,  feed lines and fil ter media required greater 

attention. 
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PLAT E 9 : 2 So l id c ru s t  on field p lant anaerob i c  tank. 



The sca� .e increase from the field plant to a full siz e unit should 

further reduce maintenance problems as �)roportionately larger 

e�uipment may be used. 

1 4 1 
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CHAP T ER.  1 0  

CONCLUSIONS 



; ) ; i .. ):·T�;:. . .. :::;H fi:D EFFLU ENT 

( a) Th ,> :laily composition of dairy shed effluent fluctuates yridely 

'tl".. ' . , standarl deviations up to 35% of the mean (Appendix J) . 

( b) Seasonal variations in the raw effluent were observed bl, � ar'':: 

considered to be of little  conseq'(;.ence (Appc� lldix VII ) .  

( c) P o llution l oads from the dairy shed averagtc 0 . 075 kg BOD/ :� ow­

day and O . 36J kg TS/cow-day (Table 8: 2 ) . 

( d) Satisfactory predictions of; COD from TS ,  .'J from COD ,  \'S from 

TS fmd DKN from TKN may be made for dairy ::;·��·:;d effluent :, Table 

1 0 : 2) ANAEE OEI C TREAnlEH'l' 

(a )  Loaji ng rates o f  0 . 6 3- 1 . 35 kg ;OD/m3 -day E::..: 0. 0 . 67- 1 . 36 k � TS/ 

m3_day have little effect on ; cm  and TS t'e Clval s ,  givin�'  an 

avc l'age of 71 % for both. BOD �emovals if; ! ' ';ase from 50:1 to 77% 

as �he load i ng rates decrease wi th the g:�&test increa: � 

1 4 3 

o f : -: ' , ri ng at load2.ngs of  0 . 1 4  :> '_" 'l?CT)/m3_day, L e . ,  when " 'laerobic 

ref; 1. d e n c e  times rise to  1 0  dG. :; . 'l'he pH a i Fn remain ; . table 
i:n',_'sp c; c t i ve of treatment ,  ab� a v erage 7 . 0 .:md - 50mV r (�L' !,) e c t i vely. 

3 SJt., ·J.ge uc cumulation ra t e s  rm; " ,: �'::::vm 0 . 005(. - 0 . 0071 m '.<:.g TS I N .  

Sol ..L ds loading and accUIDulatL:m rates are " ons idered to  be the 
pri':lar) design fac tors for anctc I'ob i c  tanks l'ecei ving dai ry shed 
e f:.'l uc;nt.  

( 0 )  �lu !lge cleaning ruay be de laye d un�il the moan hydrauli c residence 
t i m-J lH ; b e en redu c e d  to 3-5 day s .  

Tl.,._ fl o a t ing- sol i ds form a thlck fi brous mat which may l.�  

rCP. · 1; e , ;  mechanically and disposed to l and. 

in .,cal e .  
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1 0 : 3 )  A EROBI C TREATMENT 

( a )  I n  . .; reasing aerobi c residenc e  t ime from 1 -3 days , an d  incrE-as ing 
3

/ 2 hyuraulic loads t o  the trickl ing f i l ter f rom 2 . 8- 1 8. 2 m D' -day, 

improves aerobi c  treatment . The removals of 43-73% BOD, 4·2-6b,% 

CO] and 1 9-29% T S  a re sat i s fac tory. 

( b) Al t erat i ons to allow final d i scharge directly from the bot t om 

o f  the fil ter, rather than f rom the aerob i c  tank, w i l l  imp rove 

t reatment effi c ienc ies giving up to 85% BOD removal . 

( c ) I ns ens i tivi ty o f  treatment efficiency t o  minor al terations in 

op erat ing c ondit i ons at app rox imately 3 days residenc e  tiQe and 

1 5-20 m3/m2 _day hydrauli c  l oad sugge sts that these s et tings are 

sui table for c ommercial ope ration. 

U n0 t able op erating c ond i t i ons occur a t  l ow aerobic residenc e 

t h e s  and high hydraul i c  l oa d ings . 

( d) Sol i ds accumula t i on up to 1 3% 'fS I N ,  o r  5 5%/unit BOD removal , 

is high and requ i res c onsid eration in aerob i c  tank design. 

( e ) Th8 1'e is soma evidence to sugge s t  that increasing anaerob i c  

res j  denc e t im e  d e c reases the �� COD removal in the a e robic p hase.  

( f ) Variation in scale has l i t t l e  e ffec t on aerobic t reatment 

e ff i c i ency , 9xcep t under uns table operating c onditi ons where 

l a reor' scale uni t s  give improved p e r formance. 

( g) CCD is no t a good indicator of BOD for treab�d l iqu o r  be,�au s e  

o f  s trong t reatment interac t i ons in the rela�ionship . 

W :  4) T OTA L PLANT OPER ATI ON 

( a )  Si Ylgl e tank ana e rObic/aerobi c  t reatment is unsatisfa c tory due 

to s o l ids accumu lat ion. Anaerobi c trea tment in a s epara t e  tank 

p r i o r  t o  trickl ing fi1 ter aera t i olc is m ore su i tab l e .  

Re'lloval s o f  85-89% for BOD ,  C O D  aLd 'l' S may be obta ined w ith 

this tw in tank anaerObi c/aerobic t reatm ent sys tem. Values up 

t o  94�� removal would be exp e c t ed vd th minol' al tera t i ons in 



def, . ..:SU. The brownish/green ccloura tion of ·�he liquor ,:; , not 

be �Qtally removed. 

( b )  To tal nitrogens were reduced by approximately 50% with thu 

gL'eutest contribution coming from a large decrease in TPK . 

1 45 

I n  the case of N0 3-N , concentrations i ncree sed 1 5  fold with 
treatment , giving a final discharge o f  approximately 45 mg/l. 
Discharge DIP concentration of 1 8. 6  mg/l was 4 times  that of  

the raw effluent ,  though TP had a 32% decrease during treatment . 

( c ) P oJ. :.ution loads after treatment of 0. 008 kg BOD/cow-day and 

0 . 054  kg TS/ cow-day are accep tabJ.e . However, N0 3-N o f  2 . 266 g/ 
c ow-day and DIP of  0. 904 g/ cow-day may cause some concern if 

discharg�d to a water course .  

Recycled liquor would be  suitable f o r  yard cleaning foll owed by 

intermi ttent land disposal . 

( d) N.i !limUlll mair.tenance and operational requirements ,  in ass o�iation 

l'li tlt accep table treatment effi ciencie s ,  suggest  that this 

anaerO bic/aerobic treatment sys teo would be suitabl e  for dairy 

shed p ollution abatement . Pe �iodlc cleaning of the anaerobic 

t�L'.: is the maj or operational problem. 



CHAP T ER 1 1  

AE£tA'rT ()N TO T H E  N . Z .  DAI l\Y I NDU S'I'.�:Y 

, " 
c 



1 1  : 1 )  DESI GL OF A F'TJLL SCJ\..LE ANAEIWBI C �AEROBI C TREATI{SNT PLANT 

The d.e s ign of an anaerobic/a erobi c treatment p lant for a 250 ..;ow 

fac tory supply dai ry shed is p r esented in Appendix VII I . 

AnaerobL � tank volumes were s e l e c ted t/) p rovi de a 2 year sludge 

remova1 frequ ency. A 4 day aeration p ari o d , while higher than that 

u s ed in this s tudy, allows f o r  s ome de,:: rea s e  in residence t ime due 

to sol �_ds ac cumula t i on. The tri ckl ing fil ter is 2m high and 4m 

square and requi res a 0 . 25 kW motor to p ower the recycle pump _ 

2 
The cOHr l e t e  treatment plant would occupy 1 , 1 00m , a large 

prop o r :�ion of whi c h  is taken up by the embankments (F i gure 1 1 :  1 ) • 

1 1 :  2 ) PERFf JR]\WiJCE ATiJ) OPERATI ON OF THE TREATMENT PL_.\l,\T 

T otal dD.ily and annual p ollu t i on l oads , a fter trf,atmen t ,  are 

p resented in Table 1 1 : 1 .  The two fact ors that c ould cause c oncern 

are th� level s of T S  and d i s s olve d  N and P .  The low BOD and the 

l im i t e d  effect of fil tration on the atsorbanc e of the d ischarge 

( Chapt e r  9 : 1 )  sugge s t  that the greateE t p roportion of the TS would 

be dissolved. The COD levels are of l i t t l e cons equenc e when 

cons id ere d in ass o c iation with BOD. 

The ap_�u 8 1  dissolved N and P fractions of the discharge woul d 

provi de the fertil i z er value o f  approYima t e ly 600 kg urea ard 850 

kg sup 2r-phosphate respectively. The e ff e c t  of thi s N and P on a 

water course woul d dep end on dilu t i on rat i o s  and res i dence -time. 

To ! l ti :i_ l � o  these nu t.cients and avuid �my €Ju trorlii ca t i on,  th<: aerobi c 

l i quor :u.ay b e  1:lpp lieu t o  the land . Intermi t t ent disp osal may be 
achi 8v , . d by c oupl ing the re cycl e pump into a sIJray disposal sys tem , 

or by e.l.l owing the final d i s c harge to be r e lea�'ed over a b order 

dyked area. There fore , dilu t ions by -;;he recei ving wa ter, or land 

app lica tion, would eliminate any p o ss�ble p roblem w i th N and P .  

Colour may b e  o f  c onc ern i f  the effluent i s  discharged into a water 

cours e ,  bu t wi t.r.. a volume of only 17.5 m
3/ day s tream dilu ti on would 

mi nirni., '" any effe c t .  

O p erati onal requ irellients are minimal and w ould includ e  peri odic 

insp e c t i on of tLe rt; cyc le pump an·";' dis tribu tor. Solids remv'al 
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TABLE 1 1 : 1 

! 
! • 
l 

DAILY AND ANNUAL POLLUTION LOADS DISCHARGED FROM AN 

ANAEROBIC/AEROBI C TREATMENT PLAnT RECEIVING EFFLUENT 

FROM A 250 COW FACTORY SUPPLY DAIRY SHED 

Parameter Tohl Load 

kg/day kg/year 

COD 9. 00 2520 

BOD 2 . 00 560 

TS 1 3. 50 200 

VS 6 . 75 1 890 

N03,-N 0 . 57 1 59 

NH -N 4 0. 23 64 

DKN 0. 45 1 25 

TKN 0 . 74 208 

TDN 1 . 02 285 

TPN 0 . 30 85 

TN 1 . 33 371 

DIP 0 . 23 63 

TDP 0. 24 68 

DOP 0. 02 6 

TPP 0 . 05 1 3 

TP 0 . 30 84 

1 49 



every two years would take approximately one day. The total solids 

removed would be 20 . 7 tonnes TS which illay be  disposed onto less 

than 1 ha of land. and preferably ploug'a.ed down. 

The lack of raw effluent du:·�ing winter is not considered to be a 

problem as decomposition of the aerobic sludges would continue to 

provide a nu tri ent source.  Should the recycle pump be shut off, the 

fil ter would dry out but ra�id film establishment once normal 

operating conditions are resumed would minimize any effect on to tal 

plant treatment. 

Selection of a larger recyc le  pump wovld allow the l iquor to be 

recycled to the she d for yard cleaning if  desired. 

1 1 : 3 ) CAPITAL AND OPERATING COSTS 

The capi tal cost of  c onstructing a full scale treatment plant would 

be approximately $3 , 700 (App endix VI IJ ) .  

The inl et/outlet s tructures , power supply and much of  the labour 

costs would remain unaltered for larger s cale operation. This 

aspect , al ong with greater savings in land area compared to lagoons , 

favours the use of trickling filter aeration in larger units or 

where land is at a premium. 

Operating costs of $600/year are not excessive ( App endix VIII ) . 

This costing, in assoc iation wi th the treatment efficiencies , 

minimli.m maintenance and the small land area required ,  suggests that 

anaercbic treatment followed by trickling filter aeration is a 

viable al ternative to spray disposal and lagooning. 

1 50 
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'�HAPTER 1 2  

RECOMMENDATI Ofi:.§. 



I )  lVlOlLL tor�ng of dai ry she d  was t e  should continue to c onfirm: 

( a) T} .6 extent and signi f icance of s easonal flu c tuations . 

( b) IrO e  influence of the milking rou t ine and milking machi ne 

c leaning p r o cedures on effluent comp o s i  tio:Q. 

( c ) The ac curacy of the COD/TS ,  BOD/COD , VS/TS and DKN/TKN 

::'ela ti onships .  

n) Further i nvestigations i n t o  s ol ids hand l i ng and decomp os i ti on 

shou l c  concentra t e  on: 

( a )  The advantages of se dimentation and anaerobic d i gestion 

versus o the r forms of s o l id/l iquid s eparation and t reatmen t ,  

e . g. ,  comp o s ting. 

( b) I·Techani cal methods for s olids removal from the anaero �j_ C!  tank 

surface and subsequent disp osal onto the land. 

( c) The influence of s ludge removal frequency on TS des tru c tion 

in the anaerob i c  tank. 

1 1 1 )  Tri c kl ing fil ter s tudies should determine : 

( a )  The influence of anaer o b i c  residenc e  t ime on r emoval �ates 

in the fil ter. 

( b )  'l'he ab ility of the fil t e r  t o  rec oup erate aft e r  p eriods of 

minimum l oad ing, e . g. ,  whi l e  the herd is not being milked.  

( c ) 'l'11e advantages or disadvantages o f  u s ing p las t i c  rather than 

s t one media. 

IV) I t  i s  sugges ted tha t a ful l  s cale anaerobic/aerobi c treatment 

plant us ing trickling fil t e r  a eration be ins talled to enable these 

aspe cts to b e  s tudi ed , and to e s tablish: 

( a) The p e rformanc e ,  ec onomics and operati onal probl ems ef a 

c ommercial uni t .  

( b )  The feas i b i l it y  o f  recycl ing the a erobiC! l iqui d  fo r yard 

cl eaning, �.,i th interm i t t ent discharge to land. 

1 5 2 



APPENDIX I 

REPORTED CHARACT ERI ST I C S  OF DAIRY SHED EFFLUENT 



I :  1 )  EFFLD EN'r PRODUCTI OI\" P ER COW 

The characterist ics  of effluent produced per cow per day are 

dependent on; 

( a) The feed: e. g. , the roughage content 

( b ) The animal : e. g. , i ts  size,  breed and physiol ogical state 

( c ) The envirorunen t :  e .  g. heat s tress or maltreatment . 

Sampling and analytical difficulties further affect the values 

obtained ( 6 ,  1 09 ) . 

AL l 

A s election of data reported in the literature is  given in Table 

App . I : 1 .  The values shown are the range and means from all 

references cited and as such do not refer to any specific paper. 

They are mainly based on American work with housed animals ,  many of 

which were receiving high energy, low fibre diets .  

Tables App . 1 : 2 and App . 1 : 3 are given for comparison and are t&ken 

from Bryant ' s  nutritional studies with cows during various sta ges of 

lactation under N. Z .  condit ions ( 202) . 

1 : 2 ) DAIRY SHED EFFLUENT P RODUCTI ON 

The only effluent causing concern is that produced at the shed 

during milking and routine s tock work. I n  addition to the animal 

excreta ,  there are so il and milking machine washings ( 1 1 3 ) .  

These }.Jcllutants are discharged through a common outlet with large 

volumes of dilution water. 

The p011ut ion load per c ow-day froIll tlle yard has been estimated to 

be 2- 1 0�b of  daily cow effluent production ( 3 , 7) . These estimates 

are based on the quantity of  dung and urine dep osited on the yard 

being proportional to yarding time ( 3 , 7 ,  1 1 4) .  General surveys 

indicate that volumes range from 1 5-70 l itre/cow-day ( 7 , 1 1 1 ,  1 1 6 , 

1 1 7 ) , � j th case s tudies giving up to 95 litre/cow-day ( 1 0) . The 

resulting dilution ratios range from 4: 1 to 45 : 1 .  

The volume of effluer,t is directly influenced by the milking routine , 

e . g. ,  the water used i n  udder and cup washing, and the design and 

operation of yard and p lant cleaning systems . High pressure hoses 

and reverse flow cleaning, while rl")ducing the labour input ,  have 



'l' ABLE APP . :!. :  1 
WASTE PRODUCTI ON P ER COW PER DAY ( 1 ) 

Parameter Unit Range Mean 

Volume l i tre/cow-day 23-55  40 

Mass kg/cow-day 23-55  40 

% body weight  7- 1 0  8. 5 

Total soli. ds (TS) % wet weight 9- 1 7  1 2  

Volatile solids % TS 70-00 78 

Faec es/v.rine % 60/40 - 75/25 65/35 

BOD kg/cow-day 0 . 5 - 1 . 2 0 . 8 

COD kg/cow-day 0 . 5 - 2 . 8 2 . 4 

COD/BOD - 1 /1 - 6/1 3/ 1 

Nitrogen kg/ cow"-day 0 . 06 - 0 . 1 9  0 . 1 3  

% TS 2 . 7 - 4. 0 3 . 2 

Phosphorus kg/cow-day 0. 04 - 0 . 1 0  0 . 06 

% TS 0 . 5 - 1 .  1 O . B 

Potassi'.lID kg/cow-day 0 . 07 - 0 . 1 6  0 . 1 1  

% TS 0 . 8 - 3. 0 2 . 4 

Calc ium kg/cow-day 0 . 05 _ 0 . 08 ( 2) 0 . 06 

% TS 1 . 0 - 1 . 6  1 .  1 5  

Magnesium kg/cow-day 0 . 0 3  - 0 . 04 ( 2 )  0 . 03 

% TS 0 . 6 - 0 . 76 0 . 70 

Bacteria number/ g wet Col iform 4. 5 x 1 05 
faeces 

1 07 Enterocucci 8. 0 x 

( 1 )  l1e':" t:r-ences used in compiling table :  - 2 ,  3 ,  7 ,  43,  44, 58, 60 ,  

88 , 94 , 95 , 1 0 3 , 1 1 6 , 1 1 7 , 1 1 9 , 20 1 .  

( 2 )  Es t j rllated from % T S  values. 

AI : 2  
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TABLE APP . 1 : 2 

QUANTITI ES OF WASTE PRODUCED FRON COWS PED 

PASTURE OR SIlIII LAR RATIONS 

--

Feed Parameter Faeces Urine li'aeces + J rine 

Pastl.l re Wet weight 
( kg/cow-day) 

29 25  54 

Dry weight 
( kg/ cow-day) 

3. 1 9  1 .  1 8  4 . 37 

;;6 T S  1 1  4 . 7 8. 1 

O ther Wet weight 24 1 6  40 

Rations ( kg/cow-day) 

e .  g. Dry wei7ht 3. 36 0 . 75 4. 1 1  

Maize ( kg c ow-day) 

Silag'_� % TS 14 4 . 7  1 0 . 3 



TABLE APP . I :  3 

CHJillACTERI STI CS OF WASTE PRODUCED BY COWS FED PASTURE OR SnULAR RAT I ONS 

FEED ELEMENT 

Pas ture N 

P 

K 

Ca 

Mg 

Other N 

Rat i o!: P 

e .  g. K 

Maize Ca 

Silage Mg 

FAECES 

kg/cow-day 

0 . 1 0 5  

0. 023 

0. 049 

0. 072 

0. 02 1 

0 . 081 

0 . 0 1 6 

0 . 033  

0. 034 

0. 01 3 

% of TS 

3. 30 

0 . 73 

1 .  55 

2 . 26 

0. 66 

2 . 40 

0. 48 

0. 98 

'i . 0 1  

0. 38 

- ---

, _r 

URINE FAECES + URINE 

kg/cow-day % of TS kg/cow-day % of TS 

0 . 1 35 

0 . 002 

0 . 263 

0 . 002 

0 . 003 

0 . 099 

0 . 001 

0. 1 31 

0. 002 

0. 003 

----------- - ---

1 1 . 49 0 . 240 

0 . 1 7  0 . 025  

22. 38 0 . 3 1 2 

0. 1 7  0 . 074 

0. 25  0 . 024 

1 3. 20 0 . 1 80 

0 . 1 3  0 . 0 1 7 

1 7. 47 0 . 1 64 

0. 27  0 . 0 36 

0 . 40 0. 0 1 6 
-- ---------

5 . 49 

0. 57 

7. 1 0  

1 . 69 

0 . 50 

4. 38 

0. 4 1  

3 . 99 

0 . 88 

0. 39 
-� --�-�-�-� 

I 

� 
H 

.f>. 



sjC!li f','':'3.nt.Ly increasEd th e total v olume of wat .::;r used ( 1 1 3) .  An 

average of 60-70 litre/cow-day may be used.  

AI . :; 

The composition of effluent from ti:1e  dairy shed can be calculated or 

measured. A comparison of methods and result ing pollution loads 

are shown in Tabl e App . 1 : 4 . 

1 : 3 ) HYDfu\ULI C  PROPERTI ES OF DAI RY EFFLUENT 

lV!ost effluents are handled as a slurry, hence their flow 

characteristics are important . These are summarized from published 

work ( 9 ') -93 ,  235 )  in Table App . I :  5. 

As rd.rS inc.; reases , the efficiency of pumping drops ,  while  with 

centri f'Lcgal pumps the emphasis on open imp ellers to  handle tLs 

solids 8auses a reduct ion in the t otal head developed. The .., '" ar 

rat e  al Bo increases ,  particularly i n  positive displacement PUd!P S 
which reduces the t otal effi c i ency. A solids level of 1 -3% � �,: 

regarded as optimal for pump ing systems. 



TABLE APP . I :  4 

COMPARI SON OF EFFLUENT LOADS DI SCHARGED FROr.-; DAIRY SHEDS 

PARAMEl'ER CAL CULATED MEASURED 

( 1 ) ( 2 )  ( 3) ( ,� ) 

BOD ( kg/cow-day) 0. 060 - 0 . 088 0. :'")59 

S S  ( kg/cow-day) - - 0 . 280 -

TS ( kg/ c ow-day) 0 . 360 0. 320 - 0 . 450 

N ( g/cow-day) 1 0 . 0  1 5 . 7  1 0. 1 1 3. 5  

p ( g/c ow-day) 4. 5 1 . 6 '2 . 9 1 . 8 

N OTE : ( 1 )  Calculated using 7. 5% of values given i n  'rable  App .  I :  1 . 
7. 5% is  taken to allow for all stock work in the yardu. 

( 2) Calculated using 7. 5% of  the values given in Tables App . 1 : 2  
and App .  I : 3. 7 . 5% is  taken to allow for all stock work in 
the yards.  

( 3) Data from Davis ( 1 1 4) ,  assuming the cows are on  the yard for 

2 hrs/day and milked for 365 days/yr. 

( 4) Data from MacGregor et al. ( 1 0) ,  assuming an effluent volume 

Jf 90 litre/cow-day. 

AI : 6  



'rA BLE APP . I :  5 

SLURRY CHARACTERI ST I C S  AT VARI OUS SOLI DS C ONCENTRAT I ON S  

% T S  H eadloss Relat ive tu  Water Pluid Behaviour 

2% Equival ent Newtonian 

2-7% Sl i ghtly less Variable ( 1 ) 

7% Greater Non-Newt oniall 

NOTE:  ( 1 )  N o n-Ne\vt onian flu i d s  A r c  o b tai ned a t apprOXimately 
5% TS and a Love ( 2 35 ) . 

AI : 7  



APPENDIX 1 1  

DEVELOPMENT OF AN ANAEROBIC/AEROBI C TREATMENT 

PLANT FOR DAIRY SHED EFFLUENT 

PAP ER PRESENTED AT 

The Biotechnology Conferenc e,  Massey Universi ty, 1 975 

D. J. Warburton, 

R. M. Clarke , 

H .  Melcer, 

BY 

( Agricul tural Engineering Department ) 

(Agricultural Engineering Department) 

( Biotechnology Department ) 



A 2 j : ' 

:; ; f  t' _ ,,; , -:' ; f:'-:)m dai ry sheds , parti cularly the d1.l !'.G ar"d urine hosed. from 

!-:" ' '' : L; v&I'ds ,  pres ents a maj o r  was t e  d i sp o sal p r o b l em on a l.' f-:( t i o nal 

·, �aL! .  ; i: i s  e s t ima t e d  ( 1 )  that the farming s (' :' 1; o r  c ontribu t; es one 

�hi r(;  : 0:- the tc tal BUD l oading on wa t e r  c ou r s e s  and further w c· rk ( 2 )  
:i ndi·-::a.:" ' :'- �hat 50% o f  dai ry farms have unsa t i s i'<';,c t ory disposa'� 

m.et ho d ;' , 

The vo l'. lme of vr a:=>te t o  be handl e d  at each she d " ,r2r i es from 7 , 000 t o  

'�7 , OOC Ji..tre/day. The fl o w  flu c tuat e s  with d:i " ; 'J; arge s o c cu r'l Dg 

a f t e r  each mi lking. T he t reatment and dispo,Ja�, -.:ys t ems c OIIl1llonly in 

u s e  a r 8 :  

( a ) �p ray d i sp o sal on t o  adj ac ent paJdock s .  

( b ) �,naero b i c/aerobic l a go ons . 

Spray 'h sp o sal has a numbe r  o f  advantage s ,  namb "::' :  

( a) � h e  ease of s o l i d s  d isp o sal . 

( b l ': .- l e  i r r i gat i on o f  p a s ture du ring the suv:" r aJ:' months . 
( c ) " : :i.8 app l i cat i on o f  nu t r ients and the buj " l-up of In.lmv .::: i n  the 

� ')i ] . 

P o ir.ts [ ':l ) and ( c ) a l! ove are l imited in value : \.,0 t o  the s i z } o f  the 

di sp osa::.. area. The effe c t ivene s s  of sp ray dis p o.:3al in trea � .Lng the 

efflu eni i8 s t i l l  being ver i f i e d  by work progr c ! c; s i ng i n  the S o i l  

Sc i a�ce Dep a rtment a t  Mas s ey University. The sy s tem ' s effici ency 

depem,s ,) 1 1  i t s  d e s i gn, the s o i l typ e ,  the 'Pas�:' i r e  c over and , in 
par+;ic1..: 1 R. r· ,  the managem ent ( 3) .  I t  is the l a l'. : , ':' intens ive asp ec ts 

o f  pl !) ,: !- Hli.lint enanl� 8 and op erat ion o f  sp ri nkl p. y , ; . as well as dou bt s 
o f  the, ': () !lg t e rn; effe c t s  o f  sp raying on the s o i l  and pa,sture , which 
have c ,ll , � ed some farm ers to favour lago o n s .  

1agoo,,: ( ' ,� 8igr in New Z ealand i s  b a s e d  on l oadi r;f;s o f  2 4  k g  BOD/WOO 

m
3/day ( 4) .  The primary advan tage of thi s 8 ys L em i s  i t s  l ow labour 

i npu t 8!:..d minimal ma i nt enanc e .  Treatment effi c i encie s  are e p o d  w i th 

92 . 5% ,." nd 96% redu c t i ons for BOD an d s ol i ds resp e ct ively ( 5 ) . This 
is achj e ve d  by a c om �inat i on of m i cro bial t rea tment and red� � t i on i n  

t h e  vd , Jfl8 d i s charged du e t o  infil tra t i oll. Th ; dis c ha r ge BeD ranges 

from 50,�y)0 mg/l ( 5 ) .  H oweve r ,  no figures hav,:, b e en publ i shed , t o  

the au t , ' ors ' knowl e d c'e , reeurding nitrogen !:.:.!l') prlosphoru s  



concentrations in the discharge from lagoons in New Zealand. The 

main  di sadvantage of lagoons is the loss of production from 

relatively large areas of land in close proximity t o  the milking 

shed. 

The drawbacks of both these systems , combined with the increased 

intensification of production,  and hence greater volumes of waste 

discharged from the milking shed,  suggested the need for an 

alternative treatment system. Furthermore, a lack of  l ocal 

knowledge on agricul tural wastes and their treatment prompted this 

investigation of  a simple  biologi cal treatment process.  

A primary settling/anaerobic tank seemed essential t o  remove the 

fibrous solids and allow their decomposition. The supernatant 

AI l :  2 

would undergo aerobic treatment to  allow some breakdown of 

surfactants as well as  allowing an acceptable effluent to be obtained. 

A trickling filter was selected because of i ts si.mplici ty of 

operation and cons truction, and its limited previous use for dairy 

shed e!'fluent treatment ( 6 ) . 

2 . LABORAT ORY PLANT DEVELOPMENT 

With s-;'!J:plicity being one of the prime obj ectivG8,  a single tank 

system "as planned with the hope of maintaining anaerobic 

decomposition of the sludge in the bottom while a.erating the surface 

layer OVGr the trickling filter. 

Effluent from a town supply farm permi tted experiments t o  continue  

all ye9.r and allowed t he measurement of  seasonal changes in the 
effluent . The only pre-treatment was a 25 mm nltl sh used t o  remove 

large solids .  

Two experimental units  of the same design as illustrated in Fig. 1 
were bui .:' t but were o f  different scal e . 

P lant I 

The plart was loaded each evening w i th 22 litre to give an 8 day 

holding t ime. Various recycle rates were used over a period of 2 
months . Th� reau l t s  o f  the COD analyses are shown in Fig. 2 and 

were obtained using Standard Methods ( 1 6 ) . The wide COD variation 



i:c. the :raw e fflu e nt made analysis (l i ffi cu l  t and the p l ant was not 

entj. re� y sati s fac t ory. The inc r e a s e  in s o l i d s  c au s e d  a st eady ri s e  

::" n  t!l.'� O�). tput COD and the m ean redu c t ion over the p eri od was only 

'SR. 7";. ?urthermore , tb e  bu i l d -up o f  a s o l i d  surface c ru s t  up t o  

1 00 m.;!). t I', i ck c r e a t e d  p robl ems in surfac e aerat i on and s o l i d  

d e c omp o �3 .i.. t i on . 

P lant T I  

11.1 1 : 

One o f  t�ll e main purp o s e s  for the sec ond uni t was to d e t erm i ne how 

read i l y  a bac t er i al sJ ime '[Qu l d  devel op on the f i l t e r ,  as a l arge 
se c ondary popu lat i o n  wa s p r e s ent in P lant I and the bac te r i al s l ime 

was hardly d e t e c table even after a1 t ering the hydrau l i c  l oa d ing�3 t o  

the fil ·�.(:.r . Howeve r ,  this p o s e d  l lll prob lems i n  P lant I I  a s  a s l ime 

was d e i ec t ed in 7-10 dlJ Ys .  COD o f  the f i nal e f f l u ent f o li owed the 

s am e  t r end as in P lant I .  

Desp i te the s imp l i c i  ty of a s ingl e t ank, the sys t em was regarc.' '-!d a s  

i mp ra c �; i cal and the i n t ro d u c t i on o f  s eparate tanks for the ar.;:H.::rolJic/ 
a e r o bi .: t reatment wa s then c ons i d e r e d .  N o t  o nl y  wou l d  thi s :j o l ve 

mu ch of the s o l i d s  problem , bu t would s imp l i fy the analys is o f  
r e su l ts : ; y  i s ol a t i n g  ea ch o f  the trea tment s tage s .  

3 .  JVIOIJH'l :r"; ) J  LABORAT ORY Tl\l�ATlVJ E;:�'l' PLAliT 

( 1 )  P lal1t Des ign 

( C) ) 
\ "-

Tht� p l ant charac teris t i c s  are i nc lu de d i n  T a b l e  I and tJ . 2  
arx'angeJUe nt o f  tli0 p J.al 1t  shown s chema t i c a l l �/ i n  Fig. 3.  : '·o th 
a n<-l�H'o bi c  and aerobi c tunbj hatl. p ersp ex fronts t o  enabl t.. the 

8 0 �.� -,- ds ac cumu l a t i on ra te to  bo o bs e rve d . T o  redu c e  the 

f1 J ,.:; tua t i ons of COD in the raw ef flu ent a s imp le au t omaU.c 

saw:9 l e  co l l e c t o r was i ns ta l l ed a s  sh own i n  Fig. 4 .  T h e  size of 

s a mr) l �  c o l l e c t e d  c ou l d  be va r i e d  by a l t e r ing the p ercent.::J.ge of 

cha:r:.nel s c overe d , 'I' he unit i s  s t i l l  in op �;ra t ion and aIJP 3ars to 

b e  v0 ry s at i s fa c t nry . 

Loc: c, .i.ng Rate s 

( :. ; )QD Loading 
A s: ' , 'Illary of anc:l.<O"j'o t":i c  l ago oll l o ad i ng rat e s  r ep or t e d  in the 

l i  t�.;ra ture i s  s l l ovitl i n  Table T T  for comp ar i s o n  wit h thos e 
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p r e se nted in Tabl e I .  

A hi gh loading of 0 . 275 kg BOD/m) -day to the anaerobic  tar!k was 

uSAd to d e t ermine how the p lant would reac t to high loadings 

S i !.lC ,; it had been sugge s t ed ( 7) that operation a t  highe r l oad ings 
could be s at i s fac t ory. 

T IE '  trickl ing fil ter l oading o f  0 . 20 kg EOD/m3 -day was 
approximately the same as that rep orted in the l i t era tu re ( 6 ) . 

( 1.; )  'r o tal Soli d s  Load ing 
Only total s o l ids were analysed bu t i f  the ,,,idely rep orted 
vO �. b. l i l e s o l i ds c ontent o f  80% TS ( 1 1 )  is accep t e d  then the 
an[�el'obic l oad ing can be given as 1 . 76 kg VS/m 3 - day. A s  vii th 
the BOD l oadi ng this solid  l oading rate is s i gnifi cantly higher 

than those o f  o ther workers a nd has p roved t o  be the grea t e s t  
probl em in the system. The TS loading to the trickl ing f il t er 
was approximat ely half the 1 . 0 G  kg TS/m3-day indicated from a 
s tndy of the l i terature . 

( c )  Hvdrau l i c  Loadings 
Tll<� anaero oic holJing time of 5 days is s i gni ficantly le ��s than 
that reporteJ in most of the li teratu re ( 9 ,  1 0 ) . Howeve� , some 

wc :'l �ers ( 8) have studied shorter h ol ding t ime s and this ,wrk was 
to tt) verified. 

';I I""'J The hydrau li c l oadi ng t o  t h e  t ri c kl ing f'i l tnl' o f  1 9 . 2 m //w '- -day 

with a 2 day hol ding t ime was at variance with other workers ( 6 ) . 
The high re c ycl e rates used were a mat t er o f  convenience ,  wh i l e  

the short holdinG t ime was in trodu ced t o  redu c e  p lant size and 
st�dy the effects  on short term aera t i on s i nc e  li t tl e 
infonnation is reported in this are a .  O gi l vie and Dale ( 1 2 ) 

inve s t i ga t e d  the very short term resp ons es while o thers ( 1 3 , 1 4) 

s t � d i e d  l ong� r holding time s .  

( 3 ) Resu l t s and Operating Effi c ienc i e s  

( a ;  : {esul ts 
S \) .3kL t :J are sho W J ,  in Figs ':) awl 6 a nd 8 �ulliljCi rized in Table I l l . 



Clnly a l imi t (�d number o f  samples  were analysed for ni trof.·en and 

ph0::Jp�1 0ruS . H owever, the maj or trend that emerge d  as exp ec t e d , 
..... a3 a drop of 20-60% in total n i trogen and phosphorus with a 

c o rresp onding 2-4 fold increase in the resp ec tive d i s s olved 

frac t i on�. 

( b) Treatment Efficiency 

AIl : ::5 

Tl: c' 50% BOD removal in the anaero bi c tank is comparable wi th th� 

resul ts o f  L oehr and Ru f ( 8) . The 83(/� TS removal compares 
fa v-ourably wi. t h  the data of o ther workers ( 9 ,  1 0 )  desp it e the 

short hold ing t ime . 

The 70% BUD removEIl and final l: fflu ent BOD of 200 mg/l is in 

agrE: ement w ith other w orkers ( C ) while a 5 1 %  reduc t i on i n  T S  

is a s igni ficant imp ro vement O I l  previous results ( 6 ) . 

( c ) S o l ids  Accumu l ation  

Desp i t e  the adequat e B O D  anll '.n redu c ti ons t h e  most signifi cant 

problem is t he ra t e  of s ol i d  accun:ulat i on in the anaerobic tank.  
The factors contri but ing t o  t h � s  t' ll i ld-up are : 

( i ) The high l o ading rah� f, .  

( ii )  The le ss d egrada ble nu. tl  re of the  fi brous s olids.  

( i i i ) The init ia l  anaerobi c [c , I1llf.·ntat i on o f  this was t e  in the 

rumen, theI',�by r 21f! ovinr� t.he m ore bicJ.egradabl e f r: Jc" ti ons . 

The rate of a c cum u l ab. on in t l l f. ·  tank necessi  tated the removal of 
s o l ids after 6U days o f  op era t l on and this was repe ated aft er a 
further 43 days . 

A sUlillIJary o f  resul t s  o h tained during the s ol ids removal is shown 

in Table IV . 

The l owe r value e t· percent sol ids reduct i on in the s e c ond 

clea.ning cou l d  b �· d11 8  to the l onger residence t ime of the soli ds 

before cleaning. HO\.,ever , this may be part ially off-set by a 

lag phase during t he s tarting up of the p lant . 

There is s i gni ficant var iat i o n in the l i terature on the .:;x tent 

o f  solid d e l! omp o �  . . :l t l on ( 8 , '10) , wh i l e  other sourC tl s  ( 1 5 ) indicate 
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r.4 ::lU C!\ sl ower ra t e  of s ol i ds a(;cumulation than ,'{ould  be 
an -: j c iputed  from the l iterature . The figures obtained , although 
ba::J �;d on TS , are in general agreement with informati on avail able . 

BFk; 8 cl on a 9% TS of the sludge and a maximum s ol ids accumulation 
of  50% of  the tarili: volume,  the c leaning frequency would be 40 
days . 

4 .  CONCLU '.",-I ONS AN D RECOMMENDATI ONS 

( 1 )  The :'€' is a need for further work in the design and operat ion of 
sim�· J. e  treatment systems for agricultural was tes.  

( 2 ) A .'3 -:.ngl e tank anaerobi c/aerObic treatmen t p J.ant using a 

trickling filter for aeration was unsatisfa ' t ory. 

( 3 ) The short holding t ime of 5 days in the anaerobic tank and the 

consequently high l oading rates of 0 . 275 kg: BOD/m3 -day a 'ld 

2 . 2 kg TS/m3 -day gave significantly improvL,ri tlischarge showing 

a �O% and 83% BOD and TS removal resp ectiv8.i y. The solids 
acc',1.lllulati on rate  and associated cleaning frequ ency was not 
sa tisfactory. Further work is required to  :ie tel'mine the rates 
of 80lid accumulation and effective methods of disposal.  

( 4) S}- ;;r t terJU aerat :i. on ( 2  days ) using a trickLi ng fil ter proved 
v p r'Y satisfactory giving a 70% BOD removal :l �d a final ef fluent 
of  �·OO ppl!l BOD. Further work is required OY! the recycle rate 
a n i  El. ero bi c  hol ding t ime in their effec t  Oll GOD removal und the 
t r-ansformat i olJs of nitrogen and phosphorus ill the was te .  
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TABLE I 

LOADIl�G RATES FOR MODIFIED LABORATORY TREAniENT PLANT 

Parame ter Anaerobic Aerobic 
Treatment Treatment 

Hydraulic loading ( li tres/day) 8 8 

Loading Frequency (no/day) 2 2 

Mean Hydraulic  Residence ( days) 5 2 

BOD Loading (kg BOD/m3 d) 0 . 275 0. 1 99 
TS Loading (kg TS/m3 d) 2 . 2  0. 548 

Trickling Filter Recycle Rate - 37/1 

� 
H 
H 



TABLE E 

A Sur-TMARY OF ANAEROBI C LAGOON LOADING RATES 

Authors Hart & Turner Loehr & Ruf .  Nordstedt et 
Reference (7) ( 8) (9 ) 

kg BOD/m3 d 0 .0299 ( i ) 0. 1 40 0. 0576 

kg VS/m3 d 0. 1 664 0 . 508( ii) 
O. 1 1 2 

( i) The highest loading figures are quoted. 

al Bhagat & Proctor . 
(1 0) 

0. 052 ( iii) (0 . 427 ) 

0. 1 36 ( 1 .  1 2 ) 

( i i )  1, vRlne of 0 . 2 54 kg SS/m3 / d was given and converted assuming 60% 
of the TS were set tleable . ( 1 0) 

( iii) The values shown are l oadings cal culated on original volumes ,  
the authors I estimates allowing for loss o f  holding capacity 
with operation are shown in brackets.  



TABLE III  

SlJI.lV:QY O Y  ?:;'SUJRS FOR con, BaD , T S , DO , TEJ1::pERATURE AND pH 

Raw effluent 5975 

Anaerobi c  
A t' t 2350 6 1  ' JlJ , ' , 6 , 

Final discharge i 745 I 87 

1 340 

670 

200 

* Bach BaD apparatu s .  

50 

85 

1 1 , 000 -

1 . 850 83 

900 92 

7 . 1 1 2 . 8  8. 0 

1 . 1  1 5. 08 7 . 6 

4. 0 1 6 . 4  7 . 2 

-_.'> 

'-



TABLE IV 

SOLI DS ANALYSI S IN THE ANAEROBI C TANK 

Parame ter First cleaning Second cl eaning Mean 

T o tal solids input (kg) 5 . 33 3 . 44 

Total Solids removed on cl eaning (kg) 2 . 1 5  2 . 00 

Sol ids leaving via the anaerobic 0. 96 0. 5 5  discharge (kg) 

Approx. mass of s olids remaining ( kg) 0. 3 0 . 3 
Solid decompos ition ( kg) 1 .  92  0 . 59 
% Solid reduction 36 . 0  25 . 9 31 

% TS Accumulation 46. 0 58. 0 52 



il. ,SI NGL E  T ANK ANAEROBI C/A ERO BI C TREATMENT PLANT 

T ri ckl ing 
Filte r  

j 
j 

Ra .... E ffluent I nput 

Aerobi c Layer 

·�I 'i n.::. l 
D� ;., ;;h arge 

Sludge A naer",) b i c  Sludge Decomp o s i t i on 

Rem oval ____________________________________________ � 

P lant I A 1 95 l i tre tank wi th a ',;dO :run I .  D. x 2 . 4 m concre 1,e 

trickling L�l te r and 60 WIn s tone medie,. 

P lant I I .  An 8 l itre l;ank wi th a c/ ') rrun 1 .  D. x 1 .  8 m Q. V. F. glass 

colwm trickling fil tor and 1 9  mm stom� media. Aluminium 

Al I :  1 ?  



COD 

(mg/I ) 

30 , 000 

2 5 , 000 

20 , 000 

1 5 , 000 

1 0, 000 

5 , 000 

FI GURE 2.  

5 1 0  

COD �OVAL FOR A SINGLE TANK ANAEROBI C/AEROBI C TREATMENT PLANT 

x Raw Effluent 

• F inal Dis charge 

1 5  20 25 30 35 40 4 5  50 T Hm 

( days ) :x.­
H 
H 

V.J 



FI GUhE :. 

1 

A TWIN TANK ANAEROBI C!AEROBI C TREATMENT PLANT 

j 
j 

I j 

Ae robic Tank 

T rickl ing 

Filter 

III 
11 

Baffl es 

� 

Anaerobic Tank 

Raw Effluent 

I Input 

A 4Ci l i tre anae rob ic tank c oupled t o  a 1 6  l i tre aerobic 

bon�'{o. The tri ckl ing filter w a s  0' 40 mm 1.  D .  x L 8 m 

perspex tube w i th 1 9  mm stone media. 



FI GURE 4. 

AUTOMAT I C SAlVJP L ER Fon DAIRY SHED EFFLUE.NT 

Concrete surround of 
sump \ 

I 
Collec ted Sample trans ferre d 
to  hold ing tank 

Main Was te Flow 
From Yard 

Covers t o  al ter  the 
percentage of samp l e  
collected 

Al l :  1 -) 



C')D 
(mg/l ) 

1 2 , 000 

1 0 , 000 

8, 000 

6 , 000 

4 , 000 

2 , 000 

FI GURE 5. 

5 1 0  

COD REMOVAL IN A TWH� T.lJI.K ANAEROBI C/AEROBI C TREATJIf,EWr PLANT 

x 

o 

�--------------�--------------.�----

Raw Effluent 

Anaerobi c Outlet 

Final Discharge 

, , , �-----� TIlilE 1'5 20 2 5  30 35 40 4 5  50 ( Days ) 
:>-> �.-: 
f-' 



Total 
Solids 

( %) 

1 . 8  

1 .  6 

1 . 4 

1 . 2  

1 . 0 

0. 8 

0 . 6 

0. 4 

0. 2 

FI GURE 6 .  

TOTAL SOLIDS REMOVAL IN A TV.T� TAl� ANAEROBIC/AEROBI C TREATMENT PLAli1T 

x Raw Effluent 

o Anaerobic Outlet 

• Final Dis charge 

..---..... ------0---- .. 
I I I I I I I I I I 
5 1 C 1 5  20 25 30 35 4C 45 50 T mE 

( days ) 
� 
H 
r-' 



APP ENDI X I I  I 

I.[ORKING DRAvlI N GS FOR FI ELD SCALE TREATMEN'r PLANT 

Drawing Si t e  P o s i  t i oning 

Drawing 2 General Arrangement 

Drawing 3 San� ling & L oading Details 

Drawing 4 Trickl ing Filter Support Details 

Drawing 5 Elec tri cal Supply Details 
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APP ENDI X I V  

ROTARY TIPPING BUCKET - DESI GN AND OP ERAT I ON 



IV: 1 )  INTRODUCTI ON 

A simple distributor was required to apply the recycle  flow over 

the field plant trickling filter. The requirements for the 

distributor were; 

(a ) To  give a good distribution over the entire filter surface. 

(b ) To provide a periodic " flush" discharge to allow adequate  

wetting of  the filter at  l ow flow rates .  

( 0 )  To  require minimum maintenance and be free from blockages . 

A .  IV: 1 

( d ) To  be adjustable for various flushing volumes and frequencies. 

Tipping buckets have been used t o  obtain intermittent discharge in 

various applications such as flush cleaning of effluent from 

p iggeries . However, the mounting of a tipping b�cket on a central 

pivot ,  causing it t o  rotate by the impulse generated from the 

discharge , has not been reported. * 

The principle of operation was t o  allow half of the bucket to fill 

with recycled liquor until the movement in its centre of gravity 

caused it to tip. The discharged volume was directed to  one s ide 

of the bucket and allowed to s trike a deflecting plate. The 

resulting impulse caused the bucket to rotate. This process was 
then repeated with the other half of the bucket, allowing 

continuous operation. 

The configuration of the rotary tipping bucket is shown in Figure 

App . IV: 1 and Plates 5 : 5 ,  App . IV: 1 and App .  IV: 2.  

IV: 2 )  DESI GN EQUATIONS FOR THE TIPPING BUCKET 

The bucket tips when; 

Tipper Weight (WT ) x Moment Arm (x) = Liquid Weight  (WL ) 

x Moment Arm (y) 
(Figure App . IV: 2 )  

* The idea and much o f  the development o f  the rotary t ipping 

bucket was the �esult of work by Mr J. S.  Tyler, Agricultural 

Engineering Department, Massey University. 



FI GURE App. IV: 1 
ROTARY TIPPING BUCKET 
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PLAT E  APP . IV: 1 Ro tary t ipping bucket showing recirculation fl ow, 

central divider and cupped wind vanes . 

A. I V : 3 



PLATE APP. IV: 2 Rotary t ipp ing bu cke t  showing d e fl e c tor plate and 

bu cket sub-f rame . 

A. IV : 4 



FI G1JRE App, IV: 2 

M�ALYSI S OF FORCES FOR A TIPPING BUCKET 

Centre of Gravity o� Bucket / 
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/ Centre of Gravity of Fluid 
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A. IV: 6 

Calculation of these t erms , bas ed on the dime ns i ons o f  the tipp ing 

bu cket , are presented i n  the foll owing s e c t i ons . 

IV: 2 . 1 ) Expres s i on of ' x '  i n  Measu rabl e D imens i ons 

Us ing Figure App . IV: 2 ,  it may be shoIDl. that when h = h '  

x = ( g Sin�) - (h ' Sin�)  = Sin� ( g - h I ) (me tres ) 

The dis tance of the bucke t ' s  c ent re o f  gravi ty from the base ( g) 
may b e  al tered by adjus ting the relat ive weigh t  o f  the base t o  the 

sup er s truc ture. 

IV: 2 . 2 )  Expression of 'y' in M easurabl e  Dimensions 

Based on dimens� ons given in Figures App . IV: 2 and App .  IV : 3 ,  it 

may be shown that ;  

c = .Q....2l!. 
Cos0 

bu t z = -32 C - l( b d) 
- 3 2 C o s� 

Therefore if h = 0 ,  

and when h = h ' , 

y ( metres ) 

The wetted distanc e out from the c entral divider ( b) may be 

calculated from the t ipp ing volume ( V) since;  

( Figures App . IV : 2 and App. IV : 4) 

bu t a = b Tan0 (me tres ) 

therefore V 

therefore b � (metres ) � 1 Tal10 



FI GURE App. IVj3 

DEFINITION OF TEID�S FOR DERIVAT I ON OF THE MOMENT ARM (y) 

Path of Centroi�/ 

/ 

\ 

� 

:r> 

H 

<: 

--J 



FI GURE App. IV: 4 
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IV: 2 . 3) Calcu lation of WT and WL 

WT Weight of Base ( WB) + Weight of Super structure (WD) 

where S = 

and SD = 

= 

where A = 

(Newtons) 

2 surface area (m ) and U = unit weight  (N/m2) 

SB 2B x 1 ( m2 ) 

where B = ��b ( m) and 1 = D - 8 . 2 (m) 

( 2  x side area) + ( 3 x central divide area*) 

( 2  x A x 2B) + ( 3 x A x 1)  ( m2 ) 

2a (m) 

A. IV : 9 

The height of the central liivider ( A) is set to avoid splashing, 

while the base width ( 2B) is set to accommodate  the end deflectors . 

The reduction in bucket le:-1gth ( 1 )  is to allow clearance for the 

pivot bearings ( Figure App . IV: 4 ) .  

WL 
= Tipp ing V)lume x �pecific Weight 

= V x 981 0 (N )  

I V: 2 . 4) Moment Equation for T ipping BuckE t 

Solving for h ,  the final adjus tment on the p ivot point , 

IV: 3) DESI GN PROCEDURE FOR THE TIPPING Bl� 

The fil ter diameter, D ( m) , and the hydraulic load, Q ( m3/m2_day) , 

should be  known from the filter design. The tipping frequency, 

* This includes an approximation for the area of the end 

deflectors . 



A. IV: 1 0  

f (min-1 ) ,  and the tipping angl e,  0° , must be selected. 

The tipping bucket can be designed USijlg the following procedure; 

( a )  Calculate the tipping volume,  V ( m3) , by 

V = 
Q D2 

1 833 f 

( b )  Calculate bucket dimensions from estimates of ' a '  and ' b '  
( Appendix IV: 2. 2 and IV: 2 .  3). 

( c )  Select a suitable construction material and calculate WT and 

g ( Appendix IV: 2 . 3) . Note that g, the height of the centre of 

gravity of the empty bucket from the bas e, is given by; 

( m) 

( d) Calculate WL and substitute into the final equation (App endix 

IV: 2. 4) to determine the height of the pivot point relative to 

the base , h (m) . 
Although 'h1 may be easily adjusted ( App endix IV: 4) it mus t  be 

less than 'g ' for the bu cket to operate. 

I V :  4) EXM'lPLE CALCULATION 

( 1 )  V = 

( 2)  b = 

a = 

Assume D = 

12 X 1 1 82 
1 833. 5 x 6 

2V 
1 Tan0 

b Tan 30 

therefore B 

A 

= 

= 

= 

= 

= 

Q = 

f = 

� = 

0. 004- 4 

0 . 098m 

0 . 057m 

0 . 1 96m 

0 . 1 1 4-m 

1 .  em 
3 2 1 5  m Im -day 

6 

30c 

3 m 

( 1  = 1 . 8 - 0 . 2 = 1 . 6m)  



( 3 ) Us Llg 1 8  ga1.;ge galvanised pIa te,  

Mass 

Weight 

1 0  kg/m2 

1 QO N/m2 

= 2 x 0. 1 96 x 1 . 6 

Side Area = 2 x ( 2  x 0 . 1 1 4 x 0 . 1 96 )  

Divider and Deflectors = 3 z ( 0 . 1 1 4  x 1 . 6 ) 

= 0. 089 + O . S48 

Therefore vl�, = (0 . 6 27 + 0. 637)  x 1 00 
... 

Weigh t Ratio 
SD Ot 6:2:Z 1 . 02 = 
SE 

= 0. 627 = 

Therefore g = 1::. 
4 x 1 . 02 = 0 . 029m 

( 4)  WL 
= 0 . 0044 x 981 0 

= 4 3. 1 6 N 

h 1 . 822 - 0. 81 6 
= 84 . 78 

= 0 . 0 1 2111 

2 
= 0 . 627 .rr. 

2 0 . 089 ill 

2 
= 0 . 548 re 

= 

= 

2 0. 637 .rr. 

1 26 . 4 N 

Therefore the pivo t point is 1 2mm above tr.e base of the tipp ing 
bucket. I t  is less than 50% o f  ' g ' ,  allowing stable operation. 

IV : 5 )  CONSTRUCTION DETAILS FOR TH E T IPPI N G  BUCKET 

The bucket was constructed from galvanised sheet s teel. All j oints 
were p op riveted and soldered .  

The tipping ang1 3 could be al tered by adjusting the height of the 

bucke t  stops (Figure App.  IV : 5 ) . 

rrhe central bearing, \vhich allowed the bucket to rotate,  was 

constructed using three ball bearings recessed into the end of the 

central spindle, A fourth ball bearing supported the rotating frame 



FIGURE App. IV: 5 
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which was located over the central spindle. The unit was packed 

with grease and sealed with a felt s eal ( FigurG App. IV: 5 ) . 

A. IV: 1 3 

The pivot for the tipping bucket was �ounted in Ferobestos,  

eliminating the �eed for lubrication. The height of the pivo t  

point relative to the tipper base ( h) could be adjusted by al�ering 

the position of the pivot on the screwed brass column. The bearing 

assembly could be dismantled by undoing two wing nuts , allowiag 

removal of the tipping bucket for cleaning or maintenance (Figure 

App. IV: 6 ) .  

The complete unit was mounted on a p ipe frame and fixed t o  the top 

of  the filter. The frame was levelled on foot screws prior to  

opergtion (Figure App. IV: 1 ) .  

IV: 6 )  PERFORMANCE OF THE TIPPING BUCKET 

The rotary tipping bucket required no struc tural maintenance. I t  

was c�eaned once to  remove excessive microbial growth. 

The rotational force was sufficient to move the bucket through 

50-1 00 degrees/tip . Some control of the rotational force could be 
obtained by adjusting the deflector plates ( Figure App.  IV: 1 ) . 

The main operational problem was wind. The longitudinal axie of 
the bucket would lie into the wind and the hydraulic reaction was 
often insufficient to overcome the wind effect .  Wind also sprayed 

effluent from the tipping bucket.  To combat these problems , a wind 
shield was installed ( compare Plates 5 : 5 and App. IV: 1 )  and cupped 

wind vanes were mounted on each end of the bucket (Plates App .  IV: 1 

and App . IV: 2 ) . These modifications satisfactorily solved both 

problems . The speed of  rotation increased with wind speed but was 

not excessive. 

With regular cleaning to  maintain a fixed tipping volume, the 

distributor could be used as a flow meter. A mechanical c ounter 

would provide the simplest recorder. 

IV: ?) CONCLUSI ON 

The good performance ,  simple construction, low maintenance  and high 



FI GURE App. I V : 6 
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flex ib i l i ty of the rotati ng t ipp ing bucke t sugge8 ts that is a 

sui tabl e device for dis tributing flow over a packed be d . Wi th 

c areful design and regular cleaning, the unit c ould also be used 

as a flow me ter. 

A . IV: 1 5  
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C OLLECTED DAT A 
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TABLE APP. V: 1 SAMPLE OF DATA FROM ONE TREATMENT RUN 

DATE SETTING �BER COD BOD TS VS pH Eh DO TEMP N03-N NH4-N TKN DKN DIP TDP TP FILTER 
� FLOW 
H mg/l mg/l % rdl'S mV mg/l QC mg/l mg/l mg/l mg/l mg/l mg/l mg/l l/min p., 

1 4934 920 0 . 446 62 . 7  8. 1 8  -5 6. 80 1 2 . 2  3. 8 1 2 . 5  1 2 1 57. 2 4. 4 5 . 4 2 1 . 3  
3 � 2 1 646 495 0 . 1 66 62. 8 6 . 73 -285 1 . 00  1 4. 0  
� 

0 N 3 660 1 30  0. 1 27 52. 1 7 .00 - 1 55 2. 90 1 5 . 0  '-.. H tr\ 
p., '-.. ""' 4 657 1 25 0. 1 28 49. 8  7. 40 -85 8. 20 1 5 . 0  0. 1 1 1  !Xl c-: « 

( 1 ) H 
5 696 1 60 0. 1 31 5 1 . 3  7 .05  -90 3 .00 1 4. 8  50. 5 2 .0  28 24. 9 1 5 . 9  1 6. 3  1 6. 8  

1 3363 880 0. 422 62 . 2  
!Xi' 
� � 2 1 493 575 0. 1 58 6 1 . 5 6 . 60 -270 1 .  70 1 4. 2  
� 

""' ""' tr\ 
t'- '-.. 3 635 70 0 . 1 22 50. 0  7. 20 -90 7. 1 0  1 5 . 1  'aJ- H N 

p., '-.. 
'aJ- ""' 

!Xl c-: 4 643 87 0. 1 26 51 . 8  7. 47 -55 8. 20 1 5 . 2  0. 1 96 � « 
H 

5 768 1 80  0. 1 23 50 . 0  7. 00 -70 3. 30 1 4. 9  46. 6 7. 8 34 31 . 6 1 3. 8  1 5 . 6  1 6 . 8  

� 2 1 555 0 . 1 52 59. 6 7. 45 -31 0 0. 90 1 1 . 0  
� � 

§ 0 3 665 0. 1 1 5  57. 1 6 . 95 - 1 55 7. 00 1 1 . 0 N 
� 

p., '-.. 4 602 0 . 1 1 5  58. 4 7. 00 -00 9. 70 1 1 . 0 6 . 2  ""' 
A c-: &1 5 602 0 . 1 75 38. 3 7 .00 -80 7. 20 1 1 . 0  54. 7 4. 2 23 1 9. 9  1 0. 9  1 1 . 6  1 2. 5  H .... 



DATE � SETTING NUMBEli COD BOD TS VS pH � DO TEMP N03-N NH4-N TKN DKN DIP TDP TP . �-. 
FLOW 

H mg/l mg/l % %rS mV mg/l °c mg/l mgjl mgjl mgjl mg/l mgjl mg/l l!min Po< 

1 35 1 1  0 . 376 66. 4 8. 25 -5 7. 1 0  1 3. 0  0. 6 1 8. 3 1 50 83. 9 3. 5 4. 4 1 8. 8  
<-
� � 2 1 41 0  0 . 1 65 6 1 . 7  6. 65 -270 0 . 00  1 5. 0  

� 
0 N 

H � 3 521  0. 1 24 50 . 7  7 .05  - 1 75 2 . 00 1 6 . 0  Po< ......... U"\ 
ea r-: 4 529 0. 1 28 52. 8 7. 40 -90 8. 1 0  1 5 . 9  0 . 1 1 0 
H 

5 524 0. 1 23 50. 6 7. 1 0  -85 3. 00 1 5. 4  56. 6 2. 4 30 26. 6 1 4. 8  1 6. 0  1 7. 4  

1 2827 0 . 367 66. 0 � 
P'l 

� � 2 1 222 0. 1 49 60. 7 6. 68 -260 1 . 50 1 5. 2  
U"\ 

� 
U"\ t-- tc\ 

� ......... 3 5 1 3  0. 1 2 1 49. 5 7. 30 - 1 35 6 . 70 1 6. 0  H N ......... Po< ......... (J'\ U"\ 
� ea r-: 4 5 10  0. 1 2 1 50. 5 7. 40 -00 8. 1 0  1 6 . 0  0 . 1 98 

H 
5 602 0 . 1 20 47. 8  7. 1 0  -95 3. 40 1 5. 8  43. 4 1 1 . 2  37 34. 9 1 4. 2 1 6. 2  1 6. 5  

-;;- 2 1 41 0  0. 245 36. 6 7. 60 - 300 1 .  20 1 2 . 0  
� � 

� 0 3 457 0. 1 09 53. 1 6 . 97 - 1 50 6. 90 1 2. 5  
� 4 4 1 8 0. 1 1 4 56. 3 7. 00 -85 9 . 1 0  1 2. 7  6. 1 Po< ......... U"\ A r-: i=J 5 47 1 0. 1 1 2 55. 7 7 .04 -85 6. 00 1 2. 2  62 . 6  2. 9 23 1 8. 3  10 . 9 1 5 . 6  1 2. 6  H 

!i. 



DATE 
� 

SETTING NUMBER COD BOD TS VS pH � DO TEll\!' N03-N NH4-N TKN DKN DIP TDP TP IFILTER 
mg/l mg/l % �S mV mg/l QC mg/l mg/l mg/l mg/l mg/l myl mg/l FLOW H 

l/min p., 

1 0097 0. 900 60. 2  8. 25 -1 90 6 . 50 1 2. 3  2 . 8  2 1 . 8  1 48 98. 2 3. 1 3. 4 41 . 3  

3 � 2 1 362 0 . 1 47 58. 0 6 . 60 -270 0 . 00 1 5. 2  

� 
0 N 3 483 0 . 1 1 6  46. 5 6. 98 -1 00 3. 10  1 5 . 6  .......... 

H t<'\ 
p., .......... lC'I 4 477 0. 1 2 1 52. 0 7. 48 -90 8. 60 1 5. 2  0 . 1 08 � r-.: 
H 

5 576 0 . 1 1 9  49. 5 6 . 95 -90 3. 20 1 5 . 0  56. 6 1 . 8  38 31 . 6  7. 3 7. 6 · 1 6. 9 

1 7037 0. 935 59. 3 
';<i' 
� � 2 1 304 0. 1 36 58. 0 6. 70 -250 2 . 60 1 4. 8  lC'I 
� 

lC'I 
t- t<'\ 
'co- .......... 3 486 0. 1 1 1  50. 0  7. 25 -130 7. 10  1 5 . 2  H N 
.......... p., .......... 
0 lC'I 
N � r-.: 4 5 1 2 0 . 1 1 8 52. 5 7. 40 -75 8. 70 1 5 . 3  0. 1 94 H 

5 570 0 . 1 1 3- 48. 0 7. 1 0  -85 4. 50 1 5 . 1 47. 5 3. 1 33 1 6. 6  6 . 9  7. 1 1 6. 2  

� 
� 

� 2 1 500 0 . 1 45 63. 0 7. 52 -305 0 . 60 1 1 . 3  

� 
� 

0 3 492 0. 1 1 4  58. 7 6 . 65 -1 50 6. 80 1 1 . 5  H � p., t<'\ 
A .......... 4 468 0. 1 1 6  58. 1 6. 60 -80 9. 60 1 . 5  6 . 6  H l{\ 
f.iI r-.: H 
� 5 489 0 . 1 1 5  53. 9 6. 95 -90 5 . 1 0  1 1 . 5  63. 7 5 . 8  27 1 8. 3  5. 8 6. 3 1 3. 7  



DATE 
� 

SETTING NUMBER COD BOD TS VS pH Eh DO TEMP N0 3-N NH4-N TKN DKN DIP TDP TP �ILTER 
mg/l mg/l % 1dI'S mV mg/l QC mg/l mg/l mg/l mg/l mg/l mg/l mg/l FLOW 

H l/min P-< 

1 5 1 33 0. 636 57. 4 8. 1 0  -1 5 7. 40 1 2. 0  2 . 6 30 . 8  236 1 70 . 0  7 . 0  7. 9 54. 9 
<-

� 2 1 456 0 . 1 54 5 5 . 0  6 . 60 -260 0 . 80 1 4. 7  
� 

0 N 
H � 3 5 38 0 . 1 1 4  46. 2 7. 02 -1 30 3. 70 1 5 . 0  
P-. '-'" 
':;j � 4 5 1 2  0. 1 1 8 49. 2 7. 5 1  -60 8. 50 1 4. 8  0. 1 0 5  
.'1 

5 567 0 . 1 1 7 47. 5 7. 00 -70 3. 20 1 4. 5  5 6 . 1 3. 9 38 28. 3 1 3. 8  1 4. 7 - 29. 4 

1 5422 0 . 680 57. 7 
Ili' 
� � 2 2232 0 . 236 56. 3 6. 70 -245 1 . 80  1 3. 9  

� 
'" 

'" t<\ 
t-- '- 3 535 0 . 1 1 2 45. 1 7. 25 -1 25 7 . 00 1 4. 8  '- H N 

� P-. '-'" 
N ':;j � 4 589 0. 1 1 9  50. 0  7. 5 5  -85 8. 50 1 4. 9  0. 1 99 

H 
5 6 1 3 0. 1 1 6  49. 5 7 . 0 8  -70 4. 60 1 4. 7 49. 9 1 . 7  2 5  2 1 . 6  1 3. 1  1 4. 0  27. 3 

� 2 1 638 0. 1 53 56. 9 7. 48 -295 1 . 00 1 0 . 9 
� � 

� 
0 3 622 0. 1 1 7  5 1 . 2  6. 50 -1 30 6. 70 1 0 . 2 N 

'-
H 1<"\ 

6 . 0  P-. '- 4 538 0 . 1 1 9  52. 3 6. 50 -75 9 . 60 1 0. 1 '" 
A � rj 5 5 2 1  0. 1 2 1 53. 0 6. 75 -80 5 . 60 1 0. 2  68. 2 4. 4 38 1 8. 3  1 1 . 0  1 2. 1  24. 2 H 
I'". 



DATE 
� 

SETTING iNuMBER COD BOD TS VS pH Eh DO TEMP N03-N NH4-N TKN DKN DIP TDP TP FILTER 

mg/l mgjl % %rS mV mgjl Cc mgjl mgjl mg/l mg/l mgjl mg/l mg/l FLOW 
H l/min Po. 

1 5296 p. 6 1 1 6 1 . 6  7. 95 -230 4. 90 10 .0  - ( 2) 
- 1 33 98. 4 5. 3 6. 2 27. 3 

'< 
� � 2 1 653 P. 1 92 60. 9 6. 60 -240 1 .  50 1 4. 2  

� 
0 N 

p. 1 28 H -;;::, 3 527 45. 0 7. 00 -1 60 3. 1 0  1 5. 0  
Po. '-If\ 

p. l 08 P'1 c-: 4 530 49. 8  7. 50 -90 8. 30 1 5. 0  0. 109 ..: 
H 

5 696 p. 1 37 46. 3 7 .02 -90 3. 30 1 4. 3  - - 36 34. 6 1 4. 3  1 5 . 4 · 1 5. 9 

1 5622 p . 487 61 . 1  

:§: � 2 1 532 P. 1 58 59. 3 6 . 60 -245 1 . 1 0 1 3. 2  

� 
l!\ 

l!\ t<\ P. 1 1 2 r--- '- 3 545 45. 3 7. 40 -1 30 7. 30 1 5. 0  '- H N 
CD Po. '-'- l!\ 

675 p. 1 53 7. 65 N e;j c-: 4 50. 0  -80 8. 00 1 5. 0  0. 1 95 N 
H 

5 575 b. 1 1 3 46. 0 7. 30 -55 6. 1 0  1 4. 9  - - 23 1 4. 9  1 3. 6  1 4. 7  1 5. 4  

2 1 668 b. 1 66 59. 5 7. 55 -290 0. 90 9. 3 
-;:;.;-
� � 

3 596 b. 1 32 6. 55 
� 

0 55. 2 -1 50 7. 70 8. 4 
N 

H -;;::, 4 551 b. 1 32 56. 1 6. 52 -75 1 0. 1 0  8. 4 6. 3 
Po. '-l!\ 
A c-: 5 593 � p. 1 32 52 . 4  6. 00 -80 6. 00 8. 2 - - 35 1 8. 3  1 1 . 7 1 2 . 5  1 3. 9  
H ... 



Footno t es t o  Tabl e App. V : 1 

( 1 ) Flow rat e s  over the t ri ckl ing fil t er were measured dail:y 

dur i ng the 4 weeks of each t reatment , not j us t during 

the final monitoring week. 

( 2 ) - denotes a missed samp l e .  



TABLE APP. V: 2 DATA MEANS OF ALL TREATMENTS 

PLANT Sm'TING NUMBER COD BOD TS VS pH � DO TEMP 
mgjl mg/l % %rS mV mgjl °c 

A 5/3/20: 1 1 8343 1 423 0. 77 1 8. 5 1  -1 30 2 . 67 2 1 . 9  
r 

2 2363 701 0. 2 1 1 7. 56 -320 0. 50 22. 2 

3 1074 1 99 0. 1 6 1 7. 70 -26 1  0. 42 22. 5 

4 84 1 1 2 1 0. 1 50 7. 77 -99 5. 22 22. 3 

5 885 252 0. 1 55 7. 80 - 1 23 0 . 54 22. 1 

A 5/1 /35 : 1 1 6326 1 079 0. 646 8. 40 - 1 4 1  4. 23 1 8. 0  

2 2335 692 0. 1 94 7. 25 -31 3 0. 72 1 9. 5  

3 890 1 64 0. 1 28 7. 57 -1 88 3. 66 1 9. 8  

4 41 8 60 0. 1 05 7 . 68 -1 02 7.00 1 9. 4  

5 1 5 1 7  433 0. 1 63 7. 4 1  -243 2 . 82 1 9. 4  

A 5/2/5 : 1 1 5545 946 0. 596 8. 2 1  -1 81 5 . 48 1 5 . 5  

2 1 625 482 0. 1 47 7 .08 -296 0 . 92 7. 0 

3 892 1 65 0. 105 7. 65 -1 85 1 . 41 7. 9 

4 801  1 1 5  0. 1 01 7. 69 -1 32 6. 60 6. 5 

5 1 043 298 0. 1 1 5  7. 59 -1 70 1 . 26 6. 2 

N03-N NH4-N TKN DKN 
mgjl mg/l mgjl mgjl 

2 . 49 45. 60 360. 00 228. 50 

3. 1 7  5 1 . 59 1 02. 40 64. 20 

1 . 94 3 1 . 70 2 1 3. 50 90. 25 

1 3. 43 53. 56 83. 20 66. 00 

1 . 1 4 22. 28 98. 80 58. 62 

5 . 74 35. 46 74. 20 54. 80 

DIP TDP 
mgjl mg/l 

3. 74 4. 1 0  

1 4. 84 1 6 . 50 

4. 10  6. 68 

1 7. 04 20. 48 

7. 02 9. 22 

1 7. 42 1 8. 42 

TP 
mgjl 

39. 02 

22. 52 

30. 28 

25. 02 

35. 1 3  

22 . 24 

"'ILTER 

��� , i '" 

0. 1 1 9 

0. 1 94 

0. 032 



PLANT SETTING NUMBER COD BOD TS VS pH Eh DO TEMP N03-N NH4-N TlC,T D:'N IlIP TDP IT' iFILTER 
FLOW 

mg/l mg,1l % %1'3 mV mgll °c mg/l mg/l mg/l mg/l mg/l mg/l mg/l l/min 

A 5/2/35 : 1 1 6282 1 072 0. 6 1 9  8.00 1 0  6 . 86 1 2. 7  2. 2E 1 4. 00  92. 25 64. 00 4. 42 1 2. 90  2 1 . 05 

2 1 46 1  433 0. 1 32 6. 89 -270 1 . 65 1 5 . 4  

3 5 1 8  95 0. 094 7. 26 -1 6 1  3. 99 1 5. 5  

4 359 52 0. 082 7. 35 -1 1 2  7. 36 1 5 . 4 0 . 1 97 

5 536 1 53 0. 093 7. 29 -1 95 5 . 44 1 5. 2  1 1 . 04 1 .  63 2 1 . 00  1 8. 20 1 8. 28 1 9. 1 5  1 9. 86 

A 5/3/5 : 1 1 7096 1 2 1 0  0 . 762 2. 1 5 -58 6. 80 1 0 . 5 1 . 60 1 4. 40 81 . 00 ,t9, 00 '3 , 25 1 2. 30 27. 00 
2 1 478 438 0. 1 47 6. 99 -273 1 . 22 1 2 . 9  

3 591 1 09 0. 1 04 7. 46 -2 1 4  2. 28 1 3. 8  

4 538 77 0. 1 02 7. 60 -1 56 7. 28 1 3. 0  0, 028 

5 633 1 00  0. 1 07 7. 5 1  -1 5 3  3. 50 1 2. 1  5 . 30 23. 85 82. 50 5 1 . 75 1 5. 83 1 7. 05 1 9. 58 

B 5/3/20: 1 1 8243 1 366 0. 773 

2 281 6 866 0. 269 7. 29 -322 0. 40 22 . 0  

3 1 022 1 87 0. 1 68 7. 55 -23 1  0. 39 22. 5 

4 809 1 09 0. 1 64 7. 69 -97 5 . 09 22. 4 0 .090 

5 938 1 67 0. 1 6 1  7. 63 -1 20 0. 66 22.0 3 1 . 64 1 3. 83 360. 0 38. 43 1 3. 20 1 4. 32 1 9.06 



PLANT SEJrTING NUMBER COD BOD T:3 VS p:{ Eh DO TEMP N03-N NH4-N TKN DYN DIP TDP TP FILTER 
:F'LOW 

mg/l mg/l % %rS mV mg/l °c mg/l mg/l mg/l mg/l mg/l mg/l mg/l l/min 

A 5/2/35 : 1 1 6282 1 072 0. 6 1 9  8 .00 1 0  6. 86 1 2. 7  2. 26 1 4. 80  92. 25 64. 80 4. 42 1 2. 90  2 1 .05  

2 1 461 433 0. 1 32 6. 89 -270 1 . 65 1 5 . 4  

3 5 1 8  95 0. 094 7. 26 -1 6 1  3. 99 1 5. 5  

4 359 52 0. 082 7. 35 -1 1 2  7. 36 1 5. 4  0. 1 97 

5 536 1 53 0. 093 7. 29 -1 95 5 . 44 1 5. 2  1 1 . 04 1 . 63 2 1 . 00  1 8. 20 1 8. 28 1 9. 1 5  1 9. 86 

A 5/3/5: 1 1 7096 1 2 1 0  0 . 762 8. 1 5 -58 (i. 80 1 0. 5  1 . 60 1 4. 40 81 . 00 4·9,. 00 5, 25 1 2. 30  27. 80 
2 1 475 438 0. 1 47 6. 99 -273 1 . 22 1 2. 9  

3 591 1 09 0. 104 7. 46 -21 4 2. 28 1 3. 8  

4 538 77 0. 102 7. 60 -1 56 7. 28 1 3. 0  0. 028 

5 633 1 80  0, 1 07 7. 5 1  -1 5 3  3. 50 1 2. 1  5 . 30 23. 85 82. 50 5 1 . 75 1 5. 83 1 7.05  1 9. 58 

B 5/3/20: 1 1 8243 1 366 0. 773 

2 281 6 866 0. 269 7. 29 -322 0. 40 22. 0  

3 1022 1 87 0. 1 68 7. 55 -231 0. 39 22. 5 

4 809 1 09 0. 1 64 7. 69 -97 5 . 09 22. 4 0 .090 

5 938 1 67 0. 1 6 1  7. 63 -1 20 0. 66 22 . 0  31 . 64 1 3. 83 360. 0 38. 43 1 3. 20 1 4. 32 1 9. 06 



PLANT SETTING NUMBER COD BOD TS VS pH Eh DO TEMP N03-N NH4-N TKN DKN DIP TDP TP FILTEE 
mgll mg/l % %I's mV mg/l QC mg/l mg/l mg/l mg/l mg/l mg/l mg/l FLOW 

l/miI 

B 5/1 /20: 1 1 6068 1 006 0. 627 

2 2689 827 0. 220 7. 23 -310 0. 71 1 9. 3  

3 1 1 42 209 0. 1 55 7. 55 -1 58 3. 76 1 9. 3  

4 821 1 1 1  0. 1 4 1 7. 67 -70 7. 30 1 9. 3  0. 1 1 3  

5 1 6 1 8  288 0 . 1 73 7. 49 -1 73 3. 75 1 8. 9  45. 96 29. 53  64. 00 49. 40 1 7. 24 2 1 . 40 28. 36 

B 5/1/5: 1 1 6 1 55 1 020 0. 605 

2 1 689 5 1 9  0. 1 48 7. 42 -289 1 .  30 1 6 . 9  

3 789 1 44 0. 108 7. 57 -1 64 4. 32 1 6. 8  

4 792 1 07 0. 1 1 3 7. 94 -1 31 8. 50 1 6. 5  0. 031 

5 1 046 1 86 0. 1 2 1  7. 5 1  -230 3. 56 1 6 . 3 28. 02 1 7. 70 56. 60 37. 60 1 6. 1 6  1 7. 02 21 . 08 

B 5/2/20 : 1 1 6626 1 098 p. 596 

2 1 497 460 p. 1 45 6. 79 -262 1 . 69 1 5 . 0  

3 539 98 p. 096 7. 30 -1 51  5 . 1 6  1 5 . 2  

4 524 71 p. l oo  7. 43 -1 1 2  8. 24 1 5 . 4  0. 1 1 1  

5 631 1 1 2 P. l 0 l  7. 22 -1 95 4. 74 1 5. 1  22. 52 7. 00 34. 00 29. 00 1 7. 88 1 8. 1 8  1 8. 92 



PLANT SE'rTING NUMBER COD BOD TS VS pH � DO TEMP N03-N NH4-N TKN DKN DIP TDP TP FILTER 
mg/l mg/l % rdrS mV mg/l QC mg/l mg/l mg/l mg/l mg/l mg/l mg/l FLOW 

l/min 

B 5/3/35: 1 1 6604 1 095 0 . 782 

2 1 5 1 5  466 0 . 1 47 7. 36 -287 1 .  28 1 2. 5  

3 575 105  0. 1 09 7. 27 -1 70 5 . 32 1 3. 4  

4 507 69 0. 1 09 7. 45 -1 24 8. 58 1 3. 7  0. 1 95 

5 625 1 1 1  0. 1 1 0 7. 37 -1 56 6 . 00 1 3. 3  52 . 95 4. 03 64. 75 37. 50 1 4. 1 8 1 6. 1 3  1 9. 78 

F 5/3/20: 1 2 3092 0. 246 7. 84 -345 0. 29 20. 5 

3 957 0. 1 54 7. 85 -1 57 2. 1 8  20. 6  

4 002 0. 1 54 7. 95 -104 6 . 45 20. 7 5 . 48 

5 939 0. 1 52 7. 90 -1 1 7  1 . 06 20. 8 2 . 49 25. 38 500. 00 1 58. 50 3. 74 4. 1 0  39. 02 

F 5/1 /20: 1 2 32 1 5  0 . 235 7. 90 -337 0. 44 1 7. 1  

3 927 P. 1 28 7. 72 -1 38 7. 02 1 7. 6  

4 739 p. 1 26 7. 79 -102 8. 1 4  1 7. 5  5 . 94 

5 1 1 38 p. 1 44 7. 68 -1 1 9  5. 44 1 7. 4  1 .  67 31 . 70 1 88. 60 90. 25 4. 1 0 6 . 68 30. 28 



PLANT SETTING NUMBER COD BOD TS VS pH � DO TEMP N03-N NH4-N TKN DKN DIP TDP TP FILTER 

rog/l rog,1l % %rS roV rogjl QC rogjl rogjl rogjl rogjl rogjl rog/l rogjl ��� 1 in 

F 5/2/35: 1 2 1 529 0. 1 38 7. 37 -279 1 . 38 1 1 . 4  

3 65 1 0. 1 1 2  7. 32 -1 60 7. 76 1 1 . 4  

4 489 0. 1 00 7. 37 -1 26 9. 36 1 1 . 5  1 1 . 20 

5 554 0. 1 02 7. 39 -1 35 7. 62 1 1 . 2  48. 1 E  3. 1 2  33. 60 23. 40 1 4. 36 1 5. 30  1 7. 06 

F 5/3/5: 1 2 1 695 0. 1 49 7. 53 -284 1 .  52 7. 5 

3 739 0. 1 1 3 7. 46 -204 3. 44 7. 4 

4 589 0. 1 1 0 7. 52 -1 60 9. 94 7. 5 1 . 560 

5 641 0. 1 1 3 7. 52 -1 50 5. 1 6  7. 0 36. 0' 1 0. 25 39. 75 1 7. 00  1 2. 23 1 3. 50 1 7. 1 8  

A 7. 5/2/5: 1 1 5283 1 25 1 0. 591 66. 4 7. 97 -95 6 . 52 9. 9 2. 1 0  22. 55 1 74. 75 40. 00 5 . 23 6. 1 0  30. 20 

2 1 352 479 0. 1 37 54. 9 6. 74 -248 2 .00 1 3. 7  

3 684 1 39 0. 1 06 44. 0 7 . 47 -208 1 . 80  1 4. 3  

4 595 103 0. 103 43. 4 7. 63 -t61  6. 24 1 4. 4  0.030 

5 7 1 5  207 0. 108 45. 5 7. 37 -1 73 2 . 84 1 3. 0  2. 1 3  33. 05 60. 50 40. 00 1 2. 20 · 1 3 . 68 1 6 . 53 



PLANT SETTING NUMBER COD BOD TS VS pH � DO TEMP N03-N NH4-N TKN DKN DIP TDP TP FILTER 
mg/l mg/l % %rS mV mg/l Cc mg/l mg/l mg/l mg/l mg/l mg/l mgjl FLOW 

l/min 

A 7. 5/3/20 : 1 1 5394 1 278 0. 6 1 0  61 . 7 8. 1 5  -89 6. 54 1 1 . 9  2 . 70 20. 85 1 38. 00 84. 43 4. 66 5 . 46 32. 72 

2 1 505 533 0. 1 65 59. 7 6. 64 -265 0. 98 1 4. 6  

3 545 1 1 0 0. 1 22 48. 9 7. 01 -1 60 3. 1 2  1 5 . 3  

4 541 93 0. 1 2 1  50 . 7  7. 46 -83 8. 34 1 5 . 2  0. 1 08 

5 61 1 1 77 0. 1 25 49. 0 7. 02 -85 3. 30 1 4. 8  54. 95 2. 53  34. 00 29. 20 1 3. 22 1 4. 00 1 9. 28 

A 7. 5/1/35: 1 1 8730 2068 0. 920 57. 2 8. 28 -20 6 .06 1 3. 7 4. 79 28. 45 256. 25 1 46 . 50 5 . 78 6 .03 54. 43 

2 2341 830 0. 229 56. 1 7. 1 2  -306 0. 76 1 4. 7  

3 607 1 23 0. 1 63 47. 4 7. 00 - 1 43 6. 78 1 5. 4  

4 593 1 02 0. 1 67 47. 7 7. 07 -68 8. 62 1 5. 3  0. 1 92 

5 1 381 40 1 0. 1 87 49. 4 7. 20 -234 4. 44 1 5. 0  76. 79 28. 50 82 . 00  48. 40 26. 7 1  29. 1 8  31 . 39 

A 7. 5/1/5 : 1 1 5491 1 30 1  0. 545 66. 5 8. 09 -68 5. 91 1 8. 1  1 . 75 27. 76 1 97. 00 72. 80 7. 38 8. 68 54. 61  

2 2607 924 0. 240 60. 6 6. 76 -276 0. 94 1 8. 7  

3 7 1 3 1 44 0. 1 44 40. 7 7. 44 - 1 84 2 . 36 1 9. 6  

4 6 1 9 1 07 0. 1 41 40. 9 7. 68 - 123  7. 59 1 8. 4  0 .030 

5 1 443 41 9 0. 1 83 5 1 . 7  7. 03 -235 2 . 22 1 8. 1  24. 05 2 1 . 88 67. 00 40. 80  28. 69 32. 1 0  39. 43 



PLANT SEn'TING NUMBER COD BOD TS VS pH � DO TEm' N03-N NH4-N TKN DKN DIP TDP TP FILTER 
myl mg,1l % %Ts mg/l QC mg/l mg/l mg,1l mg/l mg/l myl mg/l FLOW mV l/min 

A 7. 5/3/5 : 1 1 1 1 1 54 2643 1 . 1 76 71 . 9 8. 1 6  -1 1 2  4. 84 1 9. 0  1 .  76 2 1 . 6 1 207. 00 1 01 . 20 5 . 55 7. 1 0  47. 52 

2 3631 1 287 0. 320 63. 9 6. 81 -310 1 . 1 7 1 9. 7  

3 1 490 302 0. 231 46. 7 7. 49 -20 1 0. 87 1 9. 8  

4 1 288 223 0. 2 1 9  45 . 5  7. 60 - 14 1  5 . 86 1 8. 9  0. 030 

5 1 677 487 0. 263 47. 5 7 .43 -205 0. 38 1 8. 6  1 1 . 90  36. 69 83. 75 55. 50 30 . 49 34. 33 41 . 69 

B 7. 5/2/5 : 1 1 6372 1 841 0. 603 66. 8 

2 1 1 65 405 0. 1 30 53. 6 7. 49 -273 1 . 1 4  1 3. 3  

3 609 105  0. 1 00 44. 1 7. 52 - 1 88  3. 00 1 3. 9  

4 5 1 8  91 0. 1 07 47. 1 7. 76 - 142 7. 96 1 4. 6  0 . 030 
5 71 4 1 00  0. 1 04 46. 4 7. 54 - 174 2 . 90 1 3. 4  23. 53 1 5 . 83 44. 75 40. 00 9. 78 1 0. 98 1 4. 53 

B 7. 5/2/35 : 1  1 4854 : 402 0. 578 6 1 . 3 

2 1 556 542 0. 1 67 59. 2 6. 66 -254 1 . 74 1 4. 3  

3 542 94 0. 1 1 6 48. 0 7. 28 -1 22  7 .04 1 5 . 2  

4 585 1 03 0. 1 27 5 1 . 0  7. 49 -75 8. 46 1 5. 3  0 . 1 95 

5 625 1 58 0. 1 1 7 48. 3 7. 1 2  -75 4. 38 1 5 . 1  46. 85 5. 95 30.40 23. 92 1 2. 32 1 3. 52 1 8. 44 



PLANT SETTING NUMBEli COD BOD TS VS pH Eh DO TEMP N03-N NH4-N TKN DKN DIP TDP TP FILTER 
mg/l mg/l % %rS mV mg/l QC mg/l mg/l mgll mg/l mg/l mg/l mg/l Flj�� 1 in 

B 7. 5/1/20 : 1 1 8482 245 1 0. 920 58. 3 

2 2447 852 0. 236 56. 4 7. 20 -306 0. 68 1 4. 4  

3 597 1 03 0. 1 70 46. 1 7. 1 9  -1 45 6. 30 1 5. 2  

4 640 1 1 3  0. 1 66 47. 2 7. 32 -77 8. 1 2  1 5 . 2  0 . 1 08 

5 982 248 0. 1 69 46 . 6  7. 30 -206 5 . 22 1 5. 0  66. 26 22. 1 7  70.00 35. 60 24. 54 26. 1.9 28. 87 

B 7. 5/3/35: 1 1 5548 1 603  0. 543 67. 1 

2 2553 889 0 . 226 62 . 5  6 . 70 -280 1 . 1 6  1 8. 2  

3 690 1 1 9 0. 1 34 43. 6 7. 45 -1 6 1  5 . 52 1 8. 8  

4 734 1 29 0. 1 42 45. 3 7. 59 - 105 7. 46 1 8. 9  0. 200 
5 857 2 1 6  0. ' 47 46. 3 7. 3 1  -1 1 1  2 . 04 1 8. 7  35. 92 7 .04 4'�. OO  20. 80 27. 09 31 . 04 34. 47 

B 7. 5/2/20: 1 1 1 1 250 . .'5 1  1 .  ' 04 71 . 1  

2 3879 . 35 1  0. }25 6 5 . 0  6. 82 -326 0. 68 1 8. 5  
3 1 650 286 0. 209 52. 1 7. 45 -230 0. 67 1 9. 1 

4 1 472 260 0. 207 5 1 . 1  7. 5 1  -1 35 5. 62 1 9. 7  0. 1 10 

5 1 981 501 0. 228 54. 3 7. 34 -223 0 . 26 1 8. 5  1 8. 39 27. 63 8>:. 00 t'�8. 00 27. 96 3 1 . 37 39 . 94 



---- ------

PLANT SETTING NUMBEI COD BOD TS VS pH � DO TEMP N0
3

-N NH4-N TKN DKN DIP TDP TP FILTER 

mdl mgjl % fdl'S mV mgjl Cc mg/l mgjl mg/l mg/l mgjl mg/l mg/l FLOW 

l/min 

F 7. 5/2/5 : 1 2 1 458 0. 1 38 59. 7 7. 44 -269 2 . 84 7. 3 

3 668 0. 1 03 52 . 6  7. 1 3  -1 00 4. 1 2  7. 2 

4 458 0. 1 02 53. 6 7. 1 5  - 1 43 10 . 24 7. 3 1 . 500 

5 6 1 4  0. 1 0 1  5 1 . 9  7. 1 8  -1 67 4. 52 7. 1 42. 25  1 0. 65 35. 50 29. 50 8. 20 9. 25 1 2. 38 

F 7. 5/3/20 : 1 2 1 554 0. 1 72 55. 1 7. 52 -300 0. 92 1 0. 9  

3 566 0. 1 1 7 55. 1 6 . 72 -1 47 7. 1 8  1 0. 7  

4 5 1 5 0. 1 1 9 56. 2  6. 72 -79 9. 62 1 0 . 7  6. 466 

5 535 0. 1 31 50. 7 6 . 91  -83 6. 1 4  10. 6 62. 30 4. 33 29. 20 1 8. 62 1 0. 06 1 1 . 62 1 5. 38 

F 7. 5/1/35 : 1 2 2676 0. 2?9 59. 6 8. 1 0  -329 0. 54 1 2. 0  

3 1 1 77 0. 1 70 53. 4 7. 1 3  -1 45 8. 1 2  1 2. 6  

4 746 0 . 1 :)8 5 1 . 1  7. 06 -109 9. 04 1 2. 6  1 1 . 200 
5 849 0. 1 50 45. 6 7. 34 - 1 84 7. 26 1 2. 5  91 . 5 1  1 1 . 46 66. C{': )<, . 00  2 1 . 1 9  23. 03 26. 28 



PLANT SE'I'l'ING NUMBEJ COD BOD 
mg/l mgll 

A 1 0/1 /35: 1 1 7803 2302 

2 2209 378 

3 605 58 

4 487 63  

5 1 783 41 1 

A 1 0/3/35 :  1 1 5 1 03 1 505 

2 1 474 252 

3 405 39 

4 364 47 

5 484 1 1 2 

A 1 0/2/20 : 1 1 8008 2598 

'? 2877 493 

3 549 53 

4 533 69 

5 1 650 380 

---- -------------

TS VS pH � DO TEMP N03-N 

% %rS mV mg/l QC mg/l 

0. 800 72. 3 8. 3 1  - 108 2. 96 23. 2 3 . 1 5  

0. 226 53. 7 6. 77 -302 1 . 32 20. 9 

0. 1 60 35. 6 7. 35 -1 88 5. 52 2 1 . 5  

0. 1 55 35. 8 7. 45 -1 28 7. 70 2 1 . 3  

0. 207 50. 1 7. 02 -256 4. 28 20. 7 45. 54 

0. 5 1 0  70 . 3  8. 31 3 3. 58 2 1 . 0  5. 84 

0. 1 89 48. 9 6. 90 -301 1 . 63 20. 9 

0. 1 6 1  41 . 1  6. 99 - 1 76 4. 55 2 1 . 1  

0 . 1 67 40. 3 7. 1 3  - 1 1 1  7. 88 20 . 9  

0. 1 6 1  41 . 4 7. 07 -1 70 4. 40 20. 4 96. 27 

0. 9 1 6  75 . 8  8. 31  -35 3. 94 20. 3 7. 39 

0. 293 53. 2 7 . 2 3  -291 1 . 42 1 8. 7  

0. 1 97 40. 1 6 . 84 -1 57 4. 62 1 9. 4  

0. 1 98 4 1 . 4  6 . 83 -95 7. 48 1 9 . 0  

0. 209 39. 9 7. 26 -1 9 1  2. 40 1 8. 3  70 . 53 

-------- - -

NH4-N TKN DKN DIP TDP TP FILTER 

mg/l mg/l mg/l mg/l mg/l mg/l ��� 1 i T1 

38. 80 ?49. 72 1 36 . 72 3. 89 4. 8') 30. 96 

0. 200 

26. 55 63. 43 52. 3E 24. 48 25 . 8E  30. 84 

43. 48 b52. 50 1 62. 20 2. 82 3. 02 34 . 68 

0. 200 
1 5. 1 6  38. 04 28. 20 1 8. 39 1 9. 79 20 . 88  

37. 54 �4. 20 206 . 62 3. 55 5 . 1 2  42. 1 7  

0. 1 20 

66. 79 97. 02 1 02 . 80 20. 86 22. 1 9  25 . 77 



PLANT SETTING NUMBEF COD BOD TS VS pH Fn DO TEMP N03-N NH4-N TKN DKN DIP TDP TP FILTER 
mg/l mg/l % %rS mV mg,ll QC mg/l mg/l mg/l mg/l mg/l mg/l mg/l �OW 

1 min 

A 1 0/3/5: 1 1 5421 1 599 0. 524 67. 1 8. 21  -41 4. 1 0  22. 1 2. 30 1 3. 88 208. 20 96. 70 2. 83 3. 82 35. 1 8  

2 1 82 1  31 2 0 . 1 88 54. 8 6. 88 -269 1 .  1 6  20. 7 

3 91 5 88 0. 1 54 45. 0 7. 1 7  -1 64 2. 98 2 1 . 5 

4 850 1 1 0 0. 1 6 1 46. 1 7. 55 -97 7. 1 6  20. 5 0. 030 

5 1 057 244 0 . 1 67 47. 3 7. 26 - 106 3. 1 6  1 9. 9  29. 97 21 . 09 65. 44 48. 52 2 1 . 57 23 .09 26. 44 

A 1 0/ 1/5 :  1 1 4576 1 350 0. 590 70. 5 8. 36 -53 5. 1 3  1 7. 8  2. 30 22. 56 244. 20 1 88. 60 1 . 44 1 . 91 1 2. 31 

2 1 0 33 1 77 0. 1 61 54. 8 6 . 71  -26 1  1 .  23  1 8. 5  

3 350 34 0. 1 26 46 . 5  7. 1 8  - 148 4. 68 1 9. 6  

4 336 43 0. 1 44 50 . 1  7. 1 6  -75 8. 1 6  1 8. 4  0 . 0 30  
5 541 1 25 0 . 1 27 50. 7 6. 97 -1 55 5. 30 1 7. 9  1 7. 37 25 . 63 67. 90 42 . 87 1 3. 36 1 3. 94 1 4. 56 

B 1 0/1 /35 :  1 1 8695 2 325 0. 776 71 . 9  

2 25 1 9  759 0 . 230 54. 5 6. 78 -305 0. 82 20 . 7  

3 929 1 99 0. 1 75 43. 0 7. 59 -171  6 . 08 2 1 . 6  

4 9 1 0  220 0. 1 76 44. 6 7. 76 - 123  7. 66 2 1 . 5  0. 200 

5 1 31 2  395 0. 1 94 47. 2 7. 06 -209 3. 94 120. 8 45. 76 2 1 .  82 71 . 1 6 53. 30 20. 81 22. 56 27. 1 4  



PLANT SETTING NUMBER COD BOD TS VS pH � DO irEME' N03-N NH4-N TKN DKN DIP TDP TP FILTER 
mg,1l mg/l % :toTS mV mg/l QC mg,1l mg/l my 1 mg/l my 1 my 1 my 1 FLOW 

l/min 

B 1 0/1/20: 1 1 4874 1 303 0. 5 1 3 7 1 . 1  

2 1 622 489 0. 1 98 48. 9 6. 93 -309 0. 88 20. 3 
3 61 7 1 32 0. 1 73 45. 0  7. 20 - 1 85 5. 33 20. 5 

4 579 1 40 0. 1 84 46. 1 7. 42 -1 2 1  8. 23 20. 5 0. 1 1 0 

5 876 264 0. 1 73 44. 2 7. 1 3 -249 4. 60 20. 1 82. 37 33. 34 67. 9E 49. 44 1 6. 57 1 7. 00  1 9. 65 

B 1 0/3/20: 1 1 7838 2096 0 . 9 1 1 73. 8 

2 2040 6 1 4  0. 246 49. 0  7. 1 9  -31 0 0. 82 1 8. 4  

3 649 1 39 0. 1 90 40. 1 7. 1 9  -1 56 4. 74 1 8. 6  

4 648 1 57 0. 1 94 41 . 1  7. 32 -87 7. 78 1 8. 6  0 .075 

5 796 240 0. 1 92 39. 7 7. 22 -1 43 1 . 00 1 8. 2  1 07 . 23 1 5. 59 48. 44 33. 30 1 8. 26 1 9. 1 7 2 1 . 59 

B 1 0/2/5: 1 1 5592 1 495 0. 534 67. 6 

2 1 41 6  427 0. 1 66 53. 2 6. 63 -287 1 . 00 20. 7  

3 885 1 90 0. 1 47 45. 8 7. 30 -1 73 3. 50 20. 9  
.. 

4 804 1 94 0. 1 55 46. 2 7. 69 -1 1 0  7. 42 20. 6 0 .030 

5 972 293 0. 1 54 46. 7 7. 1 6  -1 30 2. 98 20. 0 33. 1 0  1 4. 66 60. 62 37. 82 1 6 . 73 1 7. 97 20. 1 1  



PLANT SETTING NUMBER COD BOD TS VS pH � DO TEMP N03-N NH4-N TKN DKN DIP TDP TP FILTER 
mg/I mg,h % 1ars mV mg/I QC mg/I mg/I mg/I mg/I mg/I mg,h mg/I FLOW 

I/min 

B 1 0/2/35 : 1 1 3936 1 060 0. 590 70. 5 

2 761 229 0. 1 42 5 1 . 9  6 . 83 -275 1 . 1 8 1 8. 4  

3 268 57 0. 1 38 49. 8  6 . 79 -1 22 7. 1 8  1 8. 9  

4 247 60 0. 1 44 53. 9 6. 93 -57 8. 56 1 9. 0  0. 1 95 

5 290 87 0. 1 42 50 . 4  6 . 87 -1 1 2  5 . 70 1 8. 6  1 5. 41 9. 1 6  36 . 40 23. 00 1 1 . 94 1 2. 64- 1 3. 74 

F 1 0/3/35 :  1 2 2053 0 . 208 53. 3 7. 66 -340 0. 30 20. 2 

3 679 0. 1 89 48. 9 6 . 93 - 17 1  6 . 27 20. 5 

4 71 2 0. 206 5 1 . 9  6. 90 -1 29 6 . 66 20. 6 10 . 3 10 

5 603 0. 1 90 48. 9 6 . 99 -130 2. 40 2 1 . 7 1 22. 77 2. 43 29. 1 6  1 7. 20 1 6. 94 1 8. 2 1  20. 35 

F 10/2/20: 1 2 2463 0. 255 53. 6 7. 55 -31 3 0. 32 1 7. 7  

3 881 0. 233 52. 5 6. 82 -1 38 5 . 46 1 8. 5  

4 852 0. 234 5 1 . 6  6 . 63 -86 7. 20 1 8. 6  6. 733 

5 985 0. 232 5 1 . 1  6 . 97 -1 03 2 . 08 1 8. 4  1 39. 74 8. 80 54. 85 26. 1 8  1 8. 40 1 9. 47 22. 22 



PLANT SETTING NUMBEIi COD BOD TS VS pH Eh DO TlliP N03-N NH4-N TKN DKN DIP TDP TP FILTER 
mgh mgjl % %rS mV mg/l QC mgjl mgjl mgjl mg/l mg/l mg/l mg/l FLOW 

l/min 

F 1 0/1/5: 1 2 1 1 48 0. 1 45 55. 1 7. 1 2 -276 1 .  42 1 5. 9  

3 527 0. 1 48 56. 0 6 . 97 - 1 5 1  5 . 68 1 6. 0  

4 41 8  0. 1 48 58. 8 6 . 46 -63 9. 06 1 5 . 9  1 . 300 

5 547 0. 1 55 58. 1 6 . 96 -60 6 . 63 1 6 . 4  22. 93 5 . 83 38. 53 27. 1 2  1 2 . 82 1 3. 34 1 4. 91 



APP ENDI X VI 

LABORATORY PLANT DATA PROtv[ ANAEROBI C AND 

AERO BI C SOLl l);) l·U::�:OVAII 



AVI : 1 

Treatment Sol ids Volume TS V S  
Setting Source Hemoved ( 1 )  ( %) ( %  TS)  

5/3/20 : 1 An. Slurry( 1 ) 20 3. 56 -

5/1 /35 : 1 An. Slurry 20 4 . 1 6  -

Ae.  Slurry( 2 ) 2 1 .  48 -

5/2/5 : 1 An. Surface Mat - 9. 03  -

An. Slurry 20 3 . 0 1  -

Ae. Slurry 2 1 . 29 -

5/2/35 :  1 An. Surface ]V[a t - 1 0 . 1 2  -

An. Slurry 20 3 . 78 -

Ae. Slurry 4 1 .  24  -

5/3/5 : 1 An. Surfac e ]VIa t - 1 1 . 57 -

An. Slurry 20 4 . 0 1  -

Ae. Slurry 8 0 . 68 -

5/1 /20 : 1 An. Surfac e Mat - 9. 04 -

An. Slurry 20 3. 84 -

Ae. Slurry 2 2 . 89 -

5/1 /5 : 1 An. Surface Mat - 7 . 93 -

An. Slurry 20 3. 25 -

Ae.  Slurry 2 2 . 1 8 -

5/2/20:  1 An. Surface Mat - 9 . 90 -

An. Slurry 20 3. 84 -

Ae . Slurry 4 0 . 94 -

5/3/35 :  1 An. Surface Mat - 6 . 25  -

An. Slurry 20 3. 87 -

Ae. Slurry 8 0 . 74 -

7. 5/2/5 : 1 Ae. Slurry 1 0 . 40 70. 4 

7. 5/3/20 : 1 An. Surface Mat - 1 6 . 86 53. 9 
An. Slurry 30 4. 68 53 . 4 
Ae. Slurry 1 6  0 . 47 63 . 3  



Trea tment Sol ids Volume T S  V S  
S e t ting Sou rce H ellloved ( 1 )  (%) ( %  T S )  

7 . 5/ 1 /35 : 1 A e .  S lu rry p 0 . 87 6 7 . 0 " 

7 . 5/1 /5 : 1 An. Surfa c e  ]VIa t - 1 3. 77 49 . 1 
An. Slurry 28 5 . 80 47 . 3 

7 . 5/3/ 5 :  1 A e .  Slurry 1 6 0 . 6 3 6 :5. U 

7. :;/2/35 : 1 An . Su rface lVJa t - 1 2 . 46 5'1 . G 
An. Slurry 38 4 . 28 56 . 4 
Ae.  Slurry 9 . 5 0 . 74 6 9 . 2 

7 . 5/ 1 /20 : 1 Ae . S lurry 8 1 . 07 69 . 3 

7 . 5/3/35 : 1 An. Surface Mat - 1 2 . 83 48. 3 

An. Slurry 3G 4 . 79 4c:. 6 

Ae . S lurry 1 6  0 . 7 0  70. 3 

7. 5/2/20 : 1 A e . S lurry 8 0 . 7 5 rf). 5 

1 0/1 /35 : 1 Ae . Slurry [1 1 . 0 3 c/4. 4 

1 0/ 1 /20 : 1 An. Surface l"Ja t - 1 2 . 2 3 1)4 . 6 

An. Slurry 40 4 . 37 6 2 . 5 

1 0/3/20: 1 Ae. Slurry 1 6 0. 50 G9 . 0 

1 0/2/5 : 1 A e .  S lurry 8 0 . 4 9  74 . 1 

1 0/2/35 : 1  An. Sur face Hat - 1 0 . 2 1 6 9 . 8 

An. Slurry 80 2 . 4 2 66 . 1 
A e .  S lurry 1 0  0 . 2 5  G9 . 7 

1 0/3/35 : 1 An. Surfa c e  Mat - 1 3. 60 5 3. S 
An. S lurry 40 4 . 90 1..> 1 . 7 
Ae . Slu rry 1 0  0 . 68 (';9 . 9 

1 0/2/20 : 1 A e .  Slurry 8 0 . 80 'l O . O 

1 0/3/5 : 1 Ae.  S lu rry 1 6  0 . 85 '7') ') I (- • '-



'l'rea tment 
S e t t ing 

1 0/ 1 /5 :  1 An. 

An. 

Ae . 

Sol i ds Volume 
Source Hemoved ( 1 )  

Surfa c e  l'o1a t  -
Slu rry 80 
S lurry 8 

NOTES : ( 1 )  An. = Ana erobic 

( 2 ) Ae. Aerobic 

T S  V S  

( %) ( %  T S ) 

1 0 . 68 67 . 4 

2 .  3 1  6 3. 3 
0 . 82 ?2 . 0 



APP ENDI X VI I 

MONTHLY VARI ATI ONS IN .L' AI RY SHED EFF},UENT 
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FIGURE App. VI I : 2  
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PIGURE App. VII : 3  

24 

20 

1 6  t 
r--.. 
D 

0 
'-" 

/ � 1 2 j � F-< 

8 

4 

M J J A 

TEKPEHATURE AND DO IN DAIHY SHED EFFLUENT 

/ 
--.. 

� 
/ DO 

S 0 N D J F M 

TIME ( mths) 

,.-... 
rl 

tin s 
o � 

1 0  

1 8 

-1 6 

2 

A 
::t> 
<: 
t-
>--

v; 



FI GURE App. VI I : 4  
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F I GURE App, VI I : 5  
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FIGURE App. VI I : 6 
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FI GTTl;E App. \�1 : 7  
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APP EN DIX VIII;. 

DESI GN OF ANAEROBI C TANK AND TRI CKLI NG FILT ER AERATI ON 

SYSTEM FOR A 250 COW FACTORY SUPPLY DAI RY SHED 



A. VI I I : 1 

VII I :  1 )  ASSUNPTIONS F'JR PLANT DESIGN 

(a )  The total herd of 250 cows is in the shed for 280 days each 

year. The daily p ollution load is presented in Table Ap� .  

VI II : 1 .  

( b) Solids are to b e  removed from the anaerobic tank every two 

years and the mean hydraulic residence time must  remain 

greater than  3 days . 

( c) All lagoon8 batters have a 2 : 1 slope. The top of the 

embankment8 are 4m wide. 

(d )  The sludge accumulation rate in the anaerobic tank is 0 . 005  

m3/kg TS IN .  

( e ) The anaerobic tank is square , 3m deep and removes 70% of the 

BOD , COD and TS.  

( f) The aerobic tank provides a 4 day residence time.  I t  is the 

same width as the anaerobic tank and has a maximum depth of 

3m. 

( g) The trickling filter is 2m high and c ontains 40mm stone media. 

I t  is loadr�d at 0 . 1 75 kg BOD/m3 -day with a hydraulic load of 

1 8  m3 /m2 -day. 

(h) The centrifugal recycle pump is 50% efficient and the d=iving 

motor is 90% efficient. 

( i )  Anaerobic sludge has an fff� TS level and is distributed -to  

land at  50  tonne DM/ha. 

( j )  Aerobic s olids accumulation rate is 60% of the BOD removal 

rate. 70% BOD removal is achieved in the aerobic  phase. 

(k) Aerobic sl�dge contains 4% TS. 



-- .." 

TABLE 1�P . VIII : 1 

POLLUTION LOAD FROM A 250 COW 

FACTORY SUPPLY DAIRY SHED 

Parameter Load ( 1 ) 

COD 82 . 5 kg/day 

BOD 1 8. 8  kg/day 

TS 90. 0  kg/day 

VS 6 1 . 3  kg/day 

N03
-N 0 . 037 kg/day 

NE -N 4 0. 330 kg/day 

DKN 1 . 44 kg/day 

TKN 2. 56  kg/day 

TDN 1 .  47 kg/day 

TPN 1 .  1 3  kg/day 

TN 2. 60 kg/day 

DIP 0 . 057 kg/day 

TDP 0 . 081 kg/day 

DOP 0 . 025 kg/day 

TPP 0. 359 kg/day 

TP 0. 440 kg.! day 

Volume 1 7 . 5  m3/day 

NOTE: ( 1 )  Based on Table 8: 2 

A. VIII : 2  



VIII : 2 )  ANAEROBI C TANK DESI GN 

Minimum required volume = 

= 

3 x 1 7. 5  

52 . 5 m3 

A. VII I :  3 

(a ,  b) * 

Total sludge volume ::: 0 . 005 x 90 x 560 

252 m3 
(a , b, d)  

::: 

Therefore , total tank volume ::: 

::: 

52. 5 + 252 

305 m3 

::: Excavated volume 

Tank dimensions are 27. 3 x 27 . 3m and are shown in 

Figure App. VIII : 1 .  

( c , e )  

Embankment area ::: 0 . 4 x 4. 8 

::: 1 .  92 m2 

Fill for anaerobic embankments ::: 
::: 

2 1 . 7  x 1 . 92 x 4 
1 67 m3 

The anaerobic tank volume will provide an initial residence 

time of  1 7  day.s . 

Vl l I : 3) AEROBIC DESIGN 

VIII : 3 . 1 )  Aerobic Tank Design 

Tank volume ::: 
::: 

1 7 . 5  x 4 

70 m3 

::: Excavated volume 

Mean tank width ::: 1 0m 

Therefore , cross section = 

= 

70/10  

7 m2 

* Letters in parenthesis refer to the assumptions in Appendix 

VIII :  1 .  

( f) 

( f) 



FI GURE Anp. VI I I : 1 
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A. VII I : 5  

The aerobic tar� has a Vee bo ttom to ac commodate the 2: 1 

batter . Thus the surfac e length (x) to dep th ( y) relationship 

is ;  

x 4y 

and y 
Area 

The aerobic tank dimensions are 27 . 3 x 1 8. 2m all owing for 

emba-·.1kments (Figure App . VI I I :  1 ) .  

Volu�!le for side embankments 

Volwne for end embankment 

F'ill 'or aerobi c em bankments 

Total fill for excavation 

T otEtl fi ll for eDlbunkments 

= 

= 

= 

= 

= 

== 

1 . 92 x 1 2 . 6  x 2 

48. 4 m
3 

1 . 92 x 2 1 . 7  

4 1 . 6 m3 

30 5 +- 70 

375 Dl
3 

1 67 +- 90 
3 2')7 ID 

300 m3 all owing for cOIDpaction 

VI II : 3. 2 ) Trickling Pi l ter Design 

Fil ter volume = 

= 

1 8. 8 x 0 . 3/0 . 1 75 

32 . 23 m3 
( e , g) 



Fil ter area :::: 

:::: 

32. 23/2 
2 1 6 . 1 1  m 

Filter dimensions :::: 4. 0 1 m  square 

Flow rate to fil ter :::: ( 1 8  x 1 6 . 1 1  x 1 000)/ ( 24 x 60) 

:::: 200 l/min ( approx . ) 

50mm galvanised pipe  provides a head loss of  approximately 

5 . Om/ 1 00m at this flow. 

Filter construction c ould be pip e  frames ( 42mm; set in a 

concrete base ,  supporting wire mesh netting and p olythene .  

The filter media would be  contained within this structure 

and supp orted by vleb grating over the drainage channels.  

Flow distribution should be satisfactory wi th :�hree 32mm 

galvanis ed p ipes discharging through a series of orifices 

on to  splash plates ( Figure App.  VII I : 2) .  

Recycle pump power input :::: ( 200 x 9 . 81 x 3 . 1 )/60 ,000 

:::: 0 . 1 0 1 kW WP 
:::: 0 . 203  kvl BP 
:::: 0 . 225 kW p ower input 

A 0 . 25  kW motor would be satisfacto�y, therefore , 

the power consullJp t i on :::: 5 . 4 1  units/day 
:::: 1 973 U,�'li ts/yea!' 

VII I :  4 )  SOLIDS ACCill'iULATI ON AND RElYlOVAL 

Anaerobic sludge accumulation ;;:: 232 m3/2 year 

Anaerobic TS accumulation 

:::: 

252 x 0 . 08 x 1 000 

2) . 1 6 tonnes/2 year 

A. VII I :  6 

( g) 

Ael'obic TS accumulation :::: 1 8. 13 x 0 . 3 x 0 . 3 x 0. 6 x 5 60 ( j ,  e) 

:;:; 569  kg/2 year 



FI GURE App. VI I I : 2  
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A .  VI II : 8 

Tota� solids fer removal = 20. 1 6  + 0 . 5 7  

= 20. 73 tonnes/2 year 

Therefore less than tha of land is requ ired for sol i ds ( i ) 
dis tr ibut ion. 

Aerobic s ludge volume = 

= 

569/ (0 . 04 x 1 000 ) 

1 4  m
3 

This would have l i ttle effect on ae robic trea tment. 

VI II : 5 ) COST OF TREATMENT PLANT 

VI I I : 5 . 1 ) Capi tal Cos t  

45m o f  1 50rnm del ivery p ip e  and �aying $700 

50mm p ip ing p lus inlet/outle t s �ructure $300 

375 m
3 

earth works $400 

8. 0 m3 concrete $250 

Galvanised p ipe and fi ttings $300 

Web grating $1 00 

Pump and �otor $250 

Power supply $ 1 50 

Splash pIe.te s ,  c l amps $50 

Netting, wi re and plastic $ 1 00 

Fenc ing total area $ 1 00 

Labour $300 

Filter media $250 

rhscellaneous and contingenc ies $450 

Total :;:: $3, 700 

( k) 



VII I :  5 . 2 )  �}o erating Costs 

Power , 2 , 000 units/year $68 

Maintenance,  labour $260 

Maintenance ,  equipment $30 

$350 

250 m3 sludge removal $400 = $200/year 

iVIiscellaneous $50 

$600/year 

, . 
-' . . . 
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