
























































































































































































































































































































































I� order to investigate the mechanism of faiture in retation to pH, 

tha measured pH's, a�d factors controtting pH, were pt□tted against 

the treatment efficiency (Figures 56, 57 and 58). 

·1. T�:s vot2ti te fatty acids concentrations in both fi 1,ters were 
-3 

xetativety tow (10 X 10 motes/t) at the higher treatment 

efficiencies (9 □% COD reductions). As the treatment efficiency 

deteriorated, so the votatile fatty acids increases; at the 
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lmAlast treatment efficiency (approximatety 3 □% COD reductions), 

the votatite fetty acid concentrations in Fitters No. 1 and 2 were 

35 X 1 □-
3 

motes/t and 45 X 1□-
3 

motes/t respectivety (Figure 56). 

2. The concentration of strong base X in both fitters decreased 

gradualty from 90 X 1 □-
3 motes/t at 9 □% COD reductions, to 

-3 
25 X 10 motes/t at the towest treatment efficiency (Figure 56). 

3. The ammonia concentration in both fitters was retativety 

insensitive to the treatment efficiency, and remained atmost 
-3 constant at 12 X 10 motes/t (Figure 56). 

4. tn both fitters the rate of dectine in the pH increased 

prograssivety as the treatment efficiency deteriorated - see 

Figu:c·e 58. (The is to be expected, since the buffer capacity 

decreases with decreasing pH - see page 124.) The initial pH 

in both fitters was 7, 2. At maximum toading, the towest pH's 

obtained in Filters No. 1 and 2 were 6,4 and 6,05 respectively. 

5. l�e percentage CO2 in the digestor gas from both filters 

i:-; 0;:c3asEd stightty from 32% at 9 □% COD reductions, to 38% 

at t�e towest treatment efficiencies - 3□% COD reductions 

I'isc: 1ssion 

From t�a behaviour of the parameters monitoring the response of the 

fitter during the overtoaded period, it was not possibte to identify 



organism washout. However, the fottowing observations support the 

contention that organism washout was probabty the dominant mechanism 

of faiture: 

The treatment efficiencies of both fitters deteriorated onty graduatty 

with increasing toad (Figure 55). This contrasts with the sudden and 

comptete process faitures reported by the CSIR (i) 
and Thiet (49)

. The 

imptication was that pH and votatite fatty acids were dominant in the 

mechanism of faiture, since their reported faitures showed sudden 

sharp depressions in the pH and increases in the votatite fatty acids. 

This pattern of faiture was not in evidence in the process faiture of 

the fitters. 

168. 

The onty atternative exptanation for the stow deteriorati�n in the process 

efficiency is the progressive washout of organisms (both acid and methane 

forming) from the process. 

The retative activities of the methane and acid forming organisms 

remained approximatety in proportion to each other, even at tow treatment 

efficiencies. (The votatite fatty acis, which are the end products of 

acid fermentation, did not show are sharp increase.) This is contrary 

to the expected pH and votatite fatty acid inhibition mechanisms, since 

rnethanogenic organisms are usuatty inhibited before the acid forming 

organisms, with resutting rapid accumutation of votatite fatty acids. 

(The graduat increase in the votatite fatty acids, however, did indicate 

that the methanogenic organisms were coping with the toad at a stower 

rate than the ac�d forming organisms. 

When the toad was removed after the 20 days of overtoad, the process 

showed fast recovery. Methane formation continued at a decreasing rate 

for the next two days untit waste remaining in the reactor was comptetety 

stabitized. This appears to indicate that the process was highty 

overtoaded (i.e. high food/organism ratio), and that the organisms were 

incapabte of treating the totat waste ftow. The activities of the 

organisms, however, did not appear to be impaired in any way. 

Retention of sotids in Fitter No. 1 appeared to aid the processes; the 

treatment efficiency of Fitter No. 1 was consistentty higher than that 

of Fitter No. 2. This further supports the hypothesis that washout of 

sotids definitety contributed to the process faiture. Further discussion 
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on the mechanism of faiLure due to organism washout is not possibLe, 

since 0itaL information on the soLids concentrations in the reactor and 

effLuent were not measured. 

( 1 ) 
One may now enquire why the processes reported by the CSIR showed 

such precipitate faiLure. A possibLe expLanation is that their processes 

were operating near the minimum soLids retention time before faiLure. 

The retative ratio of methane to acid organisms wouLd then be Lower 

than for Long soLids retention times. Thus, their processes were more 

sensitive to overLoading, since washout of organism further reduces the 

methane/acid organism ratio. The retative reduction in the concentration 

of the methanogenic organisms was probabty sufficientty high to cause 

an unbatanced organism poputation. As a consequence, the voLatite fatty 

acids accumutated in the processes and the pH dectined. The prl and 

votatiLe fatty acids are both toxins, and probabty caused the 

sudden faiture of their processes. 

ALthough pH and votatiLe fatty acids inhibition did not appear to 

contribute significantty towards the mechanism of faiLure, the pH and 

retated measurements remain usefut for determining the causes for the 

dectine ir1 pH. 

In the anaerobic process, decrease in pH may be caused by either a 

decrease in 

pressure of 

not increase 

the net strong base Sb, or an increase in the partiat 

CO
2
, or both .. The percentage CO

2 
in the digester gases did 

significantty with decreasing treatment efficiency (Figure 5 7) , 

and thus did not appreciabLy depress the pH: the effect of the change in 

c□ 2% on pH may be noted on a pH conditioning diagram. The decreasing 

vatue of net strong base 5b was thus isotated as causing the depression 

in pH. 

The systems contributing to the S
b 

concentration, i.e. votatiLe fatty 

acids, ammonia and strong base X are shown in Figure 56, A comparison 

of the three systems (on a basis of treatment efficiency) indicated that 

the increase in the voLatiLe fatty �cids and decrease in strong base X 

were responsibte for the reduction in the net strong base 5b 
vatue. 

The ammonia remained virtuatty unchanged, and thus did not affect the 

Sb vaLue. Thus, pH appears to be dependent mainty on the votatite fatty 

acids and strong base X. 



The for�ation of strong base X, or equivatentty the removat of 

hydrogen ions, has been identified as dependent on the waste 

stabitization process (Figure 56). Ats□, it appears that the 

formation of strong base Xis in some way retated to the conversion 

of the votatite fatty acids to methane: a comparison of the increases 

in the votatite fatty acids with the decreases in strong base X 

(Figure 56) shows that they are approximatety proportionat, possibty 

in the ratio 1 : 1. 

In conctusion, it appears that faiture of the fitter processes can be 

attributed to the washout of organisms, and not to an inhibition 

mechanism. This suggests that unbatanced organism activities, which 

produce the pH and votatite fatty acid toxins, are induced onty when 

the sotids retention time in a process is near minimum. The dectine 

in pH was caused by an increase in the votatite fatty acjds and a 

decrease in the strong base X; both as a resutt of the dacrs0se ir 

treatment efficiency. 
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K. CONCLUSIONS 

1. A high strength waste such as wine distittery waste is 

amenabte to treatment in the anaerobic fitter system. For 

the treatment of spent wine, the treatment efficiencies 

and capacities (based on the totat votume of the system) 

appear to be atmost identicat to those of the contact 

system. On this consideration, there appears to be tittte 

advantage in reptacing the estabtished contact systems with 

the fitter system. An advantage of the fitter system, however, 

is the simpticity of its operationat controt. 

2. The major site of the stabitization process in the fitters 

appears to be in the interstices of the media, and not on the 

surface area of the media. Of the four fitter media emptoyed, 

i.e. quartzite, ctinker, perforated ptate and sand, the ptate 

media gave the most satisfactory performance. Further 

attention in research shoutd be devoted to devetoping a 

positive method for sotid-tiquid separation rather than 

providing targe surface areas for micro-organism adhesion. 

3. The steady-state continuous cutture kinetic modet can be 

usefutty apptied to the anaerobic fitter system. As in the 

contact system, the sotids retention time is the governing 

parameter of the process modet, and can be used to describe 

the fottowing process characteristics: 

(a) Treatment efficiency deteriorates rapidty betow 

a sotids retention time of about 7 days, but does 

not improve significantty at sotids retention times 

greater than 9 days. 

(b) Sotids concentration in the reactor increases both 

with sotids retention time and toading rate. The 

maximum treatment capacity of a reactor with 

effective sotids retention properties is eventuatty 

timited by the sotids concentration becoming 

unmanageabty high. 
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(c) Response of a process to shock toads is governed 

by the solids retention time. At Long sludge 

ages, the process shows stability. 

(d) The concentration of solids in the effluent is an 

ext�emely sensitive parameter controlting the 

solids retention time and therefore the process 

performance. Even small increases in effluent 

solids concentration is indicative of imminent 

process failure. For efficient process operation, 

it is important that positive and effective control 

be kept over the solids wasted. Possibte methods 

are the centrifuging of effLuent and the return 

of solids to the reactor 

4. Response of the anaerobic filters to changing environmental 

conditions such as during start-up, and temperature and loading 

rate fluctuation� was generally the same as the reported 

behaviour in literature. The parameters, pH, volatile fatty 

acids, gas production and percentage methane gave good 

indication of the process behaviour during unstable conditions 

of operation. 

The control of pH in the aquatic syste� of an anaerobic process 

is intimately related to the activities of the micro-organism 

population. However, the foltowing factors were isolated as 

governing the pH: 

(a) pH in anaerobic processes is g□ver�ed by the interaction 

172. 

of the strong and weak acid-base systems. The predominating 

weak acid-base systems are carbonic acid, acetic acid and 

ammonia species. As buth acetic acid and ammonia species 

occur in dissociated form in the pH range 6,0 to 7,5, the pH 

is governed by the carbonic acid system, and the equivalent 

of a net strong base. 



(b) Predictions to pH change using sotubte dosing 

chemicats such as NaHC□
3 

is facititated by the use 

of a pH conditioning diagram. The partiat pressure 

of CO
2 

and the pH are used to define the initiaL 

equiLibrium point before chemicaL dosing. 

(c) ALkaLinity is not an essentiaL measurement in the 

monitoring of a digestor. Equatty good controL 

can be achieved by measuring the CO
2 

partiaL pressure 

and the pH. In fact, totat atkatinity measurements 

are undesirabte as they are affected by the votatite 

fatty acid 'atkatinity'. 

(d) Orthophosphate inhibits CaC □� precipitation. Lime, 
,] 

Ca (OH) 
2
, is onty effective if orthophosphate, or some 

other chemicat which inhibits CaC□
3 

precipitation, is 

present. In the absence of orthophosphates, Ca(DH)2 
is comptetety ineffective as a dosing chemicat to 

raise the pH above about 6,3, since the [a(OH)2 adcied 

precipitates as CaC□
3

• 

(e) In the presence of orthophosphate, time is onty 45% 

effective, and its cost shoutd therefore be compared 

with the cost of dosing chemicats such as NaHC□
3 

which 

is 1 □□% effective. 

(f) 
-3 

Orthophosphate concentrations greater than 1,0 X 10 

moLes/t partiatty inhibit Ca[□� precipitation for any 
,a 

addition of Ca(DH)2• With concentrations betow 

1,□ X 1 □-
3 

motes/t, the danger exists that the ortho­

phosphate itsetf may precipitate out during the Ca(DH)
2 

additions, 

mechanism. 

thus removing the Ca[□ precipitation inhibition 
3 

CaC□
3 

woutd then precipitate out, and thus 

depress the pH to about 6,3. No further increase in the 

pH woutd be possibte with Ca(OH)� additions. 
L 

(g) The mechanism of faiture in the overtoaded processes 

appeared to be governed mainty by organism washout and 
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not by pH and voiatiie fatty acid inhibition of the 

methanogenic organisms. However, the graduai depression 

in pH which did occur appeared to be governed by the 

voiatiie fatty acids and the strong base reieased during 

the waste stabiiization process. The changes in 

percentage c□
2 

in the digestor gas and ammonia did not 

significantiy affect the pH. 

ooo□□Oooo 
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A. 1 

APPENDIX I 

ANALYTICAL TESTS AND EXPERIMENTAL PROCEDURES 

1. Orthophosphates 

Orthophosphate concentrations were determined by the method 

described by Edwards, MoLof and Schneem in 'Determination of 

Drthosphate in Fresh and SaLine Waters' from the JournaL of 

the American Water Works Association - Ju1,y 1965. 

2. Ammonia 

3. 

4 

5. 

Free and saLine ammonia concentrations were determined by the 

conventionaL method as described in Standard Methods, 13th 

Edition, 1971, (p. 186), pub1,ished by the American Pub Lie Hea1,th 

Association, Washington D.C. 

Vo1,ati1,e Fatty Acids 

Total., voLati1,e fatty acid concentrations were measured by the 

method described by Montgomery, Dyrnock and Thorn in 'The Rapid 

Cotorirnetric Determination of Organic Acids and Their Sa1,ts 

in Sewage Studge Liquor' from The Ana1,yst, Vol.,. 87, 1962. 

Carbonic Species 

A 'Beckman Carbon Ana1,yser' (with Infrared AnaLyser, Model., 215A) 

was used for the determination of the total., inorganic carbon. 

Samp1,es were centrifuged and di1,uted with CO
2 

free de-ionized 

water to give readings in the range of D - 100 ppm of carbon. 

For this range of carbon concentration, the sca1,e was approximate1,y 

Linear to carbon concentration (see Operating ManuaL). 

Chemical., Oxygen Demand - COD 

ChemicaL oxygen de�a��2 (COD) were mca�ured by methods described 

i11 Standa:cd Methods, 13th Edition, 1971 (p. 501), pub1,ished by 



6. 

7. 

8. 

the American Pubtic Heatth Association, Washington D.C. 

Sotubte COD measurements were made on the supernatant of a 

centrifuged sampte (sampLe was centrifuged for 15 minutes). 

Votatite Suspended Sotids - VSS 

Votatite suspended sotids concentrations were measured by 

methods described in Standard Methods, 13th Edition, 1971 

(p. 538), pubtished by the American Pubtic Heatth Association, 

Washington D.C. 

The totat suspended sotid materiat was centrifuged from the 

mixed tiquor. 

Gas Composition 

A.2 

The methane and carbon dioxide components in the digester gas 

were measured with a 'Beckman/GC-2A' gas chromatograph. Samptes 

were introduced with (a) a gas-tight syringe (measurements for 

Chapter I), and (b) an automatic sampting vatve (measurements 

for Chapter II). Hydrogen was used as the carrier gas. The gas 

component was assumed proportionat to its peak height (see 

operating manuat). 

Conductivity 

Conductivity measurements were made with a 'Radiometer' 

conductivity meter Type CDM2b. 

pH measurements were taken with 'Radiometer' pH meters 

Types 1 26 1 

, 
'28' and 1 29' . pH meter Type '2 6' was the most 

accurate and coutd determine the second decimat point of a 

pH division. 



10. Temperature 

Temperatures were measured with a mercury bul.,b thermometer 

graduated in □,□5 ° C divisions. 

A.3 

11. Titration Curves 

1 2. 

The fol.,l.,owing combination of 'Radiometer' equipment was used: 

(a) pH meter Type '2B'. 

(b) 'Autoburette ABU12' as the automatic burette feeding 

the titrant. 

(c) 'Titratgraph' as the recorder on which the titration 

curve was pl.,otted. 

(d) Gas tight beaker and assembly to hol.,d the sample and 

el.,ectrodes. A stirrer and thermometer were incl.,uded 

in the aseembl.,y. 

(e) General., purpose gl.,ass and reference cal.,omal., el.,ectrodes 

were used. 

Operating procedure is described in the operating manual.,s 

of the apparatus. 

Chemical., Dosing 

Experiments were conducted in the same beaker assembl.,y of 11 (d) 

above. The gas (39% CO2 
and 71% CH4) was obtained from a gas 

cyl.,inder prepared by AFROX and fed into the beaker (bel.,ow water 

l.,evel.,) with a diffuser. pH measurements were taken with 

'Radiometer' pH meters Type 1 26 1 and '2B' and general., purpose 

el.,ectrodes. 

Sampl.,es of 50 ml., were used in the tests. The sampl.,es were dil.,uted 

with de-ionized water (as required) and the initial., pH's adjusted 

with H2s □4 and Na□H. The gas was bubbl.,ed through the sampl.,e 

continuousl.,y to ensure CO2 saturation at al.,l., times. Chemical., 

additions were introduced through a smal.,l., hol.,e in the l.,id of the 

beaker. Temperature measurements were taken from a thermometer 

immersed in the sample, and the necessary corrections were made 

by immersing the sampl.,e in either hot or col.,d water as required. 



APPENDIX II 

TEMPERATURE AND IONIC STRENGTH CORRECTIONS TO THE EQUILIBRIUM 

CONSTANTS ( 37) 

Temperature corrections were apptied only to the equilibrium 

constants retated to the carbonic system. The pK vatues for the 

dissociations of carbonic acid and water are calculated from: 

( 
17 osi

1
000

) 
+ 

p
K1 

= 215,21 log T - D,12675 T - 545,56 

pK2 
= ( 

29 0
�• 39 ) + 0,02379 T - 6,498 

pK w 
( 4 787 3) 

T ' + 7, 1 3 21 tog T + D, D 1 0 3 6 5 T - 2 2 , 801 

where Tis in degrees Kelvin. The pK vatue for the sotubitity of 

CaC □ 3 in water is given by: 

pK 0,01183 t + 8,03 
s 

where tis in degrees celciLs. The pK5 vatue for the sotubitity of 

co2 in water is given by: 

and 

pK
G 

= 1,12 + 0,0138 t 

pKG 
= 1,36 + D,0069 t 

in the range o
0

c to 35 ° c 

in the range 35 ° c to so
0

c 

A.4 

Ionic strength corrections were apptied to att equitibrium constants 

except for the CO2 solubitity constant. Determination of ionic 

strength concentrations were made from both conductivity and totat 

dissotved sotids measurements. Their retationships to ionic strength 

are: 

-5 
µ = 2,5 X 10 SD 

-5 
and µ = 1,55 X 10 CN 
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APPENDIX III 

The computer programme used for the catcutation of theoreticat 

titration curves is shown overteaf. The corrections apptied to the 

equitibrium constants for ionic strength are inctuded in the programme. 

The equitibrium constants (corrected for temperatur� are read into 

the programme. Atthough onty carbonic acid, ammonia, acetic acid 

and orthosphosphate species are inctuded in the programme it can 

be easity m odified to inctude any other weak acid-base system. 
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CALlCLtT:c� CFTHLOR�TlCAL TITRATION CURVE FROM THE WEAK 

= ICNIC ST�LNGTH CF SAMPLE 

= �C�M�LITY OF TITRA�T. 
(_, :�J TE�F, AIS, srL, CNN 

, .. -T { r· :; • ; , f. 3 • 5 , F G • 1 , F 8 • 5 ) 

. ..;L_:J,_:d .:,:c;;'; 'Jr ;-,CT:i.VITY (:GEFFI::IE:NT:S. 

-C ■ .;  * (l�IS ** C.5 / <:.c + AIS ** c.5)) - 1Co2 * AIS}} 

i - "-�•.; ** !FX * l.Cl 

a L ■ w ** (FY *4 ■ C) 
( ,- V r " 

'/ 1 = ?}\2. FJ:� CAR30NIC SPECI:s. 

(� i : / �·� = ; - ; � � F ,J i\ C r\ r:� ��\ C N I C :' F E C I E S • 
·
1
-. .... : , , : = ;1 :< :-· .JR ,; -: t r 1 c Ac I c • 

::,r;f ✓

, - t>:\ f 1:)j-\ Cf�Td�PHCSPHAT:. 
' j f' ,. = ;- I< :C. F '.: F- C F'. T H C P h C S r- H !'-.TE • 

t' :,: -.,,, - ? I< :.0 /-- C R CH TH C PHU SP r1 A T !:: S • 

: :., :. V :: : .'� J.. 2: ! C F P I< VA l U ES TC K VA LUE S AND C DR REC TI C N 

11.w /!l[ ■ = ** WPKl) / CFK ** �.C) 

- 1�.: I <�:. □ ** SPKllJ / (FM ** :.:J 
- (1 •= / (lC.C ** CPKZJ l / FD 

,,�\ = 11.: / (l □ .c ** ACPK)l I (F� ** 2.c, 

( � • :.: / ( l "- • � * * N P K l } / ( F �'i * * 2 • C l 

11.: / r:2.c ** PPKll) / (F� ** 2.C) 

1::_.r_:: / C.i.C'.C ** PPK:?l) / FC 

- 11.: / t:c.c ** PP�3)) / (FD / (FT * FM)) 
' ( ':, , -;,: I l ;n<, CK l , CK: , AC l(, N K , F K: , PK 2 , PK 3 

''. " : ( j:..: � '_ • 4 ) 

r:;��·: ... �. ;._:f v;\f'�::CNIC SPf::CILS IN M3/LITRC. 
-,C= �'.,,'..:. ::;F ,C,Ct.TIC ACIC SPECIES Hi fv!G/LITEE. 

:_ ,- -- C ,.; ';:, • '..' F CG.THO F HOSP h ,'.,TE SF::: CIC::::; ::: 1'. r� G /LITRE • 

:\ : ., '_' I :; , l � l S C , C AC , C N , C P 

_\ITl;;L F'H JF TITF::.rrcN. 
·-- r� ("\ 
- '�" "' , ... 
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C C�LCULATICN Cf BUFFER INDICES. 
SC dW = 2.3J3 * C1WK / H) + H) 

ac1 = 2.:303' * ·nee • ,CK1 • HJ ·, < (CKl + H) •.• 2.0 J) 

JC2 : 2.303 * CtCC •CK2 * H> / ((CK2 + HJ •• 2.0)) 
;;>AC = 2.303. * ltCAC • ACK ♦ HJ /((ACK + HJ' ••- 2.0l> 
dN = 2.3C3 * C.tCN * NK *:KJ / (CNK + HJ ** 2.0>> 
8Pl - t::•303 • ( rep· • PKl""• 'Hl / ((PKl + H) •• ·2.cn 
JP2 = 2.303 • tiCP •PK2 • Ht/ ((PK2 + HJ •• 2.0)) 
BP3 = .z.303 • HCP •PK3·♦- H1.i<(PK3 + H) ••�.Olf 
BT = 3W + BCl + ac2 + SAC + 8N + 9Pl + BP2 + BP3 

� CALCULATION OF XML STRONG SASE ADDED IN ML.REQUIRED TC CAUSE 
.; M4 lr�Cki::ASL CF OtlPH UNITS. 

C 

C 

XML = (C.1 * 8T) / CNN * SML 
�F <PH - 2•C> Z.5 , 25, 35 

. 
XMLT = ML• GF STRONG BASE RE�UIRED TO RAISE THE PH FROM THE 
INITIAL VALUE Of 2.C 

2$ X�LT = X�L 

GC TC 35 

3 S X M:... T · = X ,1 LT + XML 
8� ;-iF ... TL (t:,, :;.4J o�h 8Cl, BC2, BAC, BN, BPl, BP2, 6P3, BT, XMLT 
l :-1 F O i-< :: ;.. T · t 1 C; L l 1 • 4 ) 

lF !PH - 12.Q) 61, 61, 71 
6: PH= PH + :J.: 

GC TC: 4'.3 
71 .i:.F (;J - 2) 

G� TO lG 
21 ::, TGF' 

um 

19, 21 
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APPENDIX IV 

cnRRECTIONS TO CO
2 

PARTIAL PRESSURES 

This project has considered anaerobic processes to be under an 

2tmospheric pressure of 1 atmosphere. However, atmospheric pressure 

decreases for increasing attitudes, and gas pressures at the bottom 

of digestors are not atmospheric. 

Correction to atmospheric pressure for different attitudes can be 

applied with the following formula: 

H 62 000 1og 760 
p 

A.9 

where His the attitude in ft. and p the pressure in mm of mercury. 

For a rise in attitude from sea tevet to 6 DOD ft the atmospheric 

pressure drops frum 1 atmosphere to 0,8 atmtispheres. Partial pressure 

of CO� wilt be correspondingly reduced by 20%. This could have 
L 

considerable effect on the pH in a digester (see any pH conditioning 

diagram). 

Under quiescent conditions the gas pressure increases with increasing 

depths in a digester. Since 1 atmosphere approximately equals a 

pressure of 10,5 m of water, the pressure at the bottom of a 10 m 

deep digestor is twice the pressure at the top. The partial pressure 

cf CO
2 

is correspondingly increased, affecting the equilibrium point 

and pH significantty. However, digester contents are normatty under 

compLetety mixed conditions, so that pH shoutd be uniform throughout. 

i�e vaLue of the pH witt be dependent on the depth of the digester, 

and wiLL probably correspond to the CO
2 

partial pressure at mid-depth. 

Deep digestors coutd thus depress the pH significantly, as shown by 

the pH conditioning diagram for an increased partial pressure of co
2

. 



APPENDIX V 

A setection of pH conditioning diagrams for ths differsnt temperatwree 

and ionic strengths which may be enc ountered in anaerobic processes 

fottow overteaf. The corrections which are apptied to the equitibrium 

constants for different temperatures and ionic strengths are set o�t 

in Appendix I I. 

In each diagram, pH vatues range from 6,0 to 7,E in intervats of □ ,1 

pH divisions, and the permissibte Ca++ concentration from 2000 to 

4 ppm as CaC03 in the fottowing order: 

2000; 1500; 100; 500; 300; 200; 1509 100;; 50; 

30; 20; 15; 1 D; 8 • ' 6; 4. 

A direction diagram for the addition of various possibte dosing 

chemicats is shown on each diagram. 
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APPENDIX VI 

The computer programme used to catcutate and ptot the pH conditioning 

diagrams in Appendix Vis given overteaf. 

Equitibrium constants are adjusted for temperature and ionic strength 

with the equations set out in Appendix II. 
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CALCU
°

LAlION OF'· pH ·coNO'tTl(J
°

NING DIAGRAM FOR THE AQUATIC 
SYSTEM OF AN AEROBIC DIGESTOR. 

. . 

REAL Kl, K2, KG, KS, IS 
DIMENSION PC02(ldO>• ALKtlOO), C03(1COJ� C02(10Df, 0(100}, ST�lNG( 

.6J, C<4Cl, T<lO), IS<lO) 
D� 11 JK = lt a 

T= TEMPERATURE IN THE DIGESTOR. 
IS =IONIC STRENGTH IN THE DIG£STOR. 

RE.AC lo, 2CJ T<JK>, IS(JK} 
2: FORMAT (2f2:.S) 
1:. CONTI�-'.UE. 

JO 13 J = 1, lo 
REA[.' ·<t, 23} C(JJ 

23 FOR�AT (FZC.5) 
i:::. cc�;TI�'.:JE 

DO , -, JX -
1, 8 -

AA 
-

T l J f< ) -

33 
- r,;tJKl -

Pl -

3.1416 -

PLCTT�NG I�STRCCTlONS. 

t;ALL SCA .. F l .ccc75, .075, -4CCC., -30. J 
CJ�L FGRI□ tG, o., c., sec., 2C) 
LA�L FGRIC <1, Oat O., 5., 14) 
�ALL FG�lD IC, O., 70., SOC., ZC> 
�ALL FGRID <l, lCCOO., O., 5., 14) 
80 37 � = 1, lGOCl, lCCC 
Ml = L -1 

i��CCE fZl, SJ �L 
CALL PCHAR tX, -S., .1, $, PI/2., 5) 

z.::. FCRMAT (l5) 
37 co:HlNUE 

uo cc L = 1, 11, 10 
XL = L - 1 
y = 1-'.L 
ENCC:;£ <S5t S) "'lL 
CALL PCHAR (-3CC., Y, .1, S, O., 21 

::S FCR�AT (12) 
6;.:, CCNT INUE 

CALL PCHAR (-G:D., 2C., .1, •PERC�NTAGE CO2'• PI/2, lq) 
CAL� PCHAR C35GC., -6., .l, 'BICARB. AtK. AS CAC03', c., 21) 
CALL PCHAR <-3CCO., C., .1, 'M CRAP!', PI/2, 7) 
u:c;cDE (400, STRING) SB 
CALL PCHAR tG., 75., .1, STRING, C., 21) 

L: FCkr�T ,•rc�IC STRENGTH=', F6.4) 
:::•;C'.:'J£ <SOC, STRING> AA 
Ct.;_L PLHAR (GGCC., 75., alt STRING, o., 15) 

-2C FC'Ri 1 AT <' Tt.t-:P.DEGC=', FS.1) 
CAi..L PLTlM£<9C) 

----- -- ---- ------------
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.. 
v 

C CAL�ULATIC� Of lOUILIBRIUM CONSTANTS FCR SPECIFIC TE�PERATURES. 
C R�l =PKl OF CARUONIC SPECIES. 
� RK2 = PK2 CF CARBONIC SPECIES. 

C HK5= PGG OF CALCIUM CARBONATE SOLUBILITY, 
C KKG = PKG Of CO2 SOLUBILITY. 

C 

TK = 27�. + T<JK) 

A.20 

�Kl - 17 □ 52. / TK + 215.21 • < ALOGlC <TK)) - 0.12675 •TK - sqs.56 
�K� - L�cz.:3 1 TK +0.02319 •TK �.49e 

\, 

�A� - :.12 + C.0133 * TlJK) 
j\j,..., 

..;,.,:.....,:..;L.ATl.::�. Of ACTIVITY CGEFFICIENTS 
t v - -�.�•< t::<JK}**:.S/(1. + IS<JKJ••�-�ll - <;.Z•IS(JK))l 

, r - ' -
.L:.... • 

FM**2. 
/ FJ 

; ; '.:: - l .:. • t- * C - � ,� S ) / F J * * 2 • 

,3, ,_; :: ' : ::.; T ;; �; T F' H t T H E H '.: 0 :.7 ( A L � l I ': C A 1,.. C 'J LA T;: C 
T' .� 

n::.. r�0T��L r�:isuq: CF CO2 (PCC2) :NPUTS. 

:: ; ( .\ 1- '\ { l l - 1 J:: CC • ) 3 5 , 3 5, �:: 

.,-· 'I (;
1 r:'.:J'.:.(I) - ]'.:.) :33, S'+• 1:4 

1... 
� � C� :. ,., t 1 + 1 J = ;: : C 2 ( 1 ) + 1 • 

-- ·- j_ + : 
t;r TC: 35 

�F CCNSTANT PH IS PLrTTE�. 
1:, ALK(l), PC02{1)) 

; r ir - 71) �1, 42, 42 
4 -� �-, = 71 

c��L FP�JT 12, ALK(!), rcn2(I)) 

1-:,_ Pt-I :: PH· + 

e r: TC 37 
l :.:_ CUJT :�;Ul 

j = j,_ 



C 

C FC!'.1 A co�;STA�H CALCIUM CONCENTRATICN, THE HC03 (ALK) IS 
C CALCU�ATE� FRO� THE PARTIAL PRESS�RE CF CO2 <PCC2) INPUTS. 

CA = CCJ) 

. , - __ I = l __ , 
M ;:: 1 

P::C2lI> - ..,. 
eE. COJ(l) = KS / CA * 10. ** 5. ·,­

CG2(I) = KG * Pco2fti ;''.100;:·· 
DU> = CC3(Il *Kl ,., C02(IJ I K2 
ALK<I> = saRT rn<rf1 ,* sec-do. 
I.F !ALKCI) - lOGOC.J �97,.- 97, 98 

97 M = M + l 
:lo .IF (PCCZ(r) - 30.} 55, 66, 65 
65 PC02ll+ll = PCC2(Il + i. I - .,. , - - + ... 

GC TC 86 

f 

C lACH LINE CF CC'tJSTANT CALCIUM CONCENTRATION IS PLOTTED. 
G..: Ct-LL FPLJT t3, ALK(l), PC02( l)) 

11- <r - 11, 43, 44, 44 
1-14 M = 71 
L, 3 J C ::. 3 i = ::. t M 

C��l FPLOT t2, ALK(IJ, PCOZ(I)) 

(;;;!._L FFLCT (3, 1cuoo., -:w., 

�t\ �L 
(' I\ f f 
.., ?' 1- '-

t:: r; � 

£X1T 

--- ----·-- ----
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