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The expen system technique used in this work is a preliminary attempt at 
capturing the skill. knowledge base and decision making capability of an 
experienced engineer. To achieve this there are certain fundamental 
requirements that the system must achieve which can broadly be classified as: 
user input, rationalisation of data acquisition. data archiving, decision making, 
justification, error trapping and reporting. 

The system has to achieve this within a vety restrictive set of rules and 
programming functions which make it far less able than the human mind it is 
attempting to mimic. For this reason the program is restricted in its capabilities 
and represents only a best attempt, within its programming limitations. to meet 
the above requirements. Additionally, the program structure has built into it the 
limitations of its creator in terms of knowledge of the decision making processes 
required for industrial wastewater treatment. Each expert has hislher own 
approach to process selection and in some cases this may be at variance to the 
approach adopted within the program. 

The conceptual basis of the program is developed from a probable scenario 
which might be encountered in a real life situation from the moment of initial 
enquirY to completion of the design/selection task. The sequence of events is 
shown in a table of actions, reactions and possible outcomes (Table I) in the 
manner in which they might be tackled by an expert . The logic and 
rationalisation, are then interpreted as a basic flow diagram (Figure 4). How that 
has been transformed within the capabilities of XpertRule is shown in Figures 
Sa) and5b). 

The program is incomplete in that it does not deal with all the items outlined 
in Table I in terms of actions and outcomes. The program focuses on situations 
where no effluent treatment plant is currently installed and where the discharge 
is likely to result in a breach of consent. It is possible that the program could be 
expanded to consider other problems such as unreliability of existing plant and 
process economics but these must remain the subject of future work. Similarly, 
the program assumes that all possible measures have been investigated and 
implemented so as to reduce the pollutant load at source through waste 
minimisation or the introduction of cleaner production technology. 

WASTEWATER CHARACTERISATION 

Due to its complexity wastewater is difficult. if not impossible. to completely 
characterise. There are around six million chemicals referred to in the chemical 
abstracts and to seek confirmation of the presence or absence of such a wide 

. range of potential contaminants is unreasonable. It is however fair to say that 
waste streams generated under similar circumstances are likely to have similar 
compositions; therefore. it can be potentially categorised on an industry basis 
(method I). Wastewater can also be categorised on the basis of general 
pollution indicators (method 2) such as suspended solids, volatile solids. 
non-volatile solids. BOD, COD. oils and greases. metals, total dissolved solids, 
TOC. vocs. etc. It could also be characterised on the basis of the contaminants 
removed by a specific process or group of processes (method 3). for example, it 
could be said to have senleable material present if the contaminant level were 
reduced in a settlement process. 
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Considering the 3 methods of characterisation mentioned above then all 
have potential advantages and disadvantages but, at first sight, show linle 
commonality. It is apparent that a common staning point is necessar)" if the 
selection process is to be rationalised on a computer based system. The 
concept of waste water categories has been adopted as the common base in this 
research but programming restrictions required that it was simplified over that 
suggested by Metcalf and Eddy (1991). The categorisation is based on major 
propenies of the wastewater which are likely to have a high impact on process 
selection (i.e. method 3). The factors considered are thus the presence of: 

I. Coarse solids ( coded as 'CoaSol') 
2 lmrnisciblematerials( coded as ' lmmLiq" ) 
3. Fine solids panicles or sediments (coded as 'SetSol' ) 
4. Dissolved organic matter (coded as 'OisOrg' ) 
5. Fine suspended or colloidal panicles ( coded as 'CoISo!' ) 
6. Metals (coded as 'Metals') 
7. Dissolved Inorganic matter (coded as ' [nrogs') 

The second potential method of characterisation is to consider that similar 
industries would produce effluents of similar characteristics (i.e. method I J. 
Therefore by identifying the major pollutant groups within industry types in line 
with the 7 characterisation properties, conversion to the common code can be 
achieved. The general picture of how this can be achieved is shown in Table 2. 

TABLE 2. Characterisation of wastewater based on industry type 
according to the 7 selected characterisation propcnies 

Indust!)' Categories 

Dairies processing 

Meat and poultry 
processing 

Fruit and vegetable 
canneries 
Breweries and 
distilleries 
Phannaccuticals 

Organic chemicals 

Petroleum refining 

Plastics and resins 

Cod. Group 

CoaSo!. lmmliq. 
DisOrg 
CoaSo!. ImmLiq. DisOrg. 
ColSo!. Inorgs 

CoaSo!. DisOrg. Col Sol 

SetSol DisOrg 

CoaSo!. SetSo!. DisOrg. 
CoISo!. Metals. Inorgs 

CoaSol. lmmLiq. DisOrg. 
CoISo!. Metals. Inorgs 

CoaSo!. lmmLiq. SetSol. 
DisOrg. ColSol. Metals. 
Inorgs 
CoaSol. lmmLiq. SetSo!' 
DisOrg. Col So!. Metals. 
Inorgs 

Primary Composition 

Dissolved organic. mainly 
protein. fat and lactose 
Dissolved and suspended 
organic: including protein. 
blood. grease. fats and manure 
Dissolved and suspended 
organic from natural products 
Dissolved and suspended 
organic 
Dissolved and suspended 
organic. including some 
surfactants and biological 
agalls 
Dissolved organic. including 
acids. aldehydes. phenolic. free 
and emulsified oils 
Phenolic. free or emulsified oils 
and other dissolved organic 

Dissolved organic. including 
acids. aldehydes. phenolic. 
cellulose.. alcohols. surfactants 
and oils 

continued 
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TABLE 2. continued 

lndustry Categories Code Group Primary Composition 

Explosives CoaSol. ImmLiq. SetSoI. Organic acids. alcohol. soaps 
OisOrg. ColSol. Metals and oils. 

Rubber CoaSol. ImmLiq. SetSol. Dissolved and suspended 
OisOrg. ColSol. Inorgs organic. and oils 

Textiles CoaSoI. ImmLiq. SetSoI. ~issolved and suspended 
Oi,Org. ColSol. Metals. organic. fats and oils. 
lnorgo 

Leather tanning and coaSol. ImmLiq. SetSoI. Dissolved and suspended 
finishing OisOrg. CoiSol. Metals organic. fats and oils. organic 

nitrogen. metals. hair and 
fleshing 

Coke and gas CoaSol. OisOrg. ColSol. Phenolic. ammonia and 
lnorgo dissolved organic 

Eleetricity CoaSoL SetSoI. ColSol Solids 
generation 
General engineering CoaSoL ImmLiq. SetSol. Oils. greases .solids. cyanide. 
(eg. machining) ColSol. Metals. lnoegs surfactants 
Fertiliser OisOrg. lnorgs COD. ammonia. phosphate 
lnorganic chemicals coaSol. S<lSOI. ColSol. Acids. alkalis. metals 

Metals 
Pesticides Oi,Or! COD 
Mining( coal. CoaSoL SetSoI. CoiSol. Solids. metals. acids 
mineral) Metals 
Photographic CoaSol. SetSol. OisOrg. Metals. sulphur. compounds. 

ColSoL Metals. lnorgs acids. alkalis. COD 
Surface treatment CoaSollmmLiq. SetSoI. Acids. alkalis. cyanides. 

ColSol. Metals metals. surfactants. oils. grease. 
solids 

Wool processing CoaSol. ImmLiq. SetSoI. BOD. grease. solids. alkalis 
Oi,Org. ColSol 

Metals plating Metals, Metals 

The third potential method of characterisation is to consider the general 
pollution indicators (i.e. method 2). This is achieved by comparing the analytical 
value against a cut-off value in order to make a detennination of a category code 
group as shown in Table 3, 

SEQUENCING OF UNIT OPERATIONS 

The sequencing of unit processes based on the compositional code will be 
considered as shown inTable 4. 

In lenns of the methodology being developed and the programming 
structure the coded compositional sequence relates to Ihis sequencing of 
processes as indicated in the table above. 



TABLE 3. General Pollution Indicators AnaJysis characterisation 

Input Parameter Cut-offValues Wastewater Code 
(> mgrl) Characterisation Group 

Biochemical Oxygen 30 Organically rich OisOrg 
Demand 

Chemical Oxygen 60 Organically rich OisOrg 
Demand 

Total Organic Carbon 60 Organically rich Disorg 

Suspended Solids SO Coarse solids. fine CooSol. 
solids SetSol 

Volatile Suspended 100 Fine solids. fine SetSol. 
Solids suspended or colloidal ColSol 

panicles 

Oil and Grease SO mmiscible materials ImmLiq 

Zinc 35 Metals laden Metals 

Copper 10 Metals laden Metals 

Nickel 10 Metals laden Metals 

Lead 10 Metals laden Metals 

Magnesium 10 Metals laden Metals 

Cadmium 0.1 Metals laden Metals 

Cyanide 2 Metals laden Metals 

Mercury 0.1 Metals laden Metals 

Silver 10 Metals laden Metals 

Arsenic 10 Metals laden Metals 

Aluminium 10 Metals laden Metals 

Manganese 10 Metals laden Metals 

Chromium 10 Metals laden Metals 

Iron 10 Metals laden Metals 

Nitrate SO Disolved inorg.anic Inorgs 
matter 

Phosphate 2.1 Dissolved inorganic Inorgs 
maner 

Ammonia 0.5 Dissolved inorga.nic lnorgs 
matter 

Sulphate 1000 Dissolved inorganic Inargs 
maner 

Sulphide Dissolved inorganic Inorgs 
maner 

Nitrite 0.1 Dissolved inorganic (norgs 
maner 

Chloride 400 Dissolved inorganic Inorgs 
maner 
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TABLE 4. Sequencing of unit processes based on common code characteristics 

Compositional Code 

CoaSol 

lnunLiq. SetSol. Metals· 

DisOrs 

CoISoI. Inorgs. Metals· 

Treatment Stage 

Preliminary Coarse solids remo\'a1 or 
masceration 

Primary Gravity separations with or \\ithout 
precipiwive. coa~uJativc: or 
flocculativc chemical addition 

Secondary Oxidation & reduction rn.ctions 
a. Biological 
b. Non biological 

T cniaryl Advanced Separation of dissolved non­
bioclqradable solids. separation of 
non- settleable secondary solids. 
funher reductions in soluble: 
organic: materials. 

-Metals art' a special case and removal from a mixed waste stream may be considered at 
either the primary or tCRiary stage. 

Also in cenain cases. as indicated earlier, primary treatments may be 
dispensed with if the separated material may be funher degraded in the 
secondary stage. Anaerobic biological treatment is regarded as a secondary 
treatment as it involves biological reactions which reduce the aqueous and solid 
phase pollution load. 

As far as the user is concerned no funher input of data is required for the 
preliminary process selection and. the.user. will recoiYe a.reporut the end of the 
analytical data input section of the user program. Based on the common code 
characteristics of those materials required to be removed, as determined by 
comparison of influent wastewater composition and effluent consent, the ropon 
will take the following format (assuming all the common code characteristics 
were present): 

Common code characteristics 
CoaSol 
InmLiq 
SetSoI 
DisOrg 
ColSoI 
Metals 
Inorgs 

Treatment required 
Screen 
Gravity separation 
Sedimentation 
Biological oxidation 
Flocculation/Flotation 
Teniary treatment 
Teniary treatment 

When there is a requirement for removal ofless than the full set of the wastewater 
calegories e.g. only SetSol and DisOrg. only those Ireaunent processes 
suitable for Ihese would be reponed by Ihe program. 
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FLOW CHARACTERISATION AND LAND AVAILABILITY 

In order to proceed with a more precise process selection it is necessary to know 
the flow characteristics of the wastewater together with information relating to 
the site. Flow information is necessary for two main purposes: 

I. To calculate the pollutant load. 
2 To determine whether equalisation facilities are required or whether batch 

or continuously operated process plants are most suitable. 
The data are required throughout the remaining selection procedure and is thus 
held in the main data file until required. 

From the user of the program it is necessary to find out the total flow and 
any variation in flow thai may take place on a daily basis. Ideally, variations 
between days. weeks and months should also be known. but these are dealt with 
as special cases. Flow characterisation can be achieved in a number of ways and 
ideally should be as the result of a properly conducted flow survey carried out 
over a representative period. In the preliminary stages of process selection. 
these data may not be available in this form and the program therefore adopts a 
more pragmatic approach allowing flow characterisation to be achieved in a 
sequential manner. 

Of importance at this stage in the process is a knowledge of the land area 
that is available for the construction of the treatment plant. Again, this 
information is requested early on and stored in the main data file until required 
throughout the remaining program and selection procedures. 

SELECTION OF SECONDARY TREATMENT PROCESSES 

The concepts embodied within this section and the mode of executing these via 
the computer program arc common to the preliminary, primary and tertiary 
processes. Within the current research these have not been fully developed 
past the stage of the preliminary reporting .. 

In order to proceed with secondary treatment process selection a major 
decision has to be made as to whether treatment should proceed via a biological 
or physicochemical route. 

On entering the values for filtered BOD (BOD,) and filtered COD (COD ,) in the 
secondary treatment report, a subsequent report on the biodegradability of the 
wastewater will appear on the screen. This is achieved by making an 
assumption that if COD, to BOD, ratio is greater than 3: I then the wastewater is 
not considered biodegradable. Likewise, on entering the values for colloidal 
BOD (BOD,), colloidal COD (COD), supernatant BOD (BOD,) and supernatant COD 

(COD,) the secondary treatment report will show whether the wastewater most 
likely contains organic colloidal solids or not. 

Determination of the biodegradability and the presence of organic colloidal 
solids in the wastewater results in a screen report which indicates whether the 
wastewater will most likely require a physicochemical or biological process or 
the combination of both for its further treatment. If it appears that the 
physicochemical process will be most appropriate for the treatment of the 
wastewater. a repon will be produced as follows: 
" Please note: This part of the program is not developed" 
This simply means that the system is beyond the scope of this research. 
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As the user proceeds with the process selection, an input data menu appears on 
screen which asks the user to insen the temperature of the wastewater discharge 
( in"C); this is imponant in determining whether the wastewater may be suitable 
for anaerobic treatment as a first stage. If the temperature of the wastewater 
entered by the user is above 3S·C a screen repon is generated which says that 
the wastewater may be suitable treatment via an anaerobic process in the fIrst 
stage.On the other hand, if the user entry for temperature of the wastewater is 
below 3S·C the program undeMakes a fUMher task before the repon is 
generated. A temperature of 35"C was chosen as the cut off point used in the ~ 

calculation and the above assumption as this is recognised as being the 
optimum temperature under which high rate mesophilic anaerobic digesters 
operate (Saw 1988; Metcalfand Eddy I 99\). This subsequently task is used to 
compare between the amount of heat required (in kilocalories) to raise the 
temperature of the wastewater discharge to 3S·C and the amount of heat 
generated (in kilocalories) by means of the conversion of COD into methane 
gas. The amount of heat required and the amount of heat generated are 
calculated using the equations as follows: 

Amount orhcat required ( in Meal) - Wastewater feed volume (ml ) x 
Temperature rise (DC) 

Amount of heat genenltcd (in Meal) = COD(kgm~' ) x Wastewater Flow(m' ) 
x 3°( 

Both the heat required and generated equations result in the cancellation of 
wastewater flow and eventually yield the general equation for the calculation of 
heating potential of methane gas generated, which will be used later in the 
program structure. The equation used is shown below: 

Heating potential of methane generated = 0.7 x Total COD (kgJd) 

At this point. it is not known how much of the COD of the influent would be 
convened to methane in the digestion process. As most high rate anaerobic 
digestion processes show conversion in the range of 50 to 90% depending upon 
the loading. a conversion efficiency of70%(midpoint) has been included in the 
calculation; this was thought to be a satisfactory estimate for the present 
purpose of preliminary process selection. It may also be necessary at this stage 
to calculate the heat loss from the reactor which can be achieved. at this point, 
after a preliminary sizing of the vessel has been made~ The equation employed 
would be as follows (Metcalfand Eddy 1991): 

q - UA.1T 
where q - heat loss. W or lis 

U- overall coefficient or heat transfer. W/ml OC 
A - cross.sectional area through which the heat loss is oecuring. m2 

.dT=tcmperature drop across the surface in question, °C 

As a result of these last rwo calculations, a process could be rejected as this 
stage and if all the available anaerobic processes were rejected the program 
could be made to reven automatically to an aerobic selection route. 
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AEROBIC AND ANAEROBIC PROCESS SELECTION 

Both the aerobic and anaerobic process selection routes are mirror images as far 
as the tools and program methodologies used are concerned. The steps 
involved are: 

Calculation of Biological Reactor Si=e All the information required is 
embedded in the data file and will eventually be used in the preliminary design 
of the system. The information enables the program to determine the volume 
of the reactor for each process within the limits of acceptable volumetric loading 
rates. 

Volume of reactor (m' ) = Flow rate (m'd") x Inlet COD(kgm"') 
Volumelric loading rate (kgm"d"') 

Calculation of Footprint Areafor the Reactor The equation used to calculate 
the minimum surface area requirement for the reactor is as follows : 

Surface Area Required for reactor (m2) - Volume of reactor (m') 
Max depth of reactor (m) 

Calculation for Secondary Sedimentation and Sludge Processing Tanlcs 
Surface area of secondary sedimentation tank can be calculated using the 
formula as follows : 

Surface area required for the tank.:: Wastcv.'ater flowratc (mJ/d) 
Overflow rates (m:l/m:.dl 

The surface area of the sludge processing tanks was calculated on the sludge 
yield and % dry solids of the respective process" From a knowledge of the net 
sludge yield and values of the influent BOD and flo"'""te. the quantity (kg/d) of 
sludge is calculated using the following equation: 

Dry solids production (kg/d) = Wastewater flow (m1/d) x BOD (kg/m' ) x net 
yield coefficient. 

It is also known that sludges from different processes have different 
characteristics especially in relation to their water retaining qualities. Knowing 
these likely concentrations allows calculation of the wet sludge volume: 

Wet Sludge Volume Dry solids production (kg/d) 
Typical solids content (kglm)) 
Volum"e (m'/d) 

Calculation of Flow Balancing Tank For the purpose of preliminary process 
selection. the sizing of a flow balancing tank on the above assumptions was 
thought to be satisfactory.The method involves tabulating the cumulative flows 
for hourly time intervals over a suitable time period in which flow variations may 
be apparent. The data is then ploned as a cumulative flow volume. A line is then 
drawn from the origin to the end point of the inflow mass diagram. the slope of 
which represents the average flowrate for the chosen time period. To determine 
the required volume, a second line is drawn parallel to the average flowrate 



71 

tangent intersecting the low point of the inflow IIIIISS diagram. The required 
volume is represented by the vertical distance from the point of tangency to the 
straight line representing the aveMlge f1oWMIte. 

CALCULATION OF THE OVERALL LAND AREA REQUIREMENT 

The land area requirement can be determined by the general formula as follows : 

Land area requirement (m2) _ Reactor Area + Primary Sedimentation Tank 
Area -+ Flow Balancing Tank. Area • 
Secondary Sedimentation Tank Area + 
Sludge Processing Tank Area 

REPORTS RELATING TO PRELIMINARY BIOLOGICAL 
. PROCESS SELECTION PROCEDURE 

The calculated land area requirement is then compared with the available land 
area embedded in the main data file. If the land area required is less than the land 
area available, then the process will most likely be selected. On the other hand. 
the process will be rejected if the land area required is greater than the land area 
available at the proposed site. 

FINAL SELECTION OF BIOLOGICAL TREATMENT OPTION 

Again the aerobic and anaerobic routes are mirror images and will be dealt with 
together. The only exception to this is where a multistage (anaerobic/aerobic) 
process may be required. 

For reflllement of the preliminary selection it is necessary to compare the 
calculated volumetric loading to the acceptable loading rate that will guarantee 
acceptable process effiuent quality, this is panicularly true of what are regarded 
as being "high rate processes". It is therefore necessary to check for each 
acceptable loading that an acceptable effiuent is achieved at the calculated 
loading. This can be done in one of three ways: 

1. By calculation based on an acceptable kinetic model for the process 
2. By reference to empirical performance data from an established plant 
3. By conducting laboratory or pilot scale experiments. 

The reliability, accuracy and applicability of each of these methods need to be 
fully established by funher research. 

A preferred option. as far as the methodology being developed is 
concerned. would be to establish. as pan of the knowledge base, a performance 
envelope for each of the processes included. A performance envelope looks at 
th. target parameter as a loading factor and predicts (within the limits of the 
envelope) the final effiuent quality. Thus for any process loading the worst, the 
best and the aVCMIge effiuent quality can be established empirically. Removal of 
secondary pollutants (non target) could exist (or has not been added to the 
knowledge base) option 3 could be resorted to or literature reviewed so as to 
enhance the knowledge base. Processes which would not give the required 
process effiuent standard can be rejected at this point. 
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ESTABLISHMENT OF PERFORMANCE GRAPHS OR ENVELOPES 

For each of the biological processes included within the selection procedure. 
process performance envelopes have been derived based on existing data from 
the literature as shown in Figures 6 through 17 which funher give the results as 
shown in Table 5: 

TABLE 5. Summary of the results obtained from the performance envelopes 

Figure Total Percentage Percentage of R Slope Y 
No. number of points in points in 20% square of the intercep 

of 10%band band graph t 
points 

6 IS 86.67 0.52 1.67 97.2 

7 17 76.47 0.05 1.12 60.4 

8 48 100.00 0.72 0.54 102.1 

9 44 81.82 0.48 1.99 76.4 

10 23 78.26 0.64 3.32 10J.3 

II 59 79.66 0.03 0.24 75.2 

12 28 96.43 0.80 0.74 94.7 

13 22 77.27 0.05 1.85 53.9 

14 9 100.00 0.55 2.11 91.9 

15 46 73 .91 0.62 3.17 91.4 

16 75 97.33 0.79 38.97 %.5 

17 13 92.31 0.23 11.87 85.3 

The results of Ihis preliminary daJ:a analysis are discusscd belOw. 

Table 5 concludes that Figures 8, 12 and 16 are considered to have a good 
performance data because their R square (R') or regression coefficient values 
are greater than 0.7. Figures 6, 10, 14, and 15 are considered to have a fair 
performance data because their R' values are between 0.5to 0.7. Figures 7,9,11, 
13 and 17 are considered to have a poor performance data as their R' values are 
below 0.5. Based on the results shown in Table 5, it can be concluded that there 
are only three sets of data (i.e. Figures 8, 12 and 16) which show a high quality 
data abstracted from the literatures. The others are considered as fair or low 
quality data which require funher justifications as to the validity of the data in 
the form of a treatability study. 

A performance envelope is only as good as the data it contains. and in some 
cases the spread of data points is greater than would be ideal. For each set of 
performance data the line of best fit was established by linear regression; in 
most cases this showed a bener fit to the data than other forms of regression, it 
was therefore applied universally. The advantage of a linear regression was that 
the slope of the line could easily be determined and used as a single input into 
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the XpenRule program. This is one of the reasons why the linear interpretation 
of the data is needed so as to enable XpenRule program (within its limitation) to 
use the data for funher calculations. As mentioned earlier. to check on variance 
of the data used in calculating the performance line. parallel lines were 
constructed at + and· 10"10 or 20"10 removal efficiencies and the number of data 
points encapsulated within the resulting envelope calculated as a percentage of 
the total. The reason for doing this and not relying upon the regression 
coefficient was to identify groups of abnormal data points which may have 
originated, possibly, from an atypical study. 

The performance line (envelope) is designed to be dynamic and add to the 
knowledge base encapsulated within the program. It is therefore essential that 
new information can simply and easily be added, including data from treatability 
studies specifically run for the case in question. For this reason 8 standard 
spreadsheet package "Excel" was chosen as the data entry and processing 
platform. 

UTILISATION OF PERFORMANCE DATA IN THE 
PROCESS SELECTION METHODOLOGY 

Data from the performance graphs is used to determine the minimum volumetric 
loading rate required to achieve the fmal effluent quality of the wastewater for 
each selected process. This can be generalised by the following equations: 

BODin (mgl")- BODou! (mgl")xl 00 - (Slope x Volumetric load rate (kgm" d" )) 

BODin (mgl") + (In!ercep!) (1) 

CODin (mgl")- CODou! (mgl")xl 00 ~ (Slope x Volumetric load ra!e (kgm"d" » 

CODin (mgl") + (Intercept) 

Volumetric load rale (kgm"d") ~ (Inlercep!HBODin (mgl")-BODout (mgl"x 100) 

(BODin (mgt·,)) 

Slope 

Volumetric load rate (kgm"d") K (In!ercep!HCODin(mgl")-CODout(mgl")x 100) 

CODin (mgl") 

Slope 

(3 ) 

(4 ) 

The slopes and intercepts above are calculated based on the equations as 
described by Edwards (1976). He states that a linear graph can be represented by 
a very simple expression as follows: 

)' '1: a-bx 
where a = y·interccpt 

b ~ slope of the graph 

The slope of the graph, b can be calculated by the following expression: 

b = IfX'l'i ·fIXj"rxD 
n 

I.F . (1:),)' 

n 
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where X- Total in x·axis 
r - Total in y-axis 
n - Number of entry (counter) 

The y-intercept, a can be calculated using the following equation: 

Q = rbar- bXbar 
where r bar = Average of r 

Xbar= Average of X 

Both the equations 3 ( aerobic process) and 4 (anaerobic process) are used 
to determine the minimum volumetric loading rate required to achieve the final 
effluent consent. Once the VLR is obtained from these equ;ilions, the reactor 
volume and footprint size, including the secondary sedimentation and sludge 
processing tanks, are then calculated. Based on this informalion, the process 
will be accepted or rejected on the basis of land availability. 

If there is. in any circumstances, no data available for the establishment of 
performance graphs or envelopes then the user is prompted to carry out a 
treatability srudy in the laboratory in order to gather relevant information in 
terms of the BOD or COD removal efficiencies for the selected processes. The 
above methods, again, will have to be carried out sequentially in an anempt to 
reduce superfluous data at the end of the process selection procedure. 

MULTISTAGE PROCESSES 

Multistage process selection is used to couple the predicted effluent parameters 
from one process to the influent parameters for a second process. The 
programming techniques applicable to this have been developed in relation to 
the use of aerobic polishing of the effluent from an anaerobic process as this is 
important in coupling the split aerobiclanaerobic routes together. The 
programming techniques are also applicable to other situations where multistage 
operation may be required e.g. secondary processes to teniary processes but 
the codes have not been wrinen for these within the current work. 

COUPLING OF ANAEROBIC TO AEROBIC PROCESSES 
AS PART OF A MULTISTAGE PACKAGE 

Equation 4 is used in order to determine whether the wastewater requires a 
single stage process or a multistage process. If the calculated VLR 
(kgcoDm" d") does not able to achieve the fmal effluent consent, it appears that 
a multistage process is deemed necessary. Thus. equation 3 will be used to 
complete the objective. sequentially. As a result, two sequential processes will 
be required for the treatment of wastewater, i.e. an anaerobic process followed 
by an aerobic process. 
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CONCLUSIONS 

The results of the project in relation to its initial aims can be swrunarised: 
\. The methodology developed is of a hierarchical type and this has been 

shown to minimise the requirement for user input and to avoid the collection of 
superfluous information relating to the composition of the influent waste water. 

2. The project has proven that the methodology can be incorporated inlo a 
knowledge based system. All the decision making techniques used by XpertRule 
have been incorporated into the program and been shown to be useful. although 
in some cases have extensive chaining operations for simple decision making 
tasks. The system is thus available to a wide number of users although its 
justification procedures need to be refined to give more explanation to the user 
as to how and why decisions were reached. 

3. An attempt has been made 10 produce a standardised data SCI of 25 
analytical parameters. This may prove to be inadequate on verification of the 
model but can easily be modified as the system requires. 

4. The system appears to be easily expandable and should be able to carry 
out preliminary design tasks. 

S. The methodology has been driven by the requirement to meet a desired 
effluent quality irrespective of the costs likely to be incurred in doing this. Cost 
considerations need to be developed and included in the final methodology but 
are regarded as being secondary to quality considerations and ultimately were 
outside the scope of this study. 

6. The methodology appears unbiased towards any single or combination 
of treatment options. It is however biased in its assump!ion that in a sequence 
of operations there is an established order and that is taken to be that used in 
municipal treatment plllllts. 

7. No work has been undertaken on verification yet it is appreciated thatlhis 
is essential and must be considered in the future work. 

RECOMMENDATIONS FOR FUTURE WORK 

Based on the current study. some recommendations CIIII be made for future work 
as follows: 

\. To make the program capable of carrying out conceptual design tasks for 
process selection in the preliminary, primary, secondary (i.e. physicochemical 
processes) and tertiary stages. 

2. To expand the existing performance data in the Excel file by adding new 
data taken from literature/existing plants or carrying out treatability studies in 
the laboratory. 

3. To further refme all of the assumptions made concerning the default 
values used in the conceptual design tasks within the program so as to enable 
process selection to be carried out for any given situation. 

4. To incorporate process economics within the program in terms of capital. 
construction, operating and maintenance costs. 

5. To verify the model using previous case histories of existing plant. 
6. To verify as to whether the methodology adopted in the current work can 

be applied to a wide range of wastewater types. 
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7. To explore the possibility of interfacing other windows applications with 
XpertRule, as an external program. so as to exploit its full potential as a tool for 
carrying out detailed design tasks for process selection. 

8. To consider replacing XpertRule as the processing platfonn by a custom 
designed processing package wrinen in a high level computer programming 
language. 
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