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PART 1 

PRELIMINARY WORK AND REVIEW OF LITE~ATURE 



------~ 

CHAPTER 1 --- SYNOPSIS AND INTRODUCTION 

1.1 Synopsis 

This research is concerned with the use of techniques 

of system analysis / operations researcn in the selection 

of the optimal - or most appropriate - wastewater treatment 

techniques in any given situation. An extensive 

investigation of existing treatment system optimization 

models, applying techniques of linear pr:gramming, dynamic 

programming and non-linear mathematical programming, has 

been carried out. None of these existin~ ~odels deals with 

the socio-cultural and environmental con::tlons but merely 

with the economy of treatment. In this work the more 

subjective or intangible factors are included in the 

proposed optimization model in which twenty parameters are 

identified. These parameters are considered to be most 

important in the selection of appropriate alternatives 

for treating municipal wastewater. They include 

technical, economic, environmental a::: socio-cultural 

factors. The model was developed to rank a definite number 

(n) of wastewater treatment alternatives (decision 

variables) by the evaluation of the twent:: parameters. 

The model applies a recently developed system analysis 

technique called eigenvector prioritization (or analytic 

hierarchy process and requires the use of a computer 

program to integrate a 20 x 20 parameter ~trix with twenty 
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n x n decision variable matrices for obtaining the final 

ranking of the treatment alternatives. The computer 

program is written in IBM-pc BASIC and can be run on any 

I BM personal computer (or any XT or AT). The mode 1 .... as 

tested using data collected from actual treatment plants in 

Malaysia, Thailand, Tai .... an and Hong Kong. A sensitivity 

analysis .... as then carried out. As a result the model .... as 

extended to be able to forecast a change of appropriate 

technolo'JY as social and environmental conditions altered 

.... ith time. 

1.2 Introduction 

Chapter 1 of this thesis, as can be seen from its 

title, gives a bird's eye view of the contents contained in 

the thesis. Chapter 2 is a brief but. comprehensive 

description of existing wastewater treatment techniques 

.... hich are commonly in use. Chapter 3 1s an extens i ve 

survey on the development of treatment system optimization 

models since 1962. Models based on operations research 

techniques including linear programming, dynamic 

programming and non-linear mathematical programming 

proposed by various researchers are described in this 

chapter. 

Chapter 4 begins to discuss the model proposed in this 

research. In the chapter, the complete sets of the 

parameters and the decision var iables (or treatment 
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alternatives) are described. Chapter 5 then gives a 

detailed discussion on the mathematical tool (eigenvector 

prioritization) applied in the model. It also explains the 

reasons for using this particular mathe:natical technique 

and discusses the advantages of it over t!le others. After 

a theoretical background is given in Chapter 5, Chapter 6 

continues to describe the development of the model in 

detail, including the discussion of the computer program. 

There are two d i st inct i ve methods in research 

deductive and inductive methods.(l) The deductive method 

uses logic that moves from the general tc the specific. In 

such a method, a theory or an idea is obtained after a 

general cons iderat ion of all occurrences. The inQuctive 

method, however, uses logic that is launched from a 

specific occurrence and moves to inferences concerning the 

general. In other words, if a number of special cases 

occurs according to a general theory or idea then the 

latter is supported. The inductl ve method is applied in 

this research. The model is formulated firstly as a 

hypothesis, as described in Chapters 4, 5, and 6. It is 

then tested by using four different situations. Chapter 7 

and Chapter 8 describe the tests using ds:a collected from 

four different places, namely, Malaysia, Thailand, Taiwan 

and Hong Kong. The test results obtai:led are the four 

optimal (or most appropriate) treatment alternatives for 

the four given situations. 
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Chapter 9 is a description of the sensitivity analysis 

of the model, the technique of which is applied to 

forecasting change of appropriate technology as a result of 

change of situation. Chapter 10, the last chapter, gives 

an account on the merits and demerits of the model, which 

is then followed by a suggestion of further work to be done 

for improving the effectiveness of the model. 
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CHAPTER 2 --- CURRENT AVAILABLE VASTEWATER 
TREATMENT ALTERNATIVES 

The wastewater treatment methods currently available 

are numerous. For the purpose of making a survey of them, 

they are categorized into eight groups so that the 

discussion can be made more systematically: 

1. Clarification 

2. Stabilization ponds 

3. Aerated lagoons 

4. Biofiltration 

5. Activated sludge process 

6. Small treatment plants 

7. Land application 

8. Tertiary treatment 

Each group'of the treatment methods will be discussed 

in the following sections. 

2.1 Clarification 

This is a physical form of treatment. A percentage of 

the insoluble pollutants will settle to the bottom under 

the influence of gravity when the wastewa~er is allowed to 

stand in a tank for a certain time (usually 2 to 6 hours). 

This method will remove only insoluble pollutants in 

wastewater. There are pr imary clar i f iers and secondary 

clarifiers, the former allow settlement of pollutants to 
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occur prior to secondary I biological treatment, and the 

latter do so following secondary treat~ent. usually, 

secondary clarification is classified as a part of 

secondary treatment. There are basically three types of 

clarifiers --- horizontal flow, radial flow and vertical 

flow. The radial flow clarifiers are most commonly used, 

particular for secondary clarification. 

Primary clarification can remove about 60\ to 70\ of 

s.s. and 35\ to 40\ of BOOS of a preliminarily treated 

municipal wastewater(23). If the standard of effluent 

required is not high, this method of treatment is simple 

and cheap. It does not require very high technical skills 

of its operation and needs only small site area. However, 

attention has to be paid to the treatment and disposal of 

the settled solids (or primary sludge) in using primary 

clarification. 

Pathogens in the wastewater settle partly to the 

sludge layer (in both primary or secondary clarifiers) 

either by direct sedimentation or by being adsorbed onto 

solids that are in the process of settling. In primary 

clarification, very little or no removal of virus (causing 

diseases such as diarrhoea, infectious hepatitis, yellow 

fever, etc.) is achieved(9). About 50\ of removal of 

bacteria (causing diseases such as diarrhoea, cholera, 

typhoid, etc.) may be achieved in about 4 hours retention 

time(9). Protozoal cysts (causing diseases such as 
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diarrhoea, amoebic disentery, malaria, !:c.) in the crude 

sewage can be reduced by 30% to 50% (3) . Helminth eggs 

(causing diseases such as human round verm and hook worm, 

fish-borne parasites (Clonorchias:s), bilharz ia, 

filariasis, etc.) can also be removed by 50% to 70\(9). 

2.2 Stabilization Ponds 

Stabilization ponds are shallow, large area flat 

bottomed ponds surrounded by an eart~ dike. Natural 

physical and biological treatment processes occur in the 

ponds. Stabilization ponds may be class:fied as anaerobic 

ponds, facultative ponds and maturation ~onds. 

An anaerobic pond functions similarly to an open 

septic tank. It is deeper (up to 5 m) than the other two 

types of ponds, with retention time of about a day, and is 

usually used together with other forms of treatment as a 

pre-treatment process. Odours are a problem with anaerobic 

ponds, and efficiencies of treatment a:e generally low. 

The major Bofi s removal by an anaerobic pond, like primary 
\ 

clarification, is achieved through the removal of the 

suspended sol ids, as it is unreasonable :0 expect a crude 

anaerobic digestor such as a pond to £:lrther reduce the 

BOOS of a relatively weak municipal wastewater (7) • 

Therefore, an anaerobic pond is usually designed as a 
J primary settlement unit, but instead Jf desluding the 
l 

settled solids (as in the case of clarifiers) , they are 
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allowed to accumulate at the bottom of the pond and 

encouraged to stabilize anaerobically and so continual 

handling of sludge can be avoided. 

Facultative ponds are typically 1 to 1.5 m deep and in 

them anaerobic breakdown occurs at the bottom layer whi le 

aerobic stabilization takes place at the top layer. They 

can be used alone but can also be used together with other 

types of ponds in series. If a facultative pond is u&ed in 

series with other ponds, it must be put after an anaerobic 

pond and/or before a maturation pond. The oxygen necessary 

for biochemicai oxidation at the upper layer of the pond is 

supplied by the photosynthetic activity of algae grown in 

the pond naturally and also by the direct adsorption of 

atmospheric oxygen through the air/water interface(7). 

Retention times range from 10 to 40 days, achieving up to 

95\ removal of BOOS. 

Maturation ponds are shallow fully aerobic ponds 

normally used to receive effluent from facultative ponds so 

that the effluent may be improved. They have a depth of 

about 1.5 m and retention times of 5 to 10 days. 

Maturation ponds are used principally to achieve the 

removal of excreted pathogens, especially faecal bacteria 
\ 

and viruses. The presence of predators (e.g. rotifiers and 
\ 

various protozoa), algal competition, nutrient 

deficiencies, high 0.0. concentration, high pH, and good 

sunlight penetration (ultraviolet radiation) are suggested 
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to be the reasons for pathogen remov~l in maturation 

ponds(7) . 8es ides pa thogen remova 1, ";~e ponds can be 

employed to further lower the concentraticn of 8005 and the 

s. s. in the wastewater. They also oxidize any remaining 

ammonia to nitrate (ie. nitrification), and lower the 

concentration of the soluble nutrients, ni trates and 

( 7 ) 
phosphates . These two nutrients are r=~oved by anabolic 

uptake during the growth of algae and of other 

microorganisms. Phosphates are also removed by 

precipitation as hydroxyapatite [CaS(P04)30HJ at high pH 

values ( 8 . 2 or above) developed as the result of 

photosynthes is (7) • 

Anaerobic ponds, facultative ponds and maturation 

ponds may be designed, as mentioned prev:'·,usly, in series 

so as to accomplish the more comple";e treatment of 

wastewaters. 

designed for 

ponds [mainly 

Anaerobic and facultative ponds are mainly 

800 5 and s.s. removal, whereas maturation 

for pathogen destruction and effluent 

polishing. If large site area is read~:y available and 

land cost is low, stabilization ponds can be the most 

economic method of wastewater treatment. The degree of 

purification by ponds, both in terms of =':DS and pathogen, 

is high and they can withstand both organic and hydraulic 

shock loads due to large pond volume, long retention period 

and hence high buffer capacity. At the same time, they 

reqUire only low capital and maintenance costs and need 

minimal technica 1 sk ill and attent i on in the ir ope rat i on. 
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Another advantage of ponds over other forms of treatment is 

that they do not require continual sludge removal. 

Oesludging is only required once in a considerable long 

period of time. An anaerobic pond needs desludging perhaps 

every 3 to 5 years, .. hereas a facultative pond may only 

need that every 10 to 15 years if it is preceeded by an 

anaerobic pond (14). Ho .. ever, climatic conditions are an 

important consideration, as ponds are much less efficient 

in cold .. eather .. hen bacterial metabolism is slo .. ; also the 

possibility of an ice cover exists. Another major 

disadvantage is that the effluent from a series of 

stabilization ponds .. ill be heavily laden with algae. This 

can increase considerably the BOO of the effluent, 

sometimes by a factor of t .. o to three(S). Various 

techniques (e.g. sand filtration, dissolved-air flotation, 

rock filters, etc.) have been employed to remove algae from 

the effluent, but more attention is required in operating 

these techniques and a higher cost .. ill be involved. If 

the reason for selecting stabilization ponds in treating 

.. aste .. ater is because of their simplicity and 10" cost in 

both construction and operation, the algal burden in the 

effluent is generally accepted as an unavoidable fact as a 

result of employing this treatment alternative. 

A well designed pond system having a total retention 

time of 20 days .. ill produce an effluent with complete 

elimination of protozoal cysts and helminth eggs, retaining 

only a very small fraction of excreted bacteria and 
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(9 ) 
viruses . Bacter ia and viruses can also be completely 

eliminated 

allo .... ed (9) . 

if a retention time of 

Stabi1ization ponds, 

40 days or more is 

ho .... ever, can be 

favourable sites for mosquito breeding, particularly in 

reeds and .... eeds near to the banks. Mosqu i toes serve as 

vectors for diseases such as malaria, filariasis and ye1lo .... 

fever. Consideration must be given as to .... hether or not 

ponds may be employed as treatment alternatives if these 

diseases are endemic. 

2.3 Aerated Lagoons 

Aerated 

(about 1/10 

lagoons resemble 

the size(17)) 

small sta~ilization ponds 

but usua lly wi th surface 

mechanical aerators supplying oxygen for the biochemical 

mechanism tak ing place in the lagoons. They are more 

correctly considered as a simple modification of the 

activated sludge process (about 8 times the size(12,17) of 

a conventional activated sludge plant) and without sludge 

return system. Primary settlement, as .... ith stabilization 

ponds, is not necessary for aerated lagoon treatment 

system. Retent i on time for lagoons is 2 to 6 days and 

lagoon depths are 2 to 4 m. There are t .... o types of aerated 

lagoons --- fully-suspended aerated lagoons and partially-

suspended aerated lagoons. 

In a fully-suspended aerated lagoon, all solids are 

kept in suspension by the surface aerators and therefore 
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secondary settlement is required. Settlement tanks 

(minimum retention of 2 hours) or maturation ponds 

(retention of about 2 days) are usually used as secondary 

settlement alternatives for such purpose. A pond should be 

preferred whenever land is available because it saves the 

necessity of continual sludge removal/handling and is easy 

to operate and maintain. 

In a partIally-suspended aerated lagoon, a lower rate 

of oxygen is added mechanically and a lower concentration 

of volatile solids is continually held in suspension. The 

mass of suspended solids again represents an embryonic 

mixed-liquor. Surface aerators can be ;ut in a "tapered" 

fashion so that the section near the outlet of the lagoon 

will be most undisturbed, thus allowing it to require no 

secondary settlement in the design. Suspended solids 

concentrations of 50 to 100 mg/l are normally anticipated 

in the final effluent(SI. 

The two types of aerated lagoons can be put in series, 

normally withtfully-suspended one followed by a partially-

suspended one(13,21). Retention times of the two lagoons 

can be expressed as dependent variables in equations with 

BOOS concentration of the intermediate effluent as the 

independent variable. The minimum total retention time of 

the two lagoons can be found by differentiating the total 

retention time with respect to the indepe~dent variable. 

12 



BOOS removal by aerated lagoons can be 90\ or higher, 

depend ing on the length of retent ion time. For pathogen 

removal, the efficiency is some .... here in bet .... een that of 

stabilization ponds and conventional activated sludge 

treatment plants, aerated lagoons have a better pathogen 

removal capacity than activated sludge processes but a 

( 9 ) 
lo .... er one than ponds . The pathogen removal efficiency 

of activated sludge .... ill be discussed in Section 2.5. 

2.4 Biofiltration 

Bi of i 1 trat i on is a secondary treat:nent process and 

must be preceeded by primary settlement. The biological 

(or percolating or trickling) filter is a circular or 

rectangular bed of graded medium, usually 40 to 60 mm 

coarse aggregate and about 1.8 m deep (or specially 

manufactured plastics .... i th greater depth), contained in a 

brick or concrete structure. Settled se .... age is 

periodically dosed onto the surface of the filter and 

trickles do .... n over the surface of the medium. On these 

surfaces, a biological film is formed .... hich oxidizes and 

hence purifies the settled sewage as it flows through. The 

loading of the filter is normally measured by either the 

"hydraulic loading" or the "BOOS loading". The hydraul ic 

loading measures the volume, in m3 , of settled sewage that 

is applied to each cubic meter of the filter media per day. 

The BOOS loading measures the kilograms of BOOS applied per 

cubic meter of med ia per day. The BOOS loading is more 
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commonly used nowadays. For a ccn-'entional simple 

biofilter, a BOOS loading of between ai:O'.lt 0.07 and 0.10 

kg/m3/day is applied (20) . Thus, a simple biof 11 ter plant 

needs quite a large volume of media and hence requires 

about 5 times the site area a conventional activated sludge 

plant does for treating sewage from the same 

population(12). It is, however, about 15 times smaller 

than a stabilization pond. Biofilters require sludge 

handling facilities which increase both the capital and the 

running costs of biofiltration plants. 

Modifications to the above-describec simple biofilters 

have tended to lower the volume of :je filter media 

required ( i e • to increase the BOOS load ing) . The 

modifications include the recirculation of effluent and the 

alternating double filtration techniques. In such cases, 

settled sewage can be dosed to the filters at a higher rate 

than simple biofiltration, up to about 0.24 kg 

BOOs/m3/day (20) • In applying recirculation, a portion of 

the purified and settled effluent is ret;:::ned to be mixed 

with the settled sewage and this mixed and diluted sewage 

is then dosed to the filter surfaces_ In applying 

alternating double filtration, two filte::s are operated in 

series. The intermediate effluent from tje first filter, 

after settlement, is appl ied to the second f i 1 ter. At the 

end of a selected period (possibly a week) the order of 

the first and second filters is reversed_ This system of 

alternating the two filters is continued indefinitely. In 
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using the modified forms of bioflltration, the land area 

requirement of the plant can be reduced to about 3 times 

the size of a conventional activated sludge plant (12) due 

to the higher loading rate and the smaller volume of media 

required. 

Percolating filters are quite efficient at removing 

BOOS and 5.5. (85% to 95\) from municipal wastewaters, but 

they do not appear to be efficient at removing viruses 

(only about 30\ to 40\)(9). Removal efficiency of about 

85\ for bacter ia and protozoal cysts can be aChieved by 

biofilters, but much lower removal rates for helminth eggs 

( 9 ) 
are reported . In general, effluent from biofiltration 

satisfying "Royal Commission Recommendations" will be of 

poor microbiological quali ty and still be highly 

pathogenic. Tertiary treatment (see Section 2.8) may be 

the only way to help produce a good final effluent from a 

public health Viewpoint. 

If the requirement of the quality of the final 

effluent is not high, then the high-rate filtration can be 

applied. This is simply an increase in dosage rate (e.g. 

1.11 kg BODs/m3 Iday( e) at the Dunstable Plant) to the 

filter. The sizes of the filter media used in this case 

will be larger so as to provide larger voids and hence 

reduce the chance of blocking and ponding. The high-rate 

filtration can also be facilitated by using plastic media 

(90% voids) in tall towers rather than the usual stone 
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media (40\ voids) so that the loading rate can be as high 

3 (8 20) as 2.0, 4.0 and even 6.0 kg BOOS/m /day , To obtain a 

better effluent in using high-rate filters, low-rate 

(simple) biofilters are sometimes put in series after them 

as secondary filters to further treat the intermediate 

effluent. Reclrculation can be incorporated in such so 

( 8 ) 
called double filtration systems 

2.S Actiyated Sludge Process 

Activated sludge process is a secondary treatment and 

therefore, similar to bioflltration, must be preceeded by 

pr imary treatment. The settled sewage flowing into an 

aeration basin (also termed reactor or mixed-liquor tank) 

contains organic polluting material (BOO) which acts as a 

food supply to the micro-organisms in the sewage. In the 

presence of abundant air (or more correctly oxygen) supply, 

the micro-organisms metabolize the BOO, producing new 

microbial cells and at the same time redacing the organic 

pollutants. The mixed-liquor in the react~r is in the form 

of biological floc and. is continuously transferred to a 

clarifier (secondary settlement) for gravity separation of 

the floc and discharge of the clarified e:fluent. A high 

percentage of the settled floc (termed secondary sludge) is 

returned continuously to the aeration basin for mixing with 

fresh settled sewage While a small percentage of it is 

surplus and is led to the sludge treatment and disposal 

fac i 11 ties. 
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In the conventional activated sludge process, 

atmospher ic oxygen is supplied by either sur face-aeration 

(ie. mechanical agitation) or diffused-aeration to the 

settled sewage. This is carried out in the reactor which 

normally has a hydraulic retention time of approximately 6 

to 10 hours. The biological floc (or activated sludge 

floc) which is kept suspended by agitation in the reactor 

consists mainly of a high concentration of micro-organisms 

which is responsible for the carbonaceous oxidation and the 

nitrification of the organic polluting material. An 

equilibrium is reached in the system such that the rate of 

organism growth is equal -to the rate of organism decay and 

the rate of discharging surplus secondary sludge (6,15). 

The suspension in the reactor, as previously mentioned, is 

then led to a secondary clarifier in which the secondary 

sludge (mainly living an '"dead micro-organisms) is allowed 

to settle. The supernatant from the secondary clar i fier 

(or final effluent) is thus highly purified, usually 

attaining 95\ or higher BOOS and s.s. removal with respect 

to the raw sewage incoming to the plant. The purpose of 

continually recycling a major part of the secondary sludge 

from the secondary clarifier back to the reactor is to 

ensure that a high concentration of micro-organisms 

(usually referred to as MLVSS or mixed-liquor volatile 

suspended solids) in the reactor is maintained. The 

surplus secondary sludge and the primary sludge are handled 

together in the sludge treatment and disposal facilities 

which must be provided with 
, 
1'n an activated sludge plant. 

" 
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The activated sludge process is therefore expensive due to 

two reasons: (1) power needed for continual supply of 

atmospheric oxygen to the reactors, and (2) provision of 

sludge handllng facilities. In addition, a high technical 

skill is required in the operation of an activated sludge 

plant as 0.0. concentration, HLVSS level in the reactor, 

discharge of surplus activated sludge and so on have to be 

carefully and effectively monitored so as to allow the 

process to run smoothly. 

There are a number of modifications to the 

conventional activated sludge plants. They include high-

purity oxygen plants, deep-shaft plants, oxidation ditches 

and packaged activated sludge plants (extended aeration or 

contact stabilization). The first two modifications will 

be discussed here. The last two fall into the category of 

small treatment plants and will therefore be discussed in 

the next section (ie. Section 2.6). 

High-purity oxygen plants are activated sludge plants 

in which pure oxygen is supplied to reactors instead of air 

(ie. atmospher ic oxygen). The reactors in these plants 

allow for much higher oxygen transfer efficiencies than in 

conventional air-based -plants so that the rate of 

biological oxidation is accelerated and therefore power 

costs are substant ially reduced (but at the expense of 

additional oxygen cost). They have a better adaptability to 

var iation of sewage strengths, and possibly produce less 

18 



sludge than air-based plants(12) The size of a pure 

oxygen plant is smaller so the resultant savings in capital 

cost may somehow offset the cost of the oxygen supply. 

High-pur i ty oxygen plants are useful particularly to deal 

with relatively high strength wastes because of the 

increased rate of oxygen transfer. The disadvantages are 

that they require even a higher operation skill, besides a 

higher operation cost, than the conventional air-based 

plants. Also, with the enclosed UNoX-type plant, 

nitrification is rarely achieved in the process due to the 

effect of low pH value as a result of the presence of C02 

in the mixed-liquor(22). 

A deep-shaft plant consists of two vertical shafts 

(one called downcomer and one called riser) which are sunk 

40 to 150 meters underground. Air is injected into the 

downcomer at a sufficient depth to cause the mixed-liquor 

to circulate at a velocity of 1 to 2 m per second(ll). The 

non-aerated section above the downcomer air injection 

position has a lower voidage and therefore a higher density 

than the corresponding section of the riser. The 

di f ference in densi ty between downcomer liquid and riser 

liquid above the point of air injection produces a net 

driving force and hence the liquid motion in the shaft is 

maintained. High oxygen transfer efficiency can be 

achieved in deep shafts because of three rea~ons: ( 1) the 

high pressure (10 to 15 atmospheres) eXist~~ at the low 

part of the shafts, giving a 5 to 10 fold increase in 
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solubil1ty of oxygen, (2) the high bubble contact time of 

the order of 3 to 5 minutes (compared to 15 seconds in 

conventional air-based reactors), and (3; the high level 

of turbulence in the process. Deep-shafts are capable of 

treating sewage of high BOO strength and are more resistant 

to shock loads than convent i onal activated sludge plants. 

Because of the reduction of reactor volume due to the ir 

high treatment rate and of the saving in land area (shafts 

are usually less than 3 m in diameter although there is a 

tendency currently to build bigger ones), the disadvantage 

of their high construction cost may be offset if the land 

cost is high. The capital saving in:reases with the 

increase in plant size. Po .... er consumpti~n by deep-shafts 

compares favourably ..... ith conventional air-based plants. 

Lower sludge production rate is achieved. Also, no primary 

treatment is required for deep-shaft plants. It is, 

ho .... ever, more difficult in separatiDg sludge during 
. ( 3) 

secondary settlement , and it requires a very high 

standard of technical abU i ty from the operators 1n order 

that the process be successfully monitore~ and controlled. 

Activated sludge systems are more effective in 

removing viruses than trickling filter! and up to 90\ 

removal efficiency can be achieved(9). Similar efficiency 

is also reported for removing bacteria. in respect of the 

removal of helminth eggs and protozoal cysts the activated 

sludge process is, ho .... ever, inferior to bioflltration, but 

a considerable proportions of the eggs may be removed in 
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the secondary clar i f iers. On the whole, effluents from 

activated sludge plants are of marginally better quality 

than those produced by biofilters, but still contain 

significant numbers of any pathogen found in the raw 

( 9 ) 
sewage . 

2.6 Small Treatment Plant 

Small treatment plants aLe usually specially deSigned 

plants tailored to treat wastewaters from small communities 

of perhaps 5000 population equivalent or less. There are 

rotating biological contactors (or RBC), oxidation ditches 

and package activated sludge plants. The RBC is actually 

another form of fixed-film biological process, similar to 

biofiltration, while the other two are in fact 

modifications of the activated sludge process. They will 

be discussed in turn below. 

Instead of dosing settled sewage onto stationary media 

( ie . conventional biofiltration) , rotating biological 

contactors use a moving media (rotating discs) to contact 

the "stationary" sewage contained in tanks. It is a form 

of secondary treatment process. Vertical discs (1 to 4 m 

in diameter) mounted on hor i zontal shafts are part ially 

submerged in the sewage so that organisms may adhere to the 

discs surfaces where they multiply. Due to the rotation 

(0.5 to 3 revolutions per minute) of the discs, the 

biological slimes adhering to them are alternatively 
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exposed to the atmosphere and then to the wastewater, thus 

are provided with both fresh nutrient and an oxygen supply. 

Usually, several discs units (3 to 5) are put in series and 

plug-flow character ist ics enhance the efficiency of the 

system. 

.process. 

Secondary settlement is required after the 

RBCs are simple to operate and require little 

maintenance or supervision and hence require low operating 

and power costs. 

parts of the world 

Capital costs can also be low in some 

le.g. Taiwan, Hong Kong and Thailand). 

With the increasing popularity of RBC plants, the discs are 

be ing manufactured through mass production (e. g. in China 

and Taiwan) so that the capital costs tend to go down 

substantially. Yet, they are capable of producing very 

good quality effluents. This treatment process is 

increas ingly employed these days and the use of it is 

sometimes not l1mi ted to populations of less than 5000 

persons. Pathogen removal by RBCs has not been studied but 

it is believed that it is about the same as for biofilters. 

The Oxidation ditch is a modification of the activated 

sludge process. Aeration time for oxidation ditches is 

usually extended so that only a small quantity of surplus 

sludge is produced .... hich requires handling. The ditches 

are race-course shaped tanks usually of about 1.5 m depth 

and between 2.5 to 4 m wide in which preliminarily treated 

crude sewage is aerated and circulated around. Hydraulic 

retention times are between 1 to 2 days. Conventional 

oxidation ditches (or Pasveer ditches) operate .... ith 
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horizontally rotating aerators and were originally operated 

on periodic aeration, settlement and effluent withdrawal 

basis. Modifications such as "twin-spur", "split-channel" 

and "alternating dOUble" Pasveer ditches{4,8,19) were 

brought into use later to allow continual effluent 

wi thdrawal from the ditches without having any secondary 

settlement units. If secondary settlement is used, an 

oxidation ditch becomes an aeration unit of conventional 

activated sludge process and nearly all {>95\ the 

secondary sludge will be returned to the ditch. Carrousel 

ditches run with vertical rotors instead of horizontal 

ones, and have greater depths (usually 2 to 3 m) than 

Pasveer ditches(16). They are usually constructed together 

with secondary clarifiers. In general, the advantages of 

oxidation ditches are that primary settlement is eliminated 

and that sludge production is low. Secondary settlement-

can also be avoided in the cases of twin-spur, spli t­

channel and alternating double Pasveer ditches. The 

capital cost for an oxidation ditch plant is relatively low 

due to the facts that the ditch is a simple construction 

and that the machinery required is relatively simple. 

However, the process needs a little higher technical skill 

and attention to operate than RBC plants. The land area 

required is about 20 times less than that required by a 

·stabilization pond(l7) or about 4 times more as that 

required by the conventional activated sludge process. The 

effluent usually has a pathogen content similar to that of 

the effluent produced by a conventional plant, although as 
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a resul t of the increased re tent ion t ille slight ly lower 

survivals may be achieved (9) • Oxidation ditches, like 

RBCs, are now sometimes used for populationS larger than 

5000. 

Package plants are activated sludge based and 

therefore are also called package activated sludge plants. 

Pure oxygen system (see Section 2.5) can also be 

incorporated in a package plant (e.g. Vitox system of 

British Oxygen Company). The more usual types of package 

plants widely used nowadays are extended-aeration system 

and contact-stabilization system. The former requires long 

aeration time (24 to 48 hours) and the la:ter only half an 

hour in the first stage (for unsettled sewage) and then 4 

hours in the second stage (for reaeration of settled 

activated sludge). These factory-built plants can achieve 

a high treatment efficiency and the performances are 

designed to be less sensitive to regular maintenance than 

conventional activated sludge plants(l7) • Yet, the 

technical ability required to run these plants is still 

fairly high --- higher than both the RBC plants and the 

oxidation ditches. Saving in capital cost (but not 

operating cost) , however, is possit:le because the 

components are standardized and produced in mass. Such 

plants are perhaps appropr iate for sma 11 incoming sewage 

flows where conventional activated sludge treatment plant 

construction is not suitable. The pathogen removal 

efficiency for these plants has not been reported but it is 

24 



believed to be similar to that of conventional activated 

sludge process. 

2.7 Land Application 

Land application is any treatment technique which 

utilizes the interactions between natural soil and 

vegetation and wastewaters to upgrade the quality of the 

wastewater. It can be classified into three main 

techniques: irrigation, overland flow and 

percolation(S,15). 

infiltration / 

For irrigation, wastewater is applied to the land; 

being either evaporated, transpired, incorporated into 

plants, or percolated into the subsoil. Primary 

sedimentation is the minimum preapplication treatment which 

is usually provided(15). Therefore, the wastewater applied 

to the land for irrigation usually passes through either a 

primary clarifier, septic tank or anaerobic pond before , 
application. If the soil is suitable, saltble crops may be ~ 

grown and harvested, the income from which will partially 

offset the cost of treatment. The wastewater (or 

irrigation water) can be applied by spraying from fixed or 

moving sprinklers, by ridge-and-furrow spreading, or by 

border-strip floOding(S). The groundwater level must be at 

least 0.75 m from land surface(l5). 

For overland flow, wastewater is fed onto and allowed 
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to flo .... across gently sloping areas covered .... ith natural 

vegetation but below .... hich the subsoil is impervious. 

Primary treatment for the .... astewater is optional in 

overland flo .... application(lS). Biological treatment occurs 

as the wastewater contacts .... i th the vegetat ion and the 

soil. The treated waste .... ater is then collected in ditches 

at the lo .... er end of the ground for either discharge or 

reuse. The vegetation produced is not usually 

harvested(lS), and grasses or pasture are usually preferred 

to cash crops as they are more deeply rooted and are more 

permanent in cover ing the land (S) . Groundwater level is 

not a critical factor .... hen this technique is used(15). 

With the infiltration / percolation technique, 

.... astewater· is applied to permeable soils. Primary 

treatment, like . irrigation, is usually 

applying this technique (15). The treatment 

necessary 

occurs as 

in 

it 

percolates through the soil. Wells may be installed to· 

intercept the treated waste .... ater which is then extracted 

for reuse. A high level of .... aste .... ater purification can be 

achieved by the method. Vegetation growth is usually not 

(18) 
encouraged in this technique . Ground .... ater level must 

be at least 3 m below the surface; lesser depths may be 

acceptable if underdrainage systems are provided(lS). 

Loamy sol1s are best for irrigation; clays or clay-

10ams are best for overland flo .... ; and .... ell drained sandy 

soils are best for infiltration/percolation. Usually, a 
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very large land area is required in applying land treatment 

3 
techniques. About 11 to 21 Ha per 1000 ID /day is required 

for irrigation, 3 to 12 Ha for overland flow and 2 to 6 Ha 

for infiltration/percolation(8). Therefore, the techniques 

require even a much larger area than stabilization ponds, 

which, for the same treatment capacity (ie. 1000 m3/day), 

require about 1.5 Ha to 3 Ha of land. It should be noted 

that the constituents retained in the soil may accumulate 

to certain levels 50 that rest periods (about 2 to 3 weeks) 

are essential to allow the accumulated biodegradable 

organic matter to be broken down. It is possible that 

after a long period of time, when the toxic constituents 

retained in the soil have accumulated to intolerable 

levels, the land is no longer sUitable for further 

wastewater application. This is another drawback of land 

application technique, besides the potential of creating 

polluted environment, ground water contamination and health 

hazards by improper management. Isolation from the public, 

therefore, is desirable when the techniques are used. 

The land application techniques (all the three) are 

very efficient in BOOS and s.s. removals, and are efficient 

in removing nitrogen and phosphorus. Bacter ia and viruses 

will also be removed (18) . Protozoa and helminths are not 

reported but it is believed that they will also be removed 

by pass ing through so 115. On the whole, high pathogen 

removal efficiency can be achieved by the techniques. It 

is necessary to be aware, however, that land application 
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I~specially irrigation) may lead to the creation of a foul 

uns3nit3ry bo'} . I' 
1 • poorly resultin'] 

fly/mosquito nuisance. A high level of technical control 

is th~refore essenti~l. 

2.8 Tertiary Treatment 

Tert iary treatment is a collect i ve name given to the 

process used to improve the quality of secondary effluents 

from conventional treatment plants. BOOS and s.s levels of 

the secondary effluents can be substantially reduced 

following tertiary treatment. Rapid sand filtration is one 

of the tertiary treatment techniqlJes and is usually applied 

in large treatment works. It has been conventionally 

operated at hydraulic loadings of bet·ween 120 to 140 

m3/m2/day(14) but higher rates are no .... commonly employed. 

The filter consists of a bed of sand 11 mm to 2.5 mm 

grading) of about 1.5 m depth supported on an under-

drainage system provided .... ith facilities for back- .... ashing. 

Reduction in s.s. ranges from 65% to 85~ .... ith an associated 

BOOS removal of about 50'\ from a secondary effluent I 14) . 

Because of the short retention time, little biological 

activity occurs and thus the technique is not expected to 

achieve much nitrification or pathogen removal. 

Slo.... sand filtration, another t~!tiary tr~~tment 

technique, which has been employed in small .... orks, is 

operated at a hydraul ic loading of only 3.5 to 7 
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The £ i 1 ters are usua lly ~bl)lJt 0.5 m <'leer, 

cl)nsisting of a layer of sand resting 0~ 3 layer of coarse 

aggregates which in turn rests on a s:;'stem of dra inage 

pipes. Construction is simple and hence cheaper than that 

of the rapid sand filter because no back-washing facilities 

are required. The land area needed, however, is very much 

larger than that needed by the rapid s=nd fi lter. Slow 

sand filters also reqUire lower operatio:l and maintenance 

costs and lesser attention than that fn rapid filters. 

They can be expected to remove 65~ to 90\ of s.s. and 65% 

, '4 ) 
to 75\ of BOOS from a secondary effluent" . Significant 

biological activity occurs in these filters and therefore 

high pathogen removal efficiency (usually 3bove 90'1 can be 

achieved(24) . 

Kicrostraining, a tertiary treatment technique too, is 

good for removi ng s. s. bllt less good for BOO. Reported 

removals range from 35\ to 75' s.s. and 12\ to 50"0 

BOOS (20) Little pathogen removal can be expected from 

microstraining. rt is, therefore, not a very efficient 

"polisher" of secondary effluents from th!s point of view. 

The advantage of using microstrainers is that they need 

only very small installation space and ca~ be easily placed 

under cover, thus rendering them suitable ~or large works. 

Other tertiary treatment techniques include upward-

flow clarification (pebble bed clarifiers;, land treatment 

(overland flow on grass plots or infiltration for 
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collection in underdrains(91 I and maturation laqooninq. 

Tertiary treatment processes were not oriqinally desiqned 

for pathoqen removal but for "polishinq" secondary 

effluents, particularly for the removal of residual 

suspended solids. However, some of them (slow sand 

filtration, land treatment and maturation laqooninq) do 

have very good pathoqens removal characteristics. 

Another advance in effluent polishing is the use of 

nitrifyinq filters. In certain treatment processes (e. q. 

high-purity oxyqen system or deep-shaft) only carbonaceous 

oxidation is achieved but not nitrification. I n order to 

upgrade the secondary effluent and to nitrify it 

completely, nitrifying filters may be employed. They are 

similar to conventional biofilters but are deeper (or 

taller), beinq about 3.5 to 4 m in depth. The increased 

depth is acceptable because of the low content of the 

carbonaceous biodegradable material in the effluent applied 

to the filters which limits the demand for oxygen in the 

process compared with that of orthodox biof il tration. For 

the same reason, finer qrades of media can be used in the 

filters. Nitrifying bacteria (different from those for 

carbonaceous oxidation) will grow on the ~edia, but unlike 

conventional biofllters, blockage of filters as a result of 
• 

excessive built-up of biological slime will rarely occur. 

It is supposed that the pathogen removal efficiency for 

nitrifying filters is low. 
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other advanced tertiary treatment techniques include 

chemical clarification, recarbonation, activated carbon 

adsorption and regeneration, demineralization (reverse 

(5,20) osmosis, electrodialysis and ion exchange) and so on . 

Since these latter techniques are rarely necessary and 

generally not cost-effective for large scale use in 

treating municipal .... aste .... ater (at least in the context of 

this research), they .... ill not be discussed and .... ill not be 

considered in the proposed model cOI.tained in this thesis. 

The above is a brief survey of existing .... aste .... ater 

treatment techniques .... hich are commonly used. The 

formation of decision variables/treatment alternatives (see 

chapter 4) for the proposed optimization model .... ill be 

based on these var ious techniques. In the next chapter 

(ie. Chapter 3), a survey of the existing treatment system 

optimization models .... ill be made. 
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CHAPTER 3 --- SURVEY OF EXISTING MODELS 

3.1 Linear Programming Optimization 

There are quite a number of optimization approaches in 

wastewater treatment alternatives selection which have been 

developed over the past twenty-six years. Lynn, et. 

a1. (17) were the first, in 1962, who attempted to use the 

method of operations research or system analysis techniques 

to optimally select treatment processes for a wastewater 

treatment plant. In this first attempt, a linear 

programming model was used to optimize treatment 

alternatives at minimum total costs. From the result of 

the analYSiS, one may be able to select the most cost-

effective treatment alternative or alternatives. The 

example given in this paper is most famous and historic and 

is therefore worthwhile to be reproduced in Fig. 3.1 below: 

(Node 1: 
gpd/ft' , 
Node 3: 
Node E: 

influent, Node 1: primary sedimentation with 859 
Node 2: pr imary sed imentat i on wi th 1700 gpd/ ft 
activated sludge, Node 4: percolating filter, 

effluent) 

Fig. 3.1: Linear Programllling Model on Treatment Process 
optimization by Lynn, et. al. 
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The li near programming model for such a 
4 

sy3tem 1s: 

and 

Minimize Tc = j~l Cjj' (Xjj' Ej) 

subject to: 

2 XI j = XI ; j = 1,2 
j 

~ XiE ~ XE ; i = 3,4 
1 

2 Xi j - Xjj' = 0 ; j = 1,2,3,4 
i~j 

( 1 - E j ) Xjj' - :2 X jk = 0 ; j = 1,2,3,4 
k~j 

Xij ) 0 

where 

Tc = total costs 

Cj j' = cost to treat 1 kg of BOO applied to the jth 
process. 

Xj j • = the quantity of BOO (in kg) applied to the unit 
process j. 

= the quantity of BOO (in kg) flowing from 
process i to process j. 

= the fraction of BOO removal in process j. 

XI (influent BOO) and XE (effluent BeD standard) are 
given quantities. 

The model can, of course, be solved ~y anyone of the 

many computer packages ava i lable on ':he market for 

analyzing linear programming problems. The solution for 

the example was that only primary sedi~:ltation with 850 

gpd/ft 2 . (Node 1) should be used for mee':ing the required 

standard with which the processing cost could be reduced to 

a minimum. 

33 



Lynn, after two years, in 1964, developed a further 

linear programming model (18) for capital budgeting of 

sewage treatment plant construction. The objective of this 

model was to minimize treatment cost throughout the history 

of the project. The solution of the model indicated for 

each increment of time (a) the type and increment of 

treatment to be constructed, (b) the amount of funds 

available, (c) the amount of funds needed to be borrowed, 

(d) a ~er capita service charge, and (e) the schedule for 

investment of funds. It is more of a financial model than 

a process selection one and is therefore not to be further 

discussed. 

3.2 Dynamic Programming Optimization 

Linear programming techniques were sO,on found to be 

not a good tool for treatment processes optimization due to 

the fact that wastewater treatment formula, either rational 

or empirical, are usually non-linear. DynamiC programming, 

instead, began to gain popularity in this emerged field of 

interest. 

In contrast to linear programming, there is no 

standard formulation 

problem(l4). It is 

of 

a 

a specific dynamic programming 

strategy of optimization that 

simplifies the decision-making process for a serial system 

(or system in stages). The procedures in dynamic 

programming suitable for analyzing wastewater treatment 
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ser ia 1 systems can, however, be genera 1 i zed as shown in 

F ' 32(12). 19.. . 

Sni S(n-1Ji - N 

1 
Xnj 

Y{r}-1)ij 

S(n-2)i 
N-l • 

X (n-llj 

S2i Sli SOi -..... 2 1 .. 

I 1 
X2j Xlj 

(S = input state, X = decision variable, Y = return) 

Fig. 3.2: Diagrammatic Presentation of A Dynamic 
Programming Problem 

Each step at which a decis.ion is made is called a 

stage and there are N stages in the diagram. For each 

stage a return, Ynij (n = 1,2, ... N), serves as the 

objective function in the optimization. In wastewater 

treatment alternatives optimization, the objective is 

usually to minimize the treatment cost. According to the 

Bellman's principle of optima1ity (1), a serial system is 

optimized when its downstream components are suboptimized 

with respect to the feed they received from upstream. 

starting from Stage 1 (see Fig. 3.2), an input state 

S11 is assumed and held constant while the decision 

variable X1j is varied. For each value of X1j' there will 
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be an associated return 'fUj. The minimum cost mU is the 

minimum of the values of 'fllj for different Xlj, and mll is 

associated with decision Xlj'. If the above procedure is 

repeated for a number of different input states Sli' the 

result will be information that gives the minimum costs mli 

as a function of the input state, and each value of m1i 

will have associated with it a decision Xlj'. 

After the suboptimization of Stage 1, Stage 2 must be 

suboptimized with respect to, firstly, the input state S21. 

From the information, giving m1i as a function of Sli, the 

value of m1i associated with each decision X2j made in 

Stage 2 can be found. The total return associated with 

each decision X2j is the return of Stage 2, 'f2lj, plus the 

minimum return of Stage 1, m1i. Having obtained 'f2ij + mli 

for a number of values of X2j' the minimum value m2l (ie. 

minimum of 'f21j + mli) can be selected. If the procedure 

is repeated for a number of input states S2i, the result 

will be information that gives the minimum costs of stages 

1 and 2 together, m2i' as a function of S2i, with each 

value of m2i associated with it a decision X2j'. 

The above will be repeated until all stages have been 

considered. When stage N is reached, the result will give 

the minimum cost of the entire system as a function of the 

input state Sni. If Sni is fixed 

the minimum overall process cost 

(ie. a given quantity), 

is alsu fixed and the 

optimal decision for stage N and all the others are known. 
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GradyCl2) gave an example, in his paper of 1:377, of 

the application of dynamic programming to optimize an 

activated sludge process as shown in Fig. 3.3 below: 

Y3ij = cost Y2ij = cost Y1ij=cost 

prilry r F~al i 
Sedimentation Aeration 5edimentaticn 

53" -_. m--::----·,rn---~· OJ~ So 
52', 51', = "r'aste = s.s. conc. 

strength = waste = MLSS (standard 
(given strength 

quantity) 
= efficiency 

of s.s. 
removal 

cone. 

x2· = MLSS 
J cone 

X1J' = recycle 
ratio 

given) 

Fig. 3.3: Process Optimization Using Oynamic Programming 

The method of solution, as already described, can be 

. C 3 4) 
expressed mathematically as follows ' : 

where 

Yn = the cost function of nth treatment process 

Tn = the performance function of nth treatment process 

n = 1,2, ..... N CN=3 in this particular example) 

If Y = total system costs, then 

N 
Y = 2 Ynij 

n=l 

N 
= :2 YnCXnj,Sni) 

n=l 
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If Bm is defined as the total subsystem costs up to 

stage m such that 

then 

m 
Bm = ~ Yn(Xnj,Sni) ; 

n-l 
m= 1, 2, .•. , N 

is the optimal total m-stage subsystem costs with input 

Smi and 

Now, Gm(Smi) can be expressed mathematically as: 

Iiin 
Gm(Smi) = Xmj(Ym(Xmj,Smi) + Gm-l(S(m-l)i)} 

Iiin 
or Gm(Smi) = Xmj(Ym(Xmj,Smi) + Gm-l[Tm(Xmj,Smi)]} 

and for the entire system, the optimal treatment costs, 

Ymin' will be: 

where 

Min 
Ymin = XNj (YN (XNj' C) + GN-l [TN (XNj' C)]} 

SNi = C = a given quantity (usually the quality of 
incoming sewage to plant) 

In using dynamic programming, one trend has been to 

optimize the design of a single and prefixed system of 

treatment processes, such as Grady's work(12). The other 

trend has been to optimize treatment systems by selection 

from among many alternative processes, such as the works by 

Chia & Krishnan(4) (1969), Evenson, et. al.(ll) (1969), and 

Chia & DeFiliPPi(3) (1970). 

38 



In Chia & DeFilippi's dynamic programming, percentage 

of BOO removal was used to be the input state 52i at stage 

2 at which treatment alternatives were to be selected. 

Al ternat i ve trea tment processes with a range of treatment 

efficiency for each process were used as the decision 

variables X2j. The results obtained from the dynamic 

programming model would indicate the type of treatment 

alternative that would give the minimum total costs. 

In Evenson's model, 11 alternative treatment processes 

were tested. They were: (a) sedimentation, (b) chemical 

precipitation, (c) chemical oxidation, (d) trickling 

filtration, (e) activated sludge, (f) aerated lagoon, (g) 

aerobic ponds, (h) facultative ponds, (i) anaerobic ponds, 

(j) spray irrigation, and (k) evaporation ponds. The model 

was applied a number of times to different flow conditions: 

plant sizes from 0.5 mgd to 8.0 mgd. In contrast to Chia 

& DeFilippi's model, percentage of BOO removal was used as 

decision variable Xnj and s.s. as input state 5 n i. The 

objective was, of course, to minimize total treatment 

costs. 

3.3 Non-linear Programming Optimization 

Another approach, besides linear programming and 

dynamic programming, for treatment processes optimization 

is non-linear programming (or called mathematical 

programming in general). Mathematical programming models 
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for optimizing problelll3 involving treat:nent costs can be 

generalized in the following format(l9) 

----------(0) 

subject to 

-----------------(1) 

-----------------(2) 

-----------------(m) 

Equation (0), the objective function (or the cost 

function) is equal to the total costs of the waste .... a1:er 

treatment system. The total costs is the sum of the 

. (21 25) 
capltal costs and the present .... orth' of the annual 

operation and maintenance costs for a given discount rate 

and time horizon (24). The decision variables Xl, X2' ... , 

Xn , are quantities describing the system such as tank 

volumes, solids concentrations, detention times, and so on. 

Equations (1), (2), ... , (m) are constraint equations 

which set limits for the performance functions of the 

decision variables. They are derived from limitations on 

equipment, space and o1:her scarce resources, effluent 

quality standard, and from mathematical descriptions 

(either rational or empirical) on various unit process 

performances. 
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Different researchers, such as Middleton & Lawrence 

( 19 ) (1976), 

(1977), 

CIRIA 
(2,5,6,7) (1976), Lauria, et.al. (15) 

C . t 1 (8) ralg,e .a . (1978), Rossman ( 22) (1980), 

Narbaitz & Adams(20) (1980) and Dick(9) (1984), used 

different cost functions in formulating the objective 

function as well as different performance functions in 

formulating constraints. However, all models have a common 

feature that there is an objective function which minimizes 

total treatment costs followed by constraints which are 

mathematical expressions describing treat:nent performances 

and so on. These cost functions and performance functions 

can be found in the works by Smith(23) (:969), Lawrence & 

(16) (26) McCarty (1970), U.S.E.P.A. (1975), WRC(27) (1977), 

Craig, et.al.(8) (1978), and Hasit & Vesilind(13) (1981). 

With the exception of Lauria's model which simply used 

the calculus of Lagrangian analysis for solutioning, all 

the models required the use of computer oriented 

optimization techniques such as Box-Complex algorithm 

* (Craig, et.al.), RSSRSSR (Narbaitz & Adams), and Powell's 

hill-climbing algorithm (CIRIA and Dick). 

It is worthwhile to note that all non-linear 

programming models developed before Rossman (1980) were for 

optimizing the design of a single pre-structured stream of 

* Random Search with Systematic Reduction of the Size of 
Search Region 
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treatment system. They were not used to optimize systems 

by selecting alternative treatment process streams. Only 
--,.. 

unt 11 Rossman and la ter researchers, the mode Is deve loped -
were capable of selecting optimal treatment alternatives. 

This was accomplished by the introduction of zero-one 

decision variables in the constraints so the problems 

become one of non-linear integer programming. Assuming· 

that there are N stages in the treatment system with J 

alternative treatment processes at any stage i available 

for selection, and Zij be a decision va::iable whose value 

is 1 if alternative j is chosen at stage i and is 0 

otherwise, then the mathematical 

. ( 22) 
generalized in the followlng form : 

N J 

Minimize Tc = L L Zij Cij 
i=l j=l 

subject to 

J 

:0:~.ulation can 

Xi +1 = ~ zij fij (X i) i i = l,2, .•. ,N 
j=l 

J 
Si = 2 

j=l 

L 
XL+l = ~ 

i=l 

Xl = Xo + 

J 
.L zij = 1 

j=l 

Zij g i j (X i ) i i = l,2, ... ,N 

Si 

N 

:2 Si 
i=L+1 

i i = l,2, ... ,N 

be 

Z i j = 1 or 0 i i = l,2, ... ,N & j = l,2, ... ,J 
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where 

Tc = total costs 

L = number of stages which belor.g to the liquid 
treatment (there is a stream of L stages for 
liquid treatment and another of (N-L) stages 
for sludge treatment while ~he sidestreams 
from sludge treatment are returned to head of 
the plant) 

Xi = influent quality to stage i 

Xi+l = effluent quality from stage i (or influent 
quality to stage i+l) 

Si = quality of sidestream from stage i (to sludge 
treatment stream) 

= performance function describing how Xi is 
changed to Xi+l at stage i if alternative j 1s 
chosen 

gij = performance function descriting how Xi is 
changed to Si at stage i if alternative j is 
chosen 

= cost incurred by choosing alternative j at 
stage i (Cij is a function of Xi and Xi+l) 

Xo = incoming wastewater quality to the plant 
(given) 

The first two constraints express the stage-wise 

transformation of influent waste flows and the generation 

of sidestreams. The third constraint expresses the 

influent to the sludge treatment stream as the sum of the 

sludge sidestreams generated in the liquid treatment 

stream. The fourth constraint closes the loop by adding 

the sludge treatment sidestreams to the plant influent. 

The last two constraints model that only one alternative is 

chosen at each stage. Constraints on et:luent discharges 

are not shown in the above but should be included in an 
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actual model so that the effluent standard is regarded as a 

fixed design parameter rather than a variable. A computer 

( 10) package called "EXECUTIVE" developed by U.S.E.P.A. was 

used by Rossman to solve the non-linear integer programming 

model and the optimal stream of treatment alternatives was 

found. Such an approach overcomes the limitation that the 

system structure (ie. choice of treatment processes) be 

prefixed as it operates on a discrete set of candidate 

treatment alternatives. 

3.4 The Proposed Model 

An extensive survey on the development of treatment 

system optimization models has been made. A summary of it 

is shown on Fig. 3.4 (see next page). It can be seen that 

the accuracy and the degree of sophistication of the models 

increases wi th time as the theory of treatment and the 

mathematical tools for system analysiS progress in the past 

twenty-s ix years. It is the opinion of the author that 

researchers who attempt to improve significantly the latest 

eXisting models based on the same techniques will most 

likely only waste their efforts in view of the already well 

developed state of the art. A break-through can be made 

only if a different mathematical technique (system analysis 

other than linear programming, dynamic programming or non-

linear programming) or a different approach, if more 

basically, were applied. 



With treatment 
alternatives Authors Techniguo selection 

Lynn, et.al. 1962 Linear Yes 
programming 

Chia & Krishnan 1969 Dynamic Yes 
programming 

Evenson, et .al. 1969 Dynamic Yes 
programming 

Chia & DeFi 1 ippi 1970 Dynamic Yes 
pr ogr ammi ng 

Middleton & Lawrence 1976 Non-linea: No 
programmi :1g 

CIRIA 1976 Non-linear No 
programming 

Lauria 1977 Lagrangian No 
analysis 

Grady Jr. 1977 Dynamic No 
programming 

Craig, et. a l. 1978 Non-linear No 
programming 

Rossman 1980 Non-linear Yes 
programming 

Narbaitz & Adams 1980 Non-linear Yes 
programming 

Dick 1984 Non-linear Yes 
programming 

Fig. 3.4: Summary of Treatment System Optimization Models 
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A common drawback of the existing models is that none 

of them considers other objectives besides minimizing cost. 

They are excellent models, of course, if cost minimization 

is to be achieved under perfect performance conditions for 

which can they be represented by a full set of mathematical 

relations. However, reality is more than a set of 

mathematical expressions. The questions now are: would it 

be possible to develop a model, though it may be one from a 

completely different approach, which considers other very 

basic factors affecting the optimal selection of treatment 

alternatives? Would it be possible to produce a model 

which includes some investigation into environmental, 

social, cultural etc. factors which are most important 

contributing factors towards successful plant performance? 

Could there be a model for preliminary selection of optimal 

treatment al ternati ves by cons ider ing, bes ides cost, the 

motives, drives, abilities and discipline of the people who 

construct, operate and use the treatment plant? The 

following chapters will describe a model of this kind and 

it is the hope of the author that it represents a break­

through in both the approach and the application of 

treatment system optimization models. 
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PART 2 

DEVELOPMENT OF MODEL 



CHAPTER 4 --- PARAMETERS i DECISION VARIABLES 

4.1 Problem pefinition 

In a similar manner to that employed in existing 

models, there are one set of parameters and one set of 

decis ion var iables in the proposed model. The parameters 

are no longer merely flo .... rates, BOO or KLSS etc. but are 

more general or basic descriptions ot technical, economiC, 

social, environmental and cultural factors affecting the 

appropr iate choice of treatment processes. The decision 

variables, like .... ise, are no longer just retention time or 

percentage of BOO removal etc. but are definite candidate 

treatment alternatives from which the optimum one is to be 

selected. 

In the proposed model, the quantity and quality of 

influent and the effluent standard required .... ill be given; 

the size and location of the site on .... hich the plant is to 

be built will also be given. The problem is to select an 

optimal waste .... ater treatment alternative. 

In the following sections, full sets of parameters and 

decision variables for the model .... ill be discussed. 
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4.2 Parameters 

4.2.1 Identifying and Describing The Parameters 

There are 20 parameters in the model. They are: 

1. Flow 

2. Influent / Effluent 

3. Size of site 

4. Nature of site 

5. Land cost 

6. Local money for construction 

7. Foreign money for construction 

8. Local skill for construction 

9. community support 

10. Power source 

11. Availability of local material 

12. Cost of operation and maintenance 

13. Professional skill available for operation and 
maintenance 

14. Local technical skill available :Jr operation and 
maintenance 

15. Administration set-up 

16. Training 

17. Professional ethics 

18. Climate 

19. Local water-borne diseases 

20. Endemic vector-borne (water-related) diseases 
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Each of the parameter above is associated wi th a set 

of indicators which give detailed explanations on the 

relevance of the parameter. The indicators corresponding 

to each parameters a=e listed below: 

Parameters 

1. Flow 

2. Influent/Effluent 

3. Size 0 f site 

4. Nature of site 

5. Land cost 

Indicators 

a. Maximum design flow 

b. Variation in flow on daily 
basis 

c. Variation in flow on long 
term basis (present and 
future) 

a. Strength of influent 

b. Variation of influent 
strength on daily basis 

c. Variation of influent 
strength on long term 
basis 

d. Effluent standard required 

a. Size of land available 

b. Possibility of future 
extension 

a. Topography 

b. Possibility of flooding 

c. Proximity to sludge 
disposal facilities 

d. Ground water level 

e. Proximity to munici'pality 

a. Cost of land for plant 
construction 
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6. Local money for 
construction 

7. Foreign money for 
construction 

8. Local skill for 
construction 

9. Community support 

10. Power source 

11. Availability of 
local material 

12. Cost of operation 
and maintenance 

a. Cost of construction in 
local c::=rency 

b. Availability of fund 

a. Cost of construction in 
foreign currency 

b. Availability of fund 

a. Availability of local 
sk i 11 

b. Level of local skill 

a. Religior. or tradition 
affecting hygiene 
practices and technology 
choice 

b. Willingness and enthusiasm 
of community / politician 
to improve the existing 
wastewat~r treatment 
facili ti~s 

c. Educational level of the 
general ~ublic and their 
attitude towards public 
health 

a. Availability of power 
source 

b. ReliabiL:y of power 
source 

a. Availability of local 
material3nd,components 
for plan~ operation and 
maintenance 

b. Ease of cbtaining the 
components 

a. Continuir.; availability of 
operation and maintenance 
fund 
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13. Professional skill a. 
available for 
operation and 
maintenance 

Availability of 
professional skill to 
operate .... orks 

14. Local technical 
sk 111 ava ilable 
for operation and 
maintenance 

15. Administration 
set-up 

16. Training 

17. Professional 
ethics 

18. Climate 

b. Level of professional 
sk~ll to operate works 

a. Availability of local 
technical skill to operate 
works 

b. Level of technical skill 
to operate .... orks 

a. Abil1 ty of local 
administration set-up to 
adequately support the 
work's operation 

a. Likelihood of upgrading or 
at least maintaining 
present professional skill 
level 

b. Level of training at 
present for professionals 

c. Likelihood of upgrading or 
at least maintaining 
present technical skill 
level 

d. Level of training at 
present for technicians 

a. Commitment to the job of 
professionals 

b. Commitment to the job of 
technical staff and 
supporting staff 

a. Average monthly maximum 
temperatures and average 
monthly minimum 
temperatures in a year 

b. Intensity and amount of 
rainfall 

51 



19. Local water-
borne diseases 

20. Endemic vector­
borne (water­
related) diseases 

c. Length of dry season 

d. Intensity and duration of 
sunshine 

a. Infectious hepatitis 

b. Diarrhoeal diseases 

c. Cholera, typhoid 

d. Amoebic dysentery 

e. Human round worm and hook 
worm, fish-borne parasites 
(Clonorchiasis), Schistoso 
miasis (Bilharzia) 

a. Yellow fever 

b. Malar ia 

c. Filariasis 

The above 20 parameters will be the basis for the 

selection of the most appropriate treatment alternative. 

The select ion process will ut ilize a recently deve loped 

operations research technique named eigenvector 

prlorltlzatlon which will be explained in the next chapter 

(Chapter 5). The most appropriate alternative is to be 

selected from a set of decision variables which are 

definite candidate treatment processes and will be 

described in SectIon 4.3. 

4.2.2 Significance of The 20 Parameters 

The parameters were selected based on ( 1 ) the 

experience of the author, (2) the ideas gained from reading 
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References 1 to 9 of this chapter and (3) the advice of the 

author's research supervisor. The 20 parameters were 

obtained from a synthesis of the three. 

Parameters 1 to 4 are technical factors. The design 

flow (Parameter 1) affects significantly the choice of 

treatment methods. For example, a large flow (e.g. 100,000 

m3/day) may not be suitable for treatment by small/package 

plants or stabilization 

flow (e .g. 100 m3/day) 

ponds. On the contrary, a small 

is not suitable to be treated by 

activated sludge deep shaft process. Variation in flow or 

shock flows can be accepted by certa in treatment methods 

but vulnerable to others; the monsoon climate in some 

tropical situations can lead to shock flows if the combined 

sewerage system is used or if the separate sewerage system 

is poorly constructed (leakage). Treatment efficiency 
.t; 

(Parameter 2) is an importan~ consideration too. Primary 

treatment, for instance, will not be able to satisfy the 

requirement if a high standard of treatment is required. 

Variation in strength of influent or shock loads can be 

more adaptable by some treatment methods but less by the 

others. This is particularly significant when the influent 

is a mixture of industrial and municipal .dstewaters. Size 

of site (Parameter 3) is, without question, another very 

basic and essential technical consideration, as some 

treatment alternatives (e.g. stabilization ponds and land 

applications) cannot be applied in small sites. Nature of 

the site (Parameter 4) where the treatment plant is to be 
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built is also a technical factor. For example, a site with 

high ground .... ater table is not suitable for constructing 

ponds or applying infiltration (land treatment), nor these -
alternatives are suitable to be adopted to build on sites 

~ 

.... hich are not isolate \'enough. Whether the site is near to 

sludge disposal sites also affects the choice, for certain 

treatment alternatives (e.g. ponds) do not require regular 

sludge disposal and hence are more advantageous than other 

methods in that respect. 

Parameters 5 to 7 are economic factors concerned with 

capital cost. Land cost (Parameter 5) is cons idered 

separately from construction costs (Parameters 6 and 7) 

because it may represent a significant part of the capital 

cost and so merits an individual consideration. If the 

land cost is high, those treatment methods requiring large 

land area (e. g. ponds and land treatment) are less 

suitable. High purity oxygen activated sludge or deep 

shaft plants which require much less land area are probably 

more appropriate in situations where land cost is extremely 

high. Local money for construction (Parameter 6) in 

general refers to the cost of civil engineering works 

incurred in local currency and that of equipment supplied 

locally to bu Bd the plant. Foreign money (Parameter 7) 

for purchasing imported equipment may form an important 

component of the construction costs for certain more 

sophisticated treatment alternatives. It is considered 

separately from the construction cost incurred In local 
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money because this parameter may be crucial for situations 

in which there is a lack of foreign currency or stringent 

control of foreign exchange. 

Local skill for construction (Parameter 8) is a 

subjective factor because skill is something difficult to 

quantify. The complexity of the construction techniques 

required for building a wastewater treatment plant must be 

compatible with the level of the local skill available for 

the construct ion. This factor is important in order to 

avoid later troubles aris~ from bad construction (e. 9 • 

leakage etc.) when the plant is in operation. 

Communi ty support (Parameter 9) is a social factor. 

It is concerned with the attitude of the users of the 

treatment facilities, which, in some cases, is decisive for 

their successful operation. Whether or not the politicians 

are enthusiastic enough to improve such "less visible" 

infrastructure in the country? Whether or not the general 

public are willing to accept the facilities and to pay the 

price for living in a better environment in order that the 

recurrent expenditure for the latter can be covered? Are 

there any religious inhibitions and/or traditions which do 

not favour the choice of certain technology? These are 

factors which, though indirectly related to the problem, 

should be considered. 

Parameters 10 to 14 are factors related to operation 
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and maintenance. The availability and reliability of power 

supply (Parameter 10) to the treatment plant are most basic 

to certain more advanced treatment techniques and are 

therefore 

criteria. 

components 

built in 

of paramount importance as the selection 

The availability of local material and 

(Parameter 11) is essent ial for plants to be 

remote sites, particularly in developing 

countries. The availability 

(e.g. pipes, cement etc.) for 

ability to make locally the 

of construction materials 

plant maintenance and the 

mechanical parts of the 

machinery used in the plant, or if not, the ease and speed 

of reordering them from places of origin or otherwise, can 

be significant in the smooth operation of a treatment 

plant. Operation and maintenance costs (Parameter 12) 

differ for different treatment alternatives. The more 

sophisticated treatment alternatives (e.g. high-purity 

oxygen plant) require 

costs than that of 

much higher 

the less 

operation / maintenance 

advanced ones (e.g. 

stabi lizati on ponds), and therefore the former should be 

avoided when the funds are Umi ted. It is not unusual 

that adequate funds are available for plant construction 

but not sufficiently for operation and maintenance (a 

one-time commitment is always easier than a long-term one). 

It is not uncommon that treatment plants do not work as 

planned, or do not function at all, largely due to the lack 

of continuing availability of operation and maintenance 

funds. There is a serious danger of placing too much 

emphasis on construction but neglecting maintenance of the 
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works already built. Th i s parameter, th~~e fore, should be 

one of the most important considerations :~ the appropriate 

technology selection. Professional anc technical skill 

available for operation and maintenance (?arameters 13 and 

14) are again subjective factors. 

cons idered because the leve 1 of 

These Pdrameters must be 

the treatment technology 

chosen must be, similar to Parameter 8, c:~patible with the 

level of the skill of the professionals a~d the technicians 

who will look after the treatment plan:. The two (ie. 

professional and technical) are cons :·:ered separately 

because experience reveals that there are cases where good 

professionals do not always have gooc local technical 

supports and vice versa. 

The ability of the local admir>:stration set-up 

(Parameter 15) which looks after the ;lanning and the 

implementation (ie. design, construction and running) of 

the treatment plant is another factor that should not be 

ignored. Whether or not there is a good liaison between 

those respons i ble for planning and for i=plementa t i on for 

situations where these two functions are ~ot discharged by 

the same body is a quest ion of some impc:tance. For the 

administration set-up which implements, · .. hether or not 

those who design and construct 

the problems usually faced 

are suf f i: ient ly aware 

by those ~ho support 

of 

the 

operation and maintenance is again a vita: question. (The 

effectiveness of the operation and maintenance arrangements 

is usually a more significant test 0: administrative 
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capabi li ty and poor maintenance performance is often the 

first signal that the administration set-u~ is inadequate). 

There are a number of additional questions that need to be 

cons idered too. Whether or not '::here are too many 

independent organizational set-ups with confused division 

of responsibility and authority over the implementation of 

the works? Whether or not those who are responsible for 

the supply of po~~able water and those for the treatment of ~ 

wastewaters (the whole water cycle) are grouped under one 

administration? 

legislation on 

Whether or not 

water quali ty 

there is a practicable 

control wi th adequate 

enforcement of the legislation so that t~! design influent 

qual i ty to the treatment plant wi 11 not be hampered by 

illegal industrial wastewater discharges? The answers to 

these questions will reflect whether or not the ability of 

the administration set-up will adequately support the 

work's operation. Obviously, 

technology of treatment is, 

the more sophisticated the 

the more effective the 

administration set-up will need to be. 

Parameters 16 and 17 are socio-cultural factors. They 

are, of course, at present largely subjective factors. 

Training (Parameter 16) has only an indirect effect on 

successful plant operation but it has great long-term 

significance. Good plant operation must be supported by 

well trained staff. The education / training provided in 

the situation under consideration must be able to 

maintain / upgrade the professional/technical sk i 11. 
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The fact that good training will ensure a continuing 

supply of good professionals and technicians for continual 

successful plant operation and also technology upgrading / 

improvement in the future is something which should not be 

neglected, particularly in a situation where the quality of 

training is declining. Professional ethics (Parameter 17) 

is a very sensitive parameter but is, indeed, very 

important in selectlng appropriate treatment technology. 

Are the operating staff committed to their job? Do they 

incline to avoid responsibilities? Is it usual to find 

them tak ing unnecessar lly long breaks for dr i nk ing coffee 

or doing irrelevant things during their v:rking hours? On 

the other hand, is corrupti on a ser i ous problem in the 

situation under consideration? Will the cost for 

purchasing foreign eqUipment, for instance, become 

unreasonably high or will the supply of materials be 

unnecessarily delayed as a result of corrupted 

administration? This parameter is therefore again a factor 

of paramount importance in the selection of appropriate 

treatment alternatives. It has been said that a less 

knowledgeable person with good ethics is no worse than a 

more knowledgeable one but without. 

agrees with this view. 

Parameters 18 to 20 are 

The author completely 

envi ronmental factors. 

Climate (Parameter 18) is an important cons ideration as 

certain treatment alternatives are only suitable in hot or 

dry climates. The prevalence of certain water-borne 
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diseases (Parameter 19) and/or vector-borne (water-related) 

diseases (Parameter 20) descr ibes the general sanitary / 

health conditions of a given situation and so by 

considering these two parameters some treatment 

alternatives should be avoided and some be encouraged. For 

example, if cholera or typhoid (diseases due to bacteria) 

are causing health hazard in a particular situation, then 

perhaps percolating filtration should be preferred rather 

than activated sludge process (see page 15) in order that a 

bacteria can be removed. But if higher percentage of 
....... 

infectious hepititis or dIarrhoea (diseases due to viruses) 

are the hazard causers, then activated sludge process would 

be preferred to percolating filtration (see page 20) in 

order to remove viruses more effectively. However, 

treatment by stabilization ponds will be more effective for 

both bacteria and viruses removal than either percolating 

filtration or activated sludge process. In general, 

diseases described in Parameter 19 are transmitted mainly 

by contacting with waters, whereas those described in 

Parameter 20 are transmitted mainly by vectors. The former 

is significant if the effluent from the selected treatment 

process is likely to be in contact .... ith people either 

directly or indirectly; the latter is significant if the 

treatment process is located near to .... here people live so 

the diseases .... ill be easily transmitted to people by 

vectors. This may be a vital factor in deciding for or 

against the use of stabllization ponds. 
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The above is an initial discussion of the significance 

of the t .... enty parameters to the selection of appropriate 

.... aste .... ater treatment technology for a given situation. 

Further discussions on these parameters .... ill be found in 

Section 6.3 of Chapter 6. 

4.3 Decision Variables 

The decision variables, as mentioned before, are sets 

of treatment al ternat i ves. Altogether, 46 decision 

variables have been formulated. Where not other .... ise 

stated, all of them are assumed to ha":e included prior 

preliminary treatment and they are: 

A. Stabilization Ponds 

1. Facultative pond 

2. Anaerobic pond + Facultative pond 

3. Facultative pond + Maturation pond 

4. Anaerobic pond + Facultative pond + Maturation 
pond 

B. Aerated Lagoons 

5. Fully-suspended aerated lagoon + Secondary 
settlement 

6. Septic tank + Fully-suspended aerated lagoon + 
Secondary settlement 

7. Anaerobic pond + Fully-suspended aerated lagoon + 
Secondary settlement 

8. Fully-suspended aerated lagoon + Partially­
suspended aerated lagoon 
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9. Septic tank + Fully-suspended aerated lagoon + 
Partially-suspended aerated lagoon 

10. Anaerobic pond + Fully-suspended aerated lagoon +. 
Partially-suspended aerated lagoon 

11. Partially-suspended aerated lagoon 

12. Septic tank + Partially suspended aerated lagoon 

13. Anaerobic pond + Partially-suspended aerated 
lagoon 

C. Blofiltration (humus tanks/final clarifier included) 

14. Primary clarifier + Simple percolating filtration 

15. Septic tank + Simple percolating filtration 

16. Primary clarifier + Simple percolating filtration 
+ Tertiary treatment 

17. Primary Clarifier + Percolating filtration with 
recirculation 

18. Septic tank + Percolating filtration with 
recirculation 

19. Primary clarifier + Percolating filtration with 
recirculation + Tertiary treatment 

20. Primary clarifier + Alternating double filtration 

21. Primary clarifier + Alternating double filtration 
+ Tertiary treatment 

22. Primary clarifier + High-rate filtration + 
Low-rate filtration 

D. Activated Sludge Processes (final clarifier included) 

23. Primary clarifier + Conventional activated sludge 
process 

24. SeptiC tank + Conventional activated sludge 
process 

25. Primary clarifier + Conventional activated sludge 
process + Tertiary treatment 

26. Deep shaft 
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27. Deep shaft ~ Nitrifying filter 

28. Primary clarifier + High-purity oxygen activated 
sludge process 

29. Primary clarifier + High-purity oxygen activated 
sludge process + Tertiary treatme"nt 

E. Primary Settlement 

30. Primary clarification 

31. Anaerobic pond 

32. Septic tank 

F. Land Application 

33. Primary clarifier ~ Land applica~ion 

34. Septic tank + Land application 

35. Anaerobic pond + Land application 

36. Land Application 

G. Small Plants (final clarifier included unless otherwise 
stated) 

37. Primary clarifier + Rotating biological contactor 

38. Septic tank + Rotating biological contactor 

39. Primary clarifier + Rotating biological contactor 
~ Tertiary treatment 

40. Oxidation ditch without final clarifier 

41. Oxidation ditch 

42. Oxidation ditch + Tertiary treatment 

H. Package Activated Sludge Plants 

43. Package activated sludge plant 

44. Package activated sludge plant ~ Tertiary 
treatment 
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45. Package high-purity oxygen plant 

46. Package high-purity oxygen plant + Tertiary 
treatment 

4.4 Hie;archical st;uctu;e of pecision Va;iables 

The hierarchy of the decision variables has, in fact, 

already been partly reflected in the above listings. A 

diagram (Fig. 4.1) is drawn to show the hierarchical 

structure: 

Best 
Alternative 

I I I I 
A B C 0 E F G H 

I n n n I I n I 
a b C d e f g h i j k 1 

I I I I I I I I I 
1 5 8 14 17 23 26 30 33 37 40 43 
2 6 9 15 18 24 27 31 34 38 41 44 
3 7 10 16 19 25 28 32 35 39 42 45 
4 11 20 29 36 46 

12 21 
13 22 

Fig. 4.1: Hierarchical Structure of Decision Variables 

The category of A to H has been classified as shown in 

Section 4.3. The category of a to 1 is a further 

subdivision of the previous category. They are: 
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a. Stabilization ponds 

b. Fully-aerated lagoons + Secondary settlement 

c. Fully/Partially aerated lagoons 

d. Simple percolating filtration 

e. Modified percolating filtration 

f. Conventional activated sludge process 

g. Deep-shaft/High-purity oxygen processes 

h. Primary settlement 

i. Land application 

j. Rotating biological contactors 

k. Oxidation ditches 

1. Package activated sludge plants 

The last category, 1 to 46, consists of all the 

individual treatment alternatives which have been shown 1n 

Section 4.3. 

In the optimization process, one can either select the 

most appropriate treatment alternative from the category of 

A, B, ..... , H, or from the category of a, b, •.... , 1, or 

from the category of 1, 2, ..... , 46. Examples will be 

given in Part III of this thesis. 

Further discussions on the deciSion variables (or 

treatment alternatives) will be found in Section 6.5 of 

Chapter 6. 
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CHAPTER 5 --- MATHEMATICAL TOOL FOR THE MODEL 

5.1 Theoretical Background 

The operations research technique used in the proposed 

model is called, as already mentioned in Chapter 4, 

eigenvector priorltization (or analytic hierarchy process). 

This technique was invented by T.L. Saaty(4,S) about ten 

years ago and the theory was then further developed by his 

student L.G. vargas(ll) in some later years. As the 

technique is only recently developed and is applied here 

for the first time in civil/environmental engineering, it 

is worthwhile to give a very brief description of what the 

technique is before going on with discussing the 

application of it in the model. 

5.1.1 Similarity Transformation 

In matrix similarity transformation(lO,13), any n x n 

square matrix A can be transformed, by applying O-lAO 

(where 0 is an appropriate matrix(l2,l4) related to A), to 

either: 

a) a n x n diagonal matr ix A 1£ matrix A has n linear 

independent eigenvectors where: 

1\ = o 

o 
~" 

(Xl 'X2' ... , Xn are the eigenvalues of matrix A) 
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or 

b) a n x n Jordan matrix J (a nearly diagonal one) if 

matrix A is defective(l3) and has less than n linear 

independent eigenvectors where: 

J = 

Since similarity transformation does nJt alter the 

rank(l), R(A), of the matrix A, therefore, the rank of A is 

e q ua I tot ha t 0 f A and J, i e. R ( A) = R (A) or R ( A) = R ( J ) . 

By applying the rule(l) in finding the rank of matrices A 

or J, and hence R(A), the following theorem can be deduced: 

if A is any n x n square matrix and R(A) = r for r ~ n, 

then A has r non-zero eigenvalues. 

5.1.2. Pairwise Comparison Matrix 

In assessing the relative weighting of n alternatives, 

pairwise comparisons are used which mean that any 

particular alternative is not compared to all others 

simultaneously but rather one at a time. If the results of 

each and every pairwise comparisons on the relative 

weighting of the alternatives are known, the priority of 

the alternatives can be found by evaluating the priority 

vector of a matrix whose elements are the pairwise 

comparisons of the weightings. Suppose a set of n 

alternatives are to be compared in pairs and the 

alternatives are denoted by Altl, Alt2, ••••• I Altn and 
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their individual weighting (assumed k:::,'o'll) by xl' x2' 

..... , Xn respectively, then the pair\iise comparisons may 

be represented by a n X n square matrix A as follows: 

1 

The above is a positive reciprocal matrix, satisfying 

the conditions that all the elements are ~ositive and that 

aij = l/aji where aij and aji are the ele=.ents of mafrix A. 

If a column vector X such that the elements of X are Xl' 

x2' .... , xn (ie. the individual \ieightings of Altl' Alt2' 

..... , Altn ) is introduced, then 

AX = nX 

and therefore n is, by definition, an eigenvalue of matrix 

A and the column vector X an eigenvector corresponding to 

the eigenvalue n. The rank of matrix A, ~(A), is equal to 

1 as the matrix has all rows equal to ~ach other after 

applying elementary operations (1) to it. By the theorem 

ment ioned at the end of Sect i on 5.1. 1, i': can be deduced 

that matrix A has only one non-zero eige:walue, and this 

eigenvalue is equal to n. This point is confirmed by the 

fact that the trace of matrix A is equa: to n, that is, 

Tr(A) = n As matriX A is a positive matrix and by the 
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. (2 9) 
Perron-Frobenlus Theorem ' , it is als: known that n is 

the maximum eigenvalue of A and that there exists an 

eigenvector, X (the same X), which has pcsitive components 

and is the solution eigenvector ofAX = AI for taking l\= n. 

5.1.3 Inconsistency in Reality 

The theories contained in Section 5.1.2 are based on 

the assumption that all entries of the pcsitive reciprocal 

matrix A are consistent which means that (aij)(ajk) = aikt 

Such perfe~: consistency is 

possible only if we can construct matrix A based on the 

weightings of individual alternatives (i~. xl, x2, ..... , 
x n ). However, in the application of the technique, this 

will not be the case, that is, one can only construct 

matrix A first and then find out the values of xl, x2, 

..... , This will create inconsistency in the 

reciprocal matrix. The following will explain why it is 

so. 

Just take a simple example of comparing three 

alternatives. If the relative weighting of Alt1 and Alt2 

is estimated to be 3 and that of Alt2 and Alt3 to be 2, it 

is not necessarily true that, in reali:y, the relative 

weighting of Altl and Alt3 will be 6 (ie. consistent case). 

Take an analogy of three football teams: if team 1 beats 

team 2 by 3: 1 and team 2 beats team 3 by 2: 1, it is not 

necessarily the case that team 1 will beat team 3 by 6:1, 
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and if not, inconsistency occurs. 

When inconsistency occurs, the prob:~m AX = nX becomes 

one of A I X I = '\maxX I • For the positive reciprocal matrix 

A', '\max will not be exactly equal to n and all other 

eigenvalues will not be equal to zero. But from the 

Perron-Frobeni us theorem, it is known that matr ix A I has a 

real positive eigenvalue with multiplicity of one which is 

equal to Amax, whose corresponding eige::vector (or called 

pr ior i ty vector) has pos i t i ve components. This priority 

vector is not unique and its solutions differ by a 

. (14) 
multiplIcative constant . It is then:ore desirable to 

have it normalized so that its components sum up to unity 

and when it is normalized it is unique. 

It has been proved by saaty( 8 ) that '\max is clo.ser to 

n when matr ix A I is closer to cons is':ency (ie. A I is 

consistent if and only if Amax = n) and ,\~x > n always if 

A' is inconsistent. The larger the AJlClx is, the more 

inconsistent the matrix A' will be. 

5.2 An Illust;ative Example 

An example given by Saaty (8) is reproduced below to 

illustrate how this mathematical technique is applied. 

Selecting a plan for vacation out of Philadelphia: 

With a view to spending a .week on vacation, four 
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places were evaluated in terms of the following criteria: 

Fl: Cost of the trip from Philadelphia 

F2: Sight-seeing opportunities 

F3: Entertainment 

F4: Mode of travel 

FS: Eating places 

The places considered were: 

S: Short trips (ie. New York, Washington D.C. etc.) 

Q: Queoec 

D: Denver 

C: California 

The comparison matrix of the criteria with respect to 

overall satisfaction with a vacation plan is given by: 

Fl F2 F3 F4 FS 

Fl 1 1/5 liS 1 1/3 

F2 S 1 liS liS 1 

F3 S S 1 liS 1 

F4 1 S S 1 S 

FS 3 1 1 liS 1 

The priority vector of the above positive reciprocal 

matrix, Xb, after normalized, is given by: 

0.09 
0.13 

Xb = 0.23 
0.43 
0.13 

The compar ison matr ices of vacation sites with respect to 

the criteria are: 
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For F1: Cost 

S 0 D C Amax = 4.21 > n = 4 

S 1 3 7 9 

0 1/3 1 6 7 Normalized 

[""J 
priority = Xl = 0.30 

D 1/7 1/6 1 3 vector 0.08 
0.04 

C 1/9 1/7 1/3 1 

For F2: Sight-seeing 

S 0 D C Amax = 4.34 > n = 4 

S 1 1/5 1/6 1/4 

0 5 1 2 4 Norma 1i z!!d [0.06] priority = X2 = 0.45 
D 6 1/2 1 6 vector 0.38 

0.12 
C 4 1/4 1/6 1 

For F3: Entertainment 

S 0 D C "max = 4.06 > n = 4 

S 1 7 7 1/2 

0 1/7 1 1 1/7 Normalized [0,''] priority = X3 = 0.06 
0 1/7 1 1 1/7 vector 0.06 

0.52 
C 2 7 7 1 

For F4: Node of travel 

S 0 D C Amax = 5.38 > n = 4 

S 1 4 1/4 1/3 

0 1/4 1 1/2 3 Normalized [0.21 J priority = X4 = 0.19 
D 4 2 1 3 vector 0.41 

0.19 
C 3 1/3 1/3 1 
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For FS: Eating 

s 

Q 

o 

C 

s Q o 

1 1 7 

116 

117 1/6 1 

1/4 1/3 4 

C 

4 

3 

1/4 

1 

Amax = 4.08 > n = 4 

Normalized 
priority 
vector 

= Xs = O. 38 [0'43~ 0.05 
0.14 

I f a 4xS composi te matr ix, C, is constructed by us ing the 

normalized priority vectors of Xl, X2' X3, X4 and Xs as 

columns given by: 

[ •• SO 
0.06 0.36 0.21 

'.4J J C = 0.30 0.45 0.06 0.19 0.38 
0.08 0.38 0.06 0.41 0.05 
0.04 0.12 0.52 0.19 0.14 

then, the resultant (overall) priority vector for the 

vacation sites will be the result of C x Xb and ls equal to 

[

0.29] 0.23 
0.25 
0.24 

Therefore, the ranking of the four places obtained ls: 

S = 0.29 
Q = 0.23 
o = 0.25 
C = 0.24 

and this shows that the four are almost equally preferred, 

with short-trips (ie. S) having a slight edge over the 

others. 

In the proposed model of this research work, the 

parameters (see Chapter 4) are equivalent to the criteria 

ln the example (ie. Fl' F2, F3, F4 and FS) and the decision 
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variables are equivalent to the vacation sites (ie. S, 0, 0 

and C). In the model, the decision '/ariables ..,ill be 

ranked through the evaluation of the 20 parameters so that 

a resultant priority vector (or final ranking) for the 

decision variables ..,ill be obtained. This ..,ill be further 

discussed in detail in Chapter 6. 

5.3 Suitability of The Mathematical Tool for The Model 

5.3.1 Size of Problem 

The objective of the proposed model is to prioritize a 

set of decis i on var iables (or treatment al ternat i ves) so 

that the best one can be selected by obtaining the ranking 

from the resultant priority vector. Since there are many 

parameters and treatment alternatives to be conSidered, it 

is extremely difficult, if not impOSSible, for a human 

brain to compare the treatment alternatives simultaneously 

and prioritize them through the conSideration of all the 20 

parameters ..,i thout us ing techniques of system analys is. 

The mathematical technique just described provides one ..,ith 

a systematic procedure that facilitates comparisons and 

that not only is in harmony ..,ith but also supplements the 

insufficiency of intuition and human feelings over large 

problems . 



5.3.2 Intangible Factors 

Unlike the mathematical techniques used by existing 

models as described in Chapter 3, the proposed model, while 

applying this particular technique, enables one to consider 

intangible parameters (such as parameters 8, 9, 13, 14, 15, 

16 and 17 identified in Chapter 4) which are believed to be 

most important in optimal treatment alternatives selection. 

This represents a break-through in the approach of the 

current techniques as all the existing treatment selection 

optimization models, using other mathematical tools, do not 

easily enable one to include such intangible factors in the 

selection process. 

5.3.3 Inconsistency in Real Application 

As seen in the example and the analogy given in 

Section 5.1. 3, one must prepare to accept the fact that 

i ncons istency wi 11 occur in the parameter matr i x and the 

decision variables matrices if they are to be constructed 

in a way so as to be closer to reality. (Parameter matrix 

and decision variable matrices are to be discussed in 

detail in Chapter 6). For example, if parameter 4, say, is 

three times more important than parameter 6 and parameter 6 

is twice as important as parameter 11, it is not necessary 

that parameter 4 be six times more important than parameter 

11. The importance of parameter 4 over parameter 11 is 

only four instead of six (see Fig. 6.3 of Chapter 6). As a 
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matter of fact, improving consistency does not always mean 

getting an answer closer to reality(5,s), and on the 

contrary, the reverse is true in some cases. I n the 

application of the proposed model, inconsistency in the 

reciprocal matrices constructed should be allowed for if a 

more realistic result is desired. 

One extraordinary feature of the proposed model is 

that, while applying the priority vector approach, it does 

not reject inconsistent input data but allows them to be 

taken in. However, one cannot allow the input matrices to 

be too inconsistent if the theory discussed in Section 5.1 

is to be applicable. Hence, some form of mathematical 

technique must be used to test for consistency. L .G. 

Vargas, following T.L. Saaty, published a paper in 1982(11) 

in which he illustrated that if the inconsistency of a 

positive reciprocal matrix is 10% or less, it can be 

accepted that the result of the priority vector is 

reliable. The inconsistency of the reciprocal matrix can 

be measured by a consistency index')4' which is defined as 

(Amax-n / n-1). Such consistency testing will be further 

discussed and illustrated in Section 6.3 of Chapter 6. 

In 1979, after Saaty but prior to Vargas, Johnson, 

Beine and Wang jointly published an article(7) questioning 

the reliability of the eigenvector prioritization 

technique. They observed that disagreed results between a 

right eigenvector (ie. AX = AmaxX) and a left eigenvector 
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(ie. XTA = Amax XT ) could sometimes be obtained by using 

the technique and they believed that there was no reason 

for a right eigenvector to yield a better solution than the 

left. This observation was interesting and such 

disagreement between the le ft and right e i genvectors is 

st ill not fully understood and is yet to be expla i ned. 

However, the Johnson-Beine-Wang observation was based on 

random positive reciprocal matrices of a relatively high 

inconsistency. Vargas, three years later in 1982, as 

mentioned in the previous paragraph, proved that the result 

of the right priority vector be reliable if the 

inconsistency of the reciprocal matr ix is 10% or less. 

Therefore, the data matrices for entering into the proposed 

model must be consistent enough to yield a reliab1e result. 

The model will automatically test every pairwise comparison 

matrix entered and will instruct the user to adjust it if a 

consistency higher than 10\ is detected. 

5.3.4 Measure of Differences in Priorities 

The eigenvector prioritization technique can provide 

one with the knowledge from the resultant priority vector 

of how much one alternative is better than the others in 

exact scores. This has already been illustrated by the 

resultant priority vector in the example given in Section 

5.2. Intuition and human feeling can never give such exact 

value of differences unless they are helped by systematic 

procedures, as what are being used in the proposed model. 
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5.4 Evaluation of Priority vector 

I n the above discuss ions, it has been seen tha t >-max 

is the most important root of the characteristic polynomial 

(3 13) equation' of a pairwise comparison reciprocal matrix. 

It is the only eigenvalue that is required in the 

computation of the priority vector. The Power Hethod(3,6), 

a method for finding the largest eigenvalue ot a matrix, is 

used in the proposed model for evaluating >-max, and hence 

the pr i or i ty vector. As this method requires performing 

iterations, a computer sub-routine (see sub-routine 1.1 of 

Appendices B.1.2 and B.1.3) is written for finding >-max 

such that the loop will stop when the eigenvalues computed 

in the last two iterations differ by less than 0.1\. The 

computer program will store in a separate memory the result 

of the priority vector corresponding to the >-max calculated 

by the above sub-routine. 

NOw, the theoretical background for developing the 

proposed model has been discussed. I n the next chapter, 

the details of the model will be described. 
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CHAPTER 6 --- THE MODEL 

6.1 Hierarchy of Objectives and Alternatiyes 

Consider a hierarchy of three levels (5) shown in 

Fig. 6.1: 

Level 1 

Level 2 

Leve 1 3 

Principal Objective 
(Optimal Treatment 
Alternative) 

Subordinate Objectives 
(Parameters) 

Alternatives (Decision 
Variables) 

Fig. 6.1: Hierarchy of Principal Objective, 
Immediate Objective and Alternatives 

As shown in Fig. 6.1, the first level has a single 

principal objective. The second level has m subordinate 

objectives (ie. the parameters in this model) and their 

priorities are derived from reciprocal matrix of pairwise 

comparisons with reference to the principal objective of 

the first level. The third level has n alternatives (ie. 

decision variables) which are to be prioritized. One has 

to determine how can the decision variables in Level 3 be 

ranked to meet the principal objective in Level 1 through 

the consideration of the m parameters given in Level 2 (m = 
20 in this case). The priority vector for the decision 

var iables with respect to each parameter can be obta ined 
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from a pairwise comparisons matrix with reference to that 

single parameter as objective. Thus, m resultant priority 

vectors of Level 3 are obtained after considering all the 

parameters and then they are weighed by the priority vector 

of the second level to obtain a resultant priority vector 

(ie. overall ranking) of the decision variables. The 

procedures are described as follows: 

step 1: Construct a parameter matrix (ca·lled matrix B) of 

dimension m x m with pairwise comparisons of the parameters 

with respect to the principal objective as the elements of 

B. Then find the priority vector of matrix B and denote it 

step 2: If there are n decision variables (ie. treatment 

alternatives) to be ranked, a total of m reciprocal 

ma t r ice s Ai (i = 1 , 2, ... ,m) 0 f s i zen x n are to be for me d , 

each of which consists of elements of pairwise comparisons 

of the n decision variables with respect to a single 

parameter as objective, that is: 

Al = 

I 
2 

n 

1 2 .....• n 

using parameter I as objective 
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Am = 

Step 3: 

1 
2 

n 

1 
2 

n 

1 2 ...... n 

using parameter 2 as objective 

1 2 ...... n 

using parameter m as objective 

If Xi (i = l,2, ... ,m) is the priority vector of 

the corresponding Ai' then a n x m composite matrix C is 

formed by taking Xi as columns in C in sequence such that: 

C = [ Xl, X2, ..... , Xm 

The resultant priority vector, Xc' is the result of the 

multiplication of matrices C and Xb, that is: 

From the result of Xc' the ranking of the decision 

var iables can be obtained. The optimal treatment 

alternative can be selected from the top of the ranking 

list. 
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Intensity of 
Importance Definition 

1 Equal importance 

J Weak importance 
of on over another 

5 Essential or 
strong importance 

7 Demonstrated 
importance 

9 Absolute 
importance 

2,4,6,8 Intermediate 
values between 
the two adjacent 
jUdgements 

Explanation 

Two activities contribute 
equally to the objective 

Experience and judgement 
slightly favour one 
activity over another 

Experience and judgement 
strongly favour one 
activity over another 

An activity is strongly 
favoured and its 
dominance Is demonstrated 
in practlce 

The evidence of favouring 
one actlvity over another 
is of the highest 
possible order of 
affirmation 

When compromise Is 
needed 

Fig. 6.2: Scales of 1 to 9 for pairwise comparisons 
(a reproduction(S?f figure from Chapter 3 
of Saaty's book I 

6.2 Scale of PallY!" Comparison 

T.L. saaty(51 proposed a scale of values from 1 to 9 

as shown in Fig. 6.2. With the use of such scale values, 

L.G. vargas(7) later further proved that the technique of 

eigenvector prioritization remains valid provided the 

inconSistency of the reciprocal matrix is 10\ or less. The 

warnings given by Johnson C.R. et.al. (see Section 5.3.3 of 

Chapter 5) about the use of the technique can be neglected 

as the examples illustrating difficulties or disagreed 
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results quoted in their paper were in general of reciprocal 

matrices with inconsistency much higher than vargas' 

recommendation. 

It was recommended by Saaty tha~ the number of 

alternatives to be ranked (n) should not be larger than 9 

to maintain a reasonable consistency if the coefficients of 

the matrix were randomly entered(S). Such a recommendation 

was made after he had ~arried out an experiment on randomly 

filled reciprocal matrices. In the expe~iment, he used 50 

random reciprocal matrices for each n (order of matrix) 

tested and the n he used was ranging f~om 2 to 16. In 

other words, he tested 750 (ie. 50xl5) random matrices. It 

was found that the consistency of nearly all the random 

matrices became poor when n exceeds 9. 

In a random matrix, comparisons of alternatives are 

not made logically. For example, if Alternative 1 is 3 • 

times more important than Alternative 2 for a certain 

objective, and Alternative 2 is 3 times more important than 

Alternative 3, then Alternative 1 should be, logically, 9 

times more important than Alternative 3. But in the random 

matrix, it can happen that the coefficie::t of element 1-3 

be 1/9 (ie. Alternative 1 be 9 times less important than 

Alternative 3) while the coeffiCients of elements 1-2 and 

2-3 remain unchanged. This, however, can never happen, at 

least within the context of this research, if the 

comparisons of the alternatives are made in a realistic 
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manner. 

Therefore, it is the author's s~ggestion that a 

reasonably good consistency can still be expected even if n 

is larger than 9 provided the coefficients are not entered 

randomly but are entered ..,i th realistic and logical 

comparisons, although limited inconsiste!lcy ..,ill still be 

expected even though comparisons are realistically and 

logically maJe. Such a suggestion can be proved by 

evaluating the consistency of a matrix ... hose n is larger 

than 9 and the result can then be compared with the Vargas' 

recommendation. 

In the model, the parameter matrix is one of n = 20 -­

much greater than 9! The coefficients, however, are 

carefully, realistically and logically entered, and so its 

consistency is found to be good (see Section 6.3). The 

author's suggestion is hence supported. This parameter 

matrix will be discussed in detail in the next section 

below. 

6.3 The Parameter Matrix 

The parameter matrix is a 20x20 square matrix. Each 

and everyone of the 20 parameters has ~een described in 

detail in Chapter 4. For easy reference, they are 

reproduced be 10.., 

complexity) : 

(indicators 
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Parameters 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

DescrIptIon Ko of IndIcators 

Flow 3 

Influent I Effluent 4 

Size of site 2 

Nature of site 5 

Land cost 1 

Local money for construction 2 

Foreign money for construction 2 

Local skill for construction 2 

Community support 3 

Power source 2 

Availability of local material 2 

cost of operation and maintenance 

Professional skill for operation 
and maintenance 

Local technical skill for 
operation and maintenance 

Administration set-up 

Training 

Professional eth1cs 

Climate 

Local water-borne diseases 

Endemic local 
diseases 

water-related 

1 

3 

2 

1 

4 

2 

4 

5 

3 

Fig. 6.3 shows the coefficients of the parameter 

matrix which are pairwise comparisons on the relative 

importance of the parameters. ~max of the matrix is found 

to be 20.56. The consistency Index ~ (see Section 5.3.3) 
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PARAMETER 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

1 1 Ys ~ 5 2 4 4 4 5 5 ~ 3 5 3 5 5 5 5 3 2 3 3 

2 1 1 4 7 7 7 9 9 3 9 5 9 9 9 9 5 4 5 5 

3 1 4 7 7 7 9 9 3 9 5 9 9 9 9 5 4 5 5 

4 1 3 3 3 4 4 ly, 
4 4 2 4 4 4 4 2 1 2 2 

5 1 1 1 2 2 ly, 
5 2 ~ 2 2 2 2 2 ~ 2 ~3 Y2 ~2 

6 1 ;,; 
2 1 1 ~ 2 ;,; 

2 1 1 1 1 ;,; 
2 ~ ~ ;,; 

2 

7 1 2 2 ~ 5 2 ~ 2 1 1 1 1 ;.-: 
2 ~ 3 ~2 ;..: 

2 

~ ~ ~ ly. ~ ~ 
, 

P 8 1 1 6 1 3 2 1 1 1 3 4 ~ 
A 

~ ~3 ~ ~ ~ ~3 ~ R 9 1 1 1 1 1 3 4 
A 
M 10 1 6 4 6 6 6 6 4 3 4 4 
E 

1,;. 1,;. 1,;. ly, ~ ~ T 11 1 3 2 1 1 1 3 4 3 
E 

ly.: R 12 1 3 3 3 3 1 2 1 1 

13 1 2 1 1 ly. 
2 

ly. 
3 ~ 2 ~ .2 

14 1 1 1 ly.: 
2 ~ 3 ~ ~ 2 

15 1 1 ~2 ~3 ~ ~ 2 

16 1 ~ ;..: 
3 ~2 ~ 

All lower triangular 
ly.: 17 entries = bji 1 2 1 1 

= L 
18 bij 1 2 2 

19 for 1~i<j~20 1 1 

20 1 

Fig. 6.3: The Parameter Matrix (ie. Matrix B) 
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is obtained as follows: 

= 

= 20.56 - 20 
20 - 1 

= 0.030 (ie. 3'1 
===== 

As lJ.s ..,ithin the acceptable limit recommended by ["1t,1) 

vargas(7), it is assumed that the parameter matrix is good 

enough to give a reliable result after integrating with the 

other t..,enty decision var iable matr ices. The integrating 

exercise requires the use of a computer program due to the 

size and the complexity of the problem. A detailed 

description of the computer program ..,ill be given later in 

Section 6.4. 

The pairwise comparisons of the parameter matrix given 

in Fig. 6.3 are made based on the author's knowledge and 

experience, and ..,ill be a built-in feature of the model 

(see Section 6.4 for details). This matrix is a subjective 

and original product of the author. The validity of his 

judgements will be revealed or confirmed from the the final 

results given by the model. 

In the pairwise comparisons of the parameter matrix, 

the author has given a very high ..,eighting to parameter J 

(ie. size of site). In Fig. 6.3, it can be seen that 

elements 3-10 and 3-11, say, are 3 and 9 respectively, 
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which means that parameter 3 has weak importance over 

parameter 10 (see Fig. 6.2) and that it has absolute 

importance over parameter 11. Th is parameter is regarded 

as being of very high importance beca'lse the size of the 

site is an absolute determinant of the appropriate 

alternative which one can select. The reason is simple: 

if a small and confined site in a densely populated area is 

given for building a STP it will be impossible for 

stabilization ponds or land application to be used as 

appropriate alternatives. With the exception of parameter 

2, all the other eighteen parameters are not as absolute a 

determinant as parameter 3, although they are as well very 

important parameters (with, naturally, various degrees of 

importance). Pal:ameter 2 (ie. influent I effluent) is 

also an absolute detel:minant. Since the effluent standard 

has to be met in a given Situation, the tl:eatment 

efficiency of the altel:native selected must be able to 

satisfy the requil:ement. For example, it will be 

impossible fOl: pr imal:Y treatment alone to achieve a high 

percentage of pollutants remova 1, nor wi 11 it be poss i ble 

to obtain a very high quality effluent if tertiary 

tl:eatment is not used. Pal:ametel:s 2 and 3, thel:efol:e, are 

l:egarded as the most impol:tant parameters among all and 

this has been reflected in the parameter matrix in Fig 6.3. 

Parametel: 10 (ie. powel: source) is the next most 

important pal:ametel:, just second to parametel:s 2 and 3. 

Elements 3-10 and 1-10, for instance, are 3 and l.>J 
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respectively, which means that parameter 3 is slightly more 

important than (ie. weak importance over) parameter 10 but 

parameter 1, on the other hand, is slightly less important 

than parameter 10. Power SClurce is close to an absolute 

determinant because all treatment alternatives cannot be 

successfully operated without it. In essence, this 

parameter is as important as parameters 2 and 3, but since 

it is a changeable factor (the other two are not), it has 

been assigned a slightly lower weightage than the latter 

two. 

The next most important parameters, then, are 1, 4 and 

18 (ie. flow, nature of site and climate). The. importance 

of these three parameters has already been discussed in 

Section 4.4.2 of Chapter 4. They are given high weightages 

because they are all unchangeable factors. Their level of 

Significance, on the other hand, is lower than that of 

parameters 2, 3 and 10. This Is because that parameters 1, 

4 and 18 are not as absolute as parameters 2, 3 and 10. 

The following example will explain this statement: It is 

impossible for a stablllzation pond to be built on a small 

site but Is possible for it to be constructed In any 

climatic conditions, although it may no~ be an appropriate 

form of treatment in a certain type of climate (e.g. cold 

weather). Hence, parameter 3 (ie. size of site) is 

absolute and parameter 18 (ie. climate) Is not so absolute. 

The next most important parameters are 12, 17, 19 and 
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20 (ie. cost of operation and maintenance, professional 

ethics, water-borne and vector-borne diseases). Their 

importance has been explained in detail in Section 4.4.2 as 

well. As discussed in the section, plant maintenance is 

always more difficult than plant construction and the most 

basic problem in plant maintenance is the availability of 

funds for such a purpose. Poor profeSSional ethics stifle 

the successful operation of any plant and it is the feeling 

of the author that this parameter should be given a high 

weightage (the parameter matrix is a subjective product 

anyway). The spreading of diseases, either water-borne or 

vector-borne, should not be taken lightly because it can 

cause chain public health effects which may lead to 

unexpected big national losses. However, these four 

parameters, 

ones, but 

changeable 

like parameters 1, 

on the other' hand, 

factors. Because 

4 and 18, are not absolute 

unlike 1, 4 and 18, are 

of this reason, they (ie. 

parameters 12, 17, 19 and 20) are considered as less 

important than parameters 1, 4 and 18 (and parameters 2, 3 

and 10 of course) but more important than the rest ten 

parameters. 

The remaining ten parameters are 5, 6, 7, 8, 9, 11, 

13,14,15 and 16. Out of the ten, parameters 5,6 and 7 

(ie. land cost, costs of construct i on in loca 1 and fore ign 

currency), are given slightly higher weightage than the 

other seven. This is because that the availability of 

construction funds is nevertheless important. lii thout It, 
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Parameters 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Fig. 6.3(a) 

DescriptIon 

Flow 

Influp.nt / Efflup.nt 

Size of 5lte 

Nature of site 

Land cost 

Local money for construction 

Foreign money for construction 

Local skill for construction 

Community support 

Power. source 

Availability of local material 

Cost of operation and maintenance 

Professional skill for operation 
and maintenance 

Local technical skill for 
operation and maIntenance 

Administration set-up 

Training 

Professional ethics 

Climate 

Local water-borne diseases 

Endemic local 
diseases 

water-related 

0.0812 

0.1828 

0.1828 

0.0585 

0.0240 

0.0187 

0.0216 

0.0144 

0.0144 

0.1192 

0.0140 

0.0386 

0.0194 

0.0160 

0.0165 

0.0165 

0.0353 

0.0556 

0.0353 

0.0353 

Normalized Priority Vector of Parameter Hatrix 
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there will be no need of any se lect i on. The remaining 

seven parameters ( ie . local skill for construction, 

community support, local material, professional and 

technical skill for operation and maintenance, 

administration set-up, training) are all playing a 

supporting role to the successful plant construction and 

operation. They are changeable and are not absolute 

determinants. Therefore they are given the lowest 

weighting. Nevertheless, their importance assigned in the 

parameter matrix is significant enough tc affect the choice 

of appropriate technology in the ranking process. 

6.4 The computer Program 

The computer program is wr i tten based on .. the 

mathematical theories described in Chapter 5 and . the 

procedures already described in this chapter. ~.;, The 

parameter matrix, as described in Section 6.3, is a built-

in feature of the model and is stored in a separate file 

named "PARAMAT". Users do not have to know what the values 

are inside the parameter matrix when they use the model. 

They only have to input matrices Al, A2, ..... , A20 (see 

Section 6.1) into the computer. Users may choose the 

number of decision variables, n, to be ranked, that is, if 

decision variables in category A, B, C, ..... (see Fig. 4.1 

of Chapter 4) are to be ranked, then n is put equal to 8 

(see Section 7.3 of Chapter 7); if decision variables in 

category a, b, c, .•.•. are to be ranked, then n is put 
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equal to 12 (see Section 7.4 of Chapter 7); and so on. Due 

to the limitation on the sizes of the input matrices, it is 

recommended that the number of decision variables taken 

should not be greater than fifteen (ie. n ~ 15), although 

the model will still work, probably with lesser accuracy, 

if n > 15. The 46 decision variables at the lowest 

category (Fig. 4.1) can be easily cut down to 15 or less 

using a simple screening process which will be illustrated 

in Section 7.5 of Chapter 7. The computer program is 

written(l) in BASIC language(3,4) on an IBM personal 

computer(6). As the program requires a considerable amount 

of memory space, it can be run on a PC (or XT or AT) only 

after it is compiled by an IBM BASIC compiler(2). The IBM 

personal computer was chosen because it is believed to be 

most convenient and easily accessible by all prospective 

users and this should be so for a number of years to come. 

A flow cbart of the program and a listing of it are 

given in Appendices B.l.2 and B.l.3 respectively. A users' 

manual of the program is given in Appendix B.l.l. 

It should be noted that elements of the decision 

variable matrices should be entered in six decimal places, 

but they wi 11 be sho1offl afterwards on the screen in three 

decimal places (see users' manual in Appendix Bll. This 

however, will not affect the accuracy of the calculation in 

which data of six decimal places will be used throughout. 

92 



After the program is run once, twenty new data flIes 

(i.e. decision variable matrices) named PARAl.LIQ, 

PARA2.LIO, ..... , PARA20.LIO will be formed if they were 

originally not existing. In addition, two files named 

"COMPOMAT.LIQ" and "REPORT.LIO" will also be formed --- the 

former stores the data of the composite matrix C (see 

Section 6.1) and the latter stores a record of all 

interactions between the user and the computer when the 

model was in use. Once can view at the contents of these 

files by using the 'TYPE' command. 

6.5 Decision Variable Mat;ices 

6.5.1 Matrix Construction 

The construction of the decision variable matrices is 

done according to the same principle which is used in 

constructing the parameter matrix. The scales as shown in 

Fig. 6.2 are adhered to as well. As already mentioned in 

Section 6.1, a total of 20 reciprocal decision variable 

matrices will be formed for each situation under test as 

the number of parameters considered in the model is 20. 

Each decision variable matrix consists of elements of 

pairwise comparisons of the n decision variables with 

respect to a single parameter as objective where n is the 

number of deciSion variables to be ranked. For the 

situation of Malaysia 

Section 7.3 of chapter 

under test, n is equal to 8 (see 

7 and Section 8.1 of Chapter 8). 
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Therefore, there are twenty ax8 decision variables matrices 

constructed in this test. As an illustrative example, let 

us take a look at the 8x8 decision variable matrix for 

parameter 12 shown in Section 8.1. For easy reference, 

this matrix is reproduced hereunder in Fig. 6.4. 

Bio- A. S. Pr imary Land Small Package 
Pond Lagoon f 11 ter Process Treatment Treatment Plant Plant 

Pond 1 3 4 5 3 3 3 5 

Lagoon 1 2 4 1 1 1 4 

Bio- 1 3 ~ ~ ~ 3 
filter 2 2 2 

A. s. 1 ~ 1 ~ 1 
Process 3 /3 3 

Primary 1 1 1 3 
Treatment All lower triangular 

elements = aji 
Land 1 1 3 
Treatment = ..l-

a i j 
Small 1 3 
Plant 

Package 1 
Plant 

Fig. 6.4: Decision Variable Matrix 
for Parameter 12 (Ma lays ia) 

Parameter 12 15 the cost of operation and maintenance. 

Therefore, as far as the cost of 0 & H is concerned, a 

stabilization pond is slightly cheaper (and hence better) 

than an aerated lagoon. Element 1-2 entered 1s therefore 

equal to 3. If a pond is compared to an activated sludge 

plant, the former is significantly cheaper to operate and 

maintain than the latter, and hence element 1-4 is entered· 
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as 5. This principle is used for enteri~g all the elements 

in the matrix, and the author calls this the first 

principle, .... hich is simple but basic in the theory of 

eigenvector prioritization. 

However, elements 1-2 and 1-4 entered as J and 5 must 

be done .... ith a kno .... ledge of the economic situation of 

Malaysia in question. If the alternatives are to be 

cons idereJ in another si tuat i on (le. a place other than 

Puchong of Malaysia), the entries for t~.e matrix .... 111 not 

be the same. For instance, the decision var iable matr ix 

for the same parameter (ie.· parameter 12) for Hong Kong 

situation will be quite different. For easy reference, 

this parameter (sho .... n in Section 8.4.1 of Chapter 8) is 

reproduced hereunder in Fig. 6.5. It can be seen that in 

this case the pond is only very Slightly better than the 

activated sludge process. Element 1-4 is 2 only for Hong 

Kong .... hllst the same element for Malaysia is 5. This is 

because that funds for operation and maintenance of a 

.... aste .... ater treatment plant are readily available in Hong 

Kong and that funds for such a purpose are less str ingent 

in Hong Kong than in Malaysia. The author calls the 

prinCiple described in this paragraph tr.e second prinCiple 

in constructing decision variable rnatri:es. Matrices of 

parameter 5 (ie. land cost) for Malaysia and Hong Kong 

situations reveal another example of this principle. In 

other words, the degree of influence to the selection of 

the appropriate treatment alternative due to a particular 
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parameter is re f lected by the values entered. If the 

parameter is a pressure point in a given situation, the 

values in the decision variable matrix will be high and 

vice versa. 

8io- A.S. Primary Land Small Package 
Pond Lagoon fllter Process Treatment Treatment Plant Plant 

Pond 1 

Lagoon 

8io-
fllter 

A. s. 
Process 

Pr imary 
Treatment 

Land 
Treatment 

1 1 2 

1 1 2 

1 2 

1 

All lower triangular 
elements = aji 

1 1 

1 1 

1 1 

1 1 
2 2 

1 1 

1 

1 

1 

1 

1 
2 

1 

1 

2 

2 

2 

1 

2 

2 

Small 
Plant 

1 2 

Package 1 
Plant 

Fig. 6.5: Decision Variable Hatrix 
for Parameter 12 (Hong Kong) 

There is a third principle also. If the decision 

variable matrices of Parameters 13 and 14 of Thailand are 

compared (see Section 8.2), it can be observed that the 

relative importance of the decision variables are baSically 

the same for the two parameters but the scores entered in 

parameter 14 is slightly higher than those in parameter 13. 

This is because of the fact that the technlcal skill 
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available in that situation is inferior to the professional 

skill available (see Appendix C.3.2l. 

Therefore, the first principle is intra-matrix 

oriented; the second principle is inter-situations 

oriented; the third principle is inter-matrices and intra-

situation oriented. In constructing the decision variable 

matr ices, these three pr inc i pIes are used throug;,out. 

6.5.2 Comparison of Decision Variables Using Each 
Parameter as Objective 

Various kinds of treatment alternatives have been 

descr ibed in Chapter 2. The ir mer i ts and demer its wi th 

respect to certain parameters have been mentioned in that 

chapter. Section 4.2.2 of Chapter 4 has also included some 

discussions on the same topic. Since the subject has been 

partly covered in the above two places, the author is not 

gOing to enter into it too deeply in this section. A 

summary only will be given in the following pages. 
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Stabilization Aerated 9io- A.S. Priury Land Sull Pack.ge 
PH ;!eter PMds l.goons Filtration Proceu Tr .. tlenl Trutlent Phnls A.S. Pl.nis 

I. nov nol nol suitable sui table sui table nol sui table suitable 
suitable suitable for sull for lediuI for any suitabl~ for sull for sull 
for large for very and lediuI and l.rge quanti ty for large flov; f1ov; noi 
f1ov; large fI ov; not f1ov; not of f1ov; f1ov; lOderai.ly qui le 
resi shnl f1ov; quite resi stanl not resistant resistant resi stant 
10 shock qui te resi stant to shock resist.nt to shock to shock to shock 
f10v resi st.nt to shock f10v to shock f10v flov f10v 

to shock f10v f10v 
f10v 

2. Influentl Iruhent Ire.hent Ire.llent Ireahent treahent truhent trutoent treahent 
Effluent efficiency efficiency efficiency efficiency efficiency efficiency efficiency efficiell(Y 

is quih is high; is qui le is high; is J 0"; is high; is high; is high; 
high; qui te high; nol not resistant IOderat.ly not quite 
resisl.nt resi stant not qui h resi stant resi slant to shoc k resistanl resistant 
to shock· to shock resishnt to shock to shock lo.d to shock to shock 
lo.d lo.d to shock load load load lo.d 

10id 

J. Size of very large large loderahly sull very sull utrelely loderately loderately 
sile I.rge large sldl 51.11 

4. .. ture lov vater lov valer better sludge sludge lov .aler sludge sludge 
of si te table; lUst table; to be di sposal di spoul lable; di spoul disposd 

be isolite; lust be isolate; is is quite lust be is is quite 
no sludge isolate; sludge essentid essential isolate; fSsfllti .1 nsenti aI 
di spoul; no or disposal no 
no flooding little is f1oodiog 

sludge essential 
di sposal; 
no 
flooding 

5. Li.d cost Very high high qui te 10. very lov eltrelely loderatel y loderatel y 
high high lov lov 

6. Local lov loderately loderately high 10. loderalely loderahly high 
lOI1ey for lov high lov high 
c:·nstruction 

7. ,oreign very lov lov loderahly can be 10. lov loderalely can be 
lOney for lov high lov Ioder.lely 
c~struction high 

8. Lx.1 lov loderalely IOder atel y my high loder.lely loderately lodmlely high 
siill for lov high lov lov high 
c:<lstructian 
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Slabililalion Aeraled 8io- A.S. Primy !.and Sul1 Pack.ge 
PJriH't~r Ponds I 'g~ons filtration Proc ess Trutl.", Treillenl elilli A.S. e!.!lli. 

'J. c,,1 .. nity can easily not IOderately di fficult not not loderately difficult 
support obtain di fficult difficul t 10 oblain difficoll difficult difficult to obliin 

support; to obtain to obtain support to obhi. 10 obtain to obtain sup par t 
uy be support; support support support, support 
di 51 Hed oay be oay haye 
due to disliked negatiye 
religions due to psycno-
reasont religions logical 

reasons effects 

10. Pover I eist quite i Ipor t ant lost quite qui t. ilporlint i Ipor tant 
source ilportant ilportant il,ortanl ilport.nl i'portant 

11. Ay.i I abi lily ayailable avai lable .. y not uy .01 'Yiilable av.ilable .. y not oay nol 
of local easily quite be too be easily quite qui te be too be easily 
•• terial easi Iy easily .vai lable .ui Iy easily easi Iy availible 

aYail,ble ayai lab le 

12. ':..:,st "f loy ~ui le ,verage high I(.y :.JW aver age hi'lh 
J ~ 1't loy 

13. Professional very laY lov average high loy ~uite Ioy ayerage 
still for ~igh 

il • " 

14. loul very laY lov average high loy quite lov average 
teennici! iign 
sti 11 for 

o • " 
15. M.inis- lust .oderately .oderately ilportant not too lOder.lely IOderately IOdentely 

trillion i'portant i.port.nt ilporlanl iljlortilll i.portanl iljlorhnl i ljIorhnt 
Ht-up 

16. Training leasl 001 too .oderately very not loo :lport,.1 loder.tely i'port.nt 
ioporla.1 ilPortant i Ipor t ani i Ipor lint iljlortanl ilportanl 

17. Profenion.1 least loderately i.porl.nl very .oderately 'ery .oder.lely ilporta.1 
tl~ics ilporlanl i.porlanl i Ipor I ,nl ilporlanl ilporti1l1 i.portant 

18. C! iute .ot sui lable not "01 .ot not :; y .01 .ot 
for cold suitable luch Iuch lucn :Iiute lucn luch 
cliute; ior cold affected a f fec ted • ff ec t ed ind attected affected 
sunshine cliute sunshine 
is essential ne 

menlia! 

19. Ixal °my g"ad .oderalely bad in .oderate1y exlre.el y .. ery good loderately Joderately 
... ter-bor.e in pathogen good in pat.hogen bad in bad in :1) bad in bad in 
diseases r .. ova! p.thogen retoy.1 palhogen pathogen :.thog." pathogen p.lhogen 

reaoyat ruoyi! ruoval ',Ioval re.oval rOloval 
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St.~ilization Aerated Bio- A.S. Priury Land Stall Package Pit neter Ponds lagoons filtlltion ~ Treatlfn! Treahent Plants A. S. PI ant s 

20. t.duic ,ery euy easy to loderately least easy least easy fltrelely less easy less easy 
'e<tor-borne to spread spread the usy to to spread to sprud easy to to sprud to spread 
'water- the diseases di seases spread the the the spread the the the related) di seases di seases di seases di seases diseases diseases .i seases 
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PART 3 

TESTING OF MODEL 



CHAPTER 7 --- MODEL TESTING (I) 

7.1 Selection of Plants for Testing 

The model can be tested by feeding into it data 

collected from actual wastewater treatment plants. By 

using data collected from an actual plant, the result that 

the model indicates (ie. the most appropriate treatment 

alternative) can be compared with the real situation. 

Assuming that the model works satisfactorily, the result it 

gives should be more or less in agreement with the 

treatment process used by the plant if the latter works 

successfully, or it wi 11 indicate some other more 

appropriate treatment alternative if the plant works 

unsatisfactorily (if at all it works). 

The next question then is which plants are to be 

chosen for the test? Without doubt they must be municipal 

wastewater treatment plants as the model is designed for 

ranking treatment alternatives for treating municipal 

wastewaters. They must also represent a wide spectrum of 

environmental and socio-cultural differences in which they 

were built. However, the number of plants and their 

locations used for testing 

limi t, although a wide 

must be within a practicable 

spectrum of differences is 

desirable. Having considered all these factors, four 

existing se'"age treatment plants were selected. They are: 
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1. Puchong Sewage Treatment Plant in Malaysia 

2. Pattaya South Sewage Treatment Pl3nt in Thailand 

3. Min Shen Sewage Treatment Plant in Taiwan 

4. Shatin Sewage Treatment Plant in Hong Kong 

7.2 Collection of pata 

The data were collected using questionnaires(1,2) 

supported by site 

questionnaires. 

acquiring general 

sewage treatment 

visits. There were three different 

The first one was of a general type, 

information about sewerage systems and 

of a particular country (see Appendix 

C.l) . This same questionnaire was given to university 

of various lecturers and practicing sanitation engineers 

countr ies in the south-east As ia wi th whom the author had 

had previ ous connect ions. . The completed questionna i res 

were carefully studied so that a general picture of 

wastewater engi neer 1ng in each country was known. In 

addition, each returned questionnaire provided the names 

and addresses of several sewage treatment plants in each of 

the countries so that further contact with individual 

treatment plants was made possible. Then, a second 

questionnaire, asking for much more deta i led i nformat i on 

about an individual plant (see Appendix C.2), was sent to 

a 11 those treatment plants whose addresses were obta i ned 

from the first questionnaire. Less than 50\ of the 

questionnaires sent were completed and returned. From the 

results of the second questionnaire, four plants (as 
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mentioned in Section 7.1) were selected a5 candidate plants 

for testing the model. They were se:ected for three 

reasons: (1) they are in different environmental and 

socio-cultural contexts, (2) they are c: different sizes 

(ie. capacities) and (3) the returned q';estionnaires from 

these plants (except the plant in Thailar.d) were completed 

in greater detail and with greater care ~not all returned 

quest i onna i res were so) and it was therefore assumed that 

the data of these plants would be more ::eliable and that 

further contact with these plants would be more profitable. 

The plant in Thailand was selected because of reasons (1) 

and (2) but not (3). However, there was a:1other reason for 

choosing this particular plant and the reason will be 

discussed in Section 7.4. 

Then, a third questionnaire was designed to acquire 

further information concerning the candidate plants (see 

Appendix C. 3). This questionnaire was not sent but was 

taken along with the author during his visit to these 

plants. The quest ions contained in it .ere put by the 

author when he met wi th the plant managers and the sta f f 

during the visits. The site visits also helped him acquire 

a greater understand i ng of the en'! i ron::'-::ltal and soc ia 1 

situations of the candidate countries so that the data for 

the intangible parameters could be entered wi th greater 

accuracy into the model. 

In the following sections, descript:ons of the test 
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procedures for the plants in Malaysia, Thailand, Taiwan and 

Hong Kong respectively will be given. 

7.3 Puchong Sewage Treatment Plant (Halaysia) 

The Puchong STP, built in 1984-85, is located at the 

south-west of Kualu Lumpur, the capital of Malaysia. The 

plant is situated outside the city boundary but not far 

away from Kuala Lumpur, and is therefore situated in a 

semi-rural area (see Fig. 7.1)(3). The plant was designed 

to treat an average daily dry weather flow of 1800 m3/day 

(ie. 8000 P.E.) and the designed influent BOD5 was 220 

mg/l (3). However, due to ground water inflltration into 

the sewerage system, the actual mean BOOS figure was found 

I to be only 108 mg/l when the plant was commissioned (see 

Appendix C.2.1). The treatment plant consists of two 

ponds, one facultative pond (3 Ha) and then one maturation 

pond ( 0.9 Ha). Land is available in Puchong area. The 

capacity of the plant can be increased in the future by the 

construction of additional stabilization ponds as land for 

extension has already been reserved. The effluent is 

discharged to a river named Sungai Kelang and has BOOS and 

s.s. standards of 29 mg/l and 2 mg/l respectively ( result 

of weekly grab samples). The plant can be considered, in 

general, as working successfully. 

Other details concerning Malaysia in broad terms -- as 

well as the Puchong STP itself -- can be seen in Appendices 

104 



• 

AREAS SERVED AND PHASE 1 - FACILITIES 

I 
I 
\ 

I 

r· J . 
\ 
! 
I 
i 

\. 

TO KELANG 

KEY 

...... ; 
( ._.---

KEY PLAN 

TO IPOH 

TO KUANlilr-;... ....... ,._._._., ./ . ) 
..... 

SCALE 1"= 2 MILES 

I TO SEREM8AN 

I 
~. r o

--.---

.".. ...... 
~., i 

2·".1 
TO SERDANG 

TO SEREMBAN 

-'-'- FEDERAL TERRITORY BOUNDARY 

Fig. 7.1; LOCATION OF PUCHONG STl 
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C.1.1, C.2.1 and C.3.1. Although not all questions .... ere 

ans .... ered in the completed questionnaires, the information 

obtained .... as adequate for making up the t .... enty decision 

variable reciprocal matrices for entry into the model. 

Each decision variable matrices is of order 8x8. As 

mentioned on Page 65 (Chapter 4) and Sections 6.4 and 6.5.1 

(Chapter 6), the 8 decision variables used .... ere those in 

the first category (ie. A, B, ..... , H) sho .... n in the 

hierarchical structure in Fig. 4.1 of Chapter 4. They are 

reproduced hereunder 

Decision Variable 

1 

2 

3 

4 

5 

6 

7 

8 

for easy reference: 

Description 

stabilization pones 

Aerated lagoons 

Biofiltration 

Activated sludge processes 

Primary Settlement 

Land application 

Sma 11 plants 

Package activated sludge plants 

The decision variable matrices for the 

are sho .... n in Section 8.1 of Chapter 

construction .... as based on the discussions 

20 parameters 

8 and their 

contained in 

Section 6.5 of Chapter 6. These data .... ere entered into the 

model according to the procedures given in the computer 

program users' manual (Appendix B.1.1). The result (ie. 

output of the model) is also sho .... n at the end of Section 

8.1. 
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The optimum treatment alternative gi·,en on Page 132 as 

selected by the model, which scores 100\, is stabilization 

pond ( i e . Decision Variable ll. The second best 

alternative, which scores 87\, is aerated lagoor. (ie. 

Decision Variable 2). The third, which scores 75\, is 

small plant (ie. Decision Variable 7). This is the result 

that had been anticipated from a less rigorous, general 

appreciation of the situation. It should be noted that, 

however, stabilization pond is the optimal alternative only 

for this very particular situation. If the site is 

relocated somewhere else in Malaysia with a different 

environment, or if the requirement on the standard of 

effluent is different, or if there are any changes that 

have taken place in terms of the social conditions, the 

result may well be a treatment alternative other than 

stabilization ponds. 

7.4 Pattaya South Sewage Treatment Plant (Thailand) 

Pattaya is one of Thailand's :ne in local and 

i nternat ional tour i st attract ions and is second only to 

Bangkok in foreign exchange earnings from tourism. The 

total town area of Pattaya is about 200 km2 and the 

resident population is about 50,000. Most of the 

population is concentrated in the relatively small beach 

zone (see Fig. 7.2). Due to the continual growth of the 

town and the continual deterioration of the beach 

enVironment, it is a great concern on the part of the 
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pattaya government that the degradation of the beaches may 

cause a loss of tour ist income. So, in 1982, a si mp 1 e 

sewerage system and a wastewater treatment plant were built 

for servicing a densely populated but relatively small zone 

( 4 ) at south Pattaya as shown in Flgs. 7.2 and 7.3 . 

As the treatment plant is located at a very densely 

populated zone, the site area ava ilable for the plant is 

very llmi ted (about 0.2 Ha). The plant was designed to 

treat a daily average DWF of 1000 m3/day (ie. 5000 P.E.) of 

municipal sewage and the effluent standard for BOOS was set 

to be not more than 15 mg/l (4) . Effluent would be 

discharged to a cana I (Khlong Pat taya) and then to the 

beach. The treatment process employed is extended aeration 

activated sludge. Surface aerators are used in the 

aeration tank. Details of the treatment plant can be found 

in Appendix C.2.2 and other details concerning 

Thailand/Pattaya can be found in Appendices C.l.2 and 

C.3.2. 

This plant is now not in operation. The author was 

informed during the visit that the plant had previously 

been working unsatisfactorily. This fact identifies the 

additional reason, which was not mentioned in Section 7.2, 

for selecting this plant for testing the model. The model 

should, if it works well, give an optimal treatment 

alternative which is not that of the activated sludge 

process. So, for this particular test, the result should 
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be a negative one rather than a positi"le one, unlike the 

Puchong STP of Malaysia. 

The decision variables used, as men:ioned on Page 65, 

were those in the second category (ie. a, b, ••••• I 1) 

shown in the hierarchical structure in Fig. 4.1 of Chapter 

4. They are: 

Decision Variable 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Description 

Stabilization por.ds 

Fully-aerated lagoons + Secondary 
settlement 

Fully/Partially aerated lagoons 

Simple percolating filtration 

Modified percolating filtration 

Conventional activated sludge 
process 

Deep-shaft/High-purlty oxygen 
process 

Primary settlement 

Land application 

Rotating Biological contactors 

Oxidation ditches 

Package activated sludge plants 

The twenty 12x12 dec is i on var iable matr ices entered 

into the model are given in Section 8.2 of Chapter 8. They 

were again constructed based on Section 6.5. On Page 143, 

the optimal treatment alternative obtained, which scores 
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100\, is that of rotating biological contactors (ie. 

Decision Variable 10) and not the installed activated 

sludge process. The second best alternative, which scores 

86\, is package activated sludge plants (ie. Decision 

Variable 12). The third, which scores 84\, is conventional 

activated sludge process (ie. Decision Variable 6). It is 

worthwhile to mention that there is a RBC plant built 

recently (in 1985) in Pattaya to serve the new service area 

(Fig. 7.2) and it was found to work very successfully when 

the author visited this plant in early 1987. 

7.5 Min Shen Sewage Treatment Plant (Taiyan) 

Min Shen Sewage Treatment Plant is at the north-east 

of Taipei city, the capital of Taiwan which has a 

population of two millions. The plant is not too far away 

from the city centre (see Fig. 7.4)(5), and is responsible 

for treating the wastewater from the Min Shen Housing 

Estate (the Minshen Community). It was built on quite a 

small site (about 0.8 Ha) which was assigned by the 

government of Taipei city for constructing sewage treatment 

facilities. The plant was designed to treat 15,500 m3/day 

(daily average) of municipal wastewater (ie. 60,000 P.E.) 

and the designed influent 8005 and s.s. were both 200 mq/l. 

Two different treatment processes are used in the plant ---

RBC and activated sludge. The settled se·.age flows to a 

distribution chamber which leads about 20\ of the flow to 

the RBC basin and 80\ to the activated sludge aeration 
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tank. The effluent after secondary treatment goes through 

tertiary treatment (rapid sand filtration) before it is 

discharged to the Keelung River which is adjacent to the 

plant. The effluent is required by the authority to be of 

a very high standard (BOOS: 5-10 and s.s.: 5-10) for two 

reasons: (1) the Kee1ung River is already fairly polluted 

as a result of the rapid industrialization the 

environmental protection programmes launched there recently 

have not been able to cope with the rapid industr ial 

deve lopment), (2) 

fountain in the 

the effluent is partly used in a scenic 

San Hin Park of the Hin Shen Housing 

Estate, which is a pioneering project of wastewater reuse 

in Taiwan. The effluent from the RBC usually has a BOOS of 

10 to 15 mg/l and that from the activated sludge process 20 

to 30 mg/1. These figures reduce to about 8 mg/l and 18 

mg/l respectively following tertiary treatment. Therefore, 

for most of the time, only the tertiary treated effluent 

from the RBC process is used in the wastewater reuse 

project. However, it is the desire of the authority to 

have more reusable effluent from the plant. Further 

details of this plant can be found in Appendix C. 2.3 and 

that of Taiwan/Taipei in general can be found in Appendices 

C . 1. 3 and C. 3 . 3 . 

The dec is ion var iables used on this occas ion were 

those in the third category (ie. 1, 2, ..... , 46) shown in 

the hierarchical structure in Fig. 4.1. Since there were 

too many decision variables in this category, they had to 
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be reduced to a smaller number --- preferably not exceeding 

15 (see Section 6.4 of Chapter 6) --- by the use of a 

screening exercise. In this test, the number of decision 

variables that remained after screening was 10. The 

screening exercise is simple and is described in the next 

paragraph. 

Decision variables numbered 1 to 13 were not to be 

cons idered as the site area ava i lable could in no way 

permit their selection. Now, only 33 (ie. 45 13) 

decision variables remained for selection. Out of these 33 

decision variables, only those with tertiary treatment were 

. to be considered because the required effluent standard 

could only consistently be met with the use of tertiary 

treatment. Now there were only 10 decision variables 

remaining all of which include tertiary treatment and hence 

they were taken as the decision variables for the test. 

Decision Variable 

1 

2 

3 

4 

5 

Description 

Primary clarifier + Simple 
percolating filtration + Tertiary 
treatment 

Primary clarifier + Percolating 
filtration with recirculation + 
Tertiary treatment 

Primary clarifier + Alternating 
double filtration + Tertiary 
treatment 

Primary clarifier + Conventional 
activated sludge process + 
Tertiary treatment 

Primary clarifier + High-purity 
oxygen activated sludge process + 
Tertiary Treatment 
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6 

7 

8 

9 

10 

Deep shaft + Nitrifying filter 

Primary clarifier _ Rotating 
biological contactor + Tertiary 
treatment 

Oxidation ditch + Tertiary 
treatment 

Package activated sludge plant + 
Tertiary treatment 

Package high-purity oxygen plant 
+ Tertiary treatment 

The tertiary treatment in the above decision variables 

is assumed, except for Deep Shaft, to be rapid sand 

filtration, the existing tertiary treatment method used by 

the plant. Other tertiary treatment techniques (eg. 

microstraining) of course could have been used in this 

plant, but .... hether or not they are more appropriate than 

the exist ing rapid sand f i 1 tra t ion is an irrelevant 

question in this selection exercise, as the objective here 

is to select the best alternative to be employed before the 

tert iary treatment. The t .... enty 10xlO decision variable 

matrices entered into the model are given in Section 8.3 of 

Chapter 8. The resul t of the computer run on Page 154 

sho .... s that the optimal treatment alternative, .... hich scores 

100\, is primary clarifier + RBC + tertiary treatment (ie. 

Decision Variable 7), .... hich is, again, in agreement .... ith 

the existing situation. The second best alternative, .... hich 

scores 95\, is primary clarifier + high-purity oxygen 

activated sludge process + tertiary treatment (ie. Decision 

Var iable 5). The third, .... hich scores 91\, is primary 
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clarifier + conventional activated sludge process + 

tertiary treatment (ie. Decision Variable 4). 

7.6 Shatin Sewage Treatment Plant (Hong Kong) 

Shatln STP is situated at the south-west end of Tolo 

Harbour (see Fig. 7.S){6). The effluent from the plant is 

discharged to the Harbour. Since Tolo Harbour is nearly an 

enclosed bay, there is a lack of natural currents in the 

sea water to dilute and disperse the discharged effluent. 

Hence, the standard of the effluent required is high in 

order to control the water quality in the harbour which has 

experienced a decline in environmental conditions as a 

result of rapid residential and industrial development in 

Shatin. The plant was built on a piece of reclaimed land 

created by filling a huge volume of earth onto the Tolo 

Harbour. The site is quite isolated. Land is always a 

problem in Hong Kong and the cost of land is extremely 

expensive. In this particular case, land for building the 

plant was not available unless it was reclaimed from the 

sea, thus making the land cost exceptionally costly. 

The construction of Shatin STP began in late 1970's 

and the first phase of the plant started operation in 1981, 

treating an average daily dry weather flow of 100,000 

3 m /day (about 2.40,000 P.E.). The second phase of the 

plant, treating also the same amount of flow, ,tarted 

operation in 1986, resulting in a total treatment capacity 
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of 
3 200,000 m/day for the plant. The treatment method 

employed is the activated sludge process. 60\ of the 

influent is from the municipality of Shatin New Town and 

40\ from the industrial establishments in the vicinity. 

The mixed influent has an average BOD5 of 250 mg/l and 5.5. 

of 220 mg/l. No tertiary treatment (e.g. microstrainers or 

rapid sand filters l is provided in the plant. The effluent 

standard is of 10 to 15 mg/l BOOS and 15 to 25 mg/l s. s. in 

average. The plant is considered to be working quite 

satisfactorily. Other details concerning Hong Kong in 

broad terms and the Shatin STP itself can be found in 

Appendices C.l.4, C.2.4 and C.3.4. 

The decision variables used in the test were those in 

the first category (ie. A, B, ••••• I Hl shown in the 

hierarchical structure in Fig. 4.1 of Chapter 4. They are: 

Decision Variable Description 

1 Stabilization ponds 

2 Aerated lagoons 

3 Biofiltration 

4 Activated sludge process 

5 Primary settlement 

6 Land application 

7 Small plants 

8 Package activated sludge plants 

The ax8 decision variable matrices for the 20 
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parameters are sho .... n in Section 8.4.1 of Chapter 8. The 

computer run sho .... s that activated sludge process (ie. 

Decision Variable 4) is the optimal treatment alternative 

(see Page 165). 

Then, the seven decision variables (numbered 23, 24, 

25, 26, 27, 28 and 29) under Activated Sludge Process in 

the hi erarchi cal structure shown in Fig. 4.1 were further 

ranked. These seven decision variables are: 

Decision Variable 

1 

2 

3 

4 

5 

6 

7 

Description 

Primary clarifier + Conventional 
activated sludge ~rocess 

Septic tank + Con~entional 
activated sludge process 

Primary clarifier + Conventional 
activated sludge process t 

Tertiary treatment 

Deep shaft 

Deep shaft + Nitrifyinq filter 

Primary clarifier + Hiqh-purity 
oxygen activated sludge process 

Primary clarifier + High-purity 
oxygen activated sludge process 
+ Tertiary treatment 

The term tertiary treatment that appears in the 

decision variables should refer to either microstrainers or 

rapid sand filters as Shatin STP is a huge plant. The 

twenty 7x7 decision variable matrices are shown in Section 

8.4.2 of Chapter 8. The model gives a result on Page 176 

that primary clarifier + conventional activated sludge 
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process + tertiary treatment (ie. Decisicn Variable 3) is 

the most appropriate treatment alternative. Although the 

existing Shatin plant is working quite suc=essfully without 

the use of tertiary treatment. it is the opinion of the 

author that the latter (perhaps microstrainers) should be 

added to the plant in order that a even C10re satisfactory 

treatment result will be achieved. 
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CHAPTER 8 --- MODEL TESTING (11) 

This chapter must be read in conjunction with Appendix 

B.l.l, the user's manual of the model. The user should also 

refer to the DOS manual of an IBM-PC(l) if he uses the PC 

at the first time. The following sections show a complete 

record of the dialogue between the user and the computer 

for ranking wastewater treatment alternatives in Malaysia, 

Thailand, Taiwan and Hong Kong respectively. 

8.1 Computer Run for Puchong SIP (Malaysia) 

This section must be read in conjunc':!on with Section 

7.3 of Chapter 7. The following is a record of running the 

model. 

RANKING OF LIQUID TREATMENT ALTERNATIVES 

Order of decision variable matrix is n x n where n = 8 

PARAMETER 1 : Flow 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA1.LIQ 

The decision variable matrix is : 

1. 000 1. 000 1.000 3.000 1. 000 1.000 1. 000 1. 000 
1. 000 1. 000 1.000 3.000 1. 000 1. 000 1.000 1. 000 
1.000 1.000 1. 000 3.000 1. 000 1.000 1. 000 1. 000 
0.333 0.333 0.333 1. 000 0.333 0.333 0.333 0.333 
1. 000 1. 000 1. 000 3.000 1. 000 1.000 1.000 1. 000 
1.000 1. 000 1.000 3.000 1. 000 1.000 1. 000 1. 000 
1. 000 1. 000 1.000 3.000 1. 000 1.000 1. 000 1. 000 
1.000 1. 000 1.000 3.000 1. 000 1. 000 1.000 1. 000 

Do you want to change data in the above matrix? 'i or N ? N 
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Please wait ..... 

The matrix just entered is stored in a fil~ named 'PARA1.LIQ' 

Press the RETURN key to continue 

PARAMETER 2 : Influent / Effluent 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA2.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 1.000 5.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 5.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 5.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 5.000 1.000 1.000 :.000 
0.200 0.200 0.200 0.200 1.000 0.200 0.200 0.200 
1.000 1.000 1.000 1.000 5.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 5.000 1.000 1.000 C.OOO 
1.000 1.000 1.000 1.000 5.000 1.000 1.000 1.000 

Do you want to change data in the above ma:rix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARA2.LIQ 

Press the RETURN key to continue 

PARAMETER 3 : Size of site 

Do you want to use data from an existing file? Y or N ? Y 

Name of the eXisting file is ? PARA3.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 1.000 1.000 3.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 4.000 1.000 :.000 
1.000 1.000 1.000 1.000 1.000 5.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 5.000 1.0~0 1.000 
1.000 1.000 1.000 1.000 1.000 6.000 1.000 1.000 
0.333 0.250 0.200 0.200 0.167 1.000 0.200 0.200 
1.000 1.000 1.000 1.000 1.000 5.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 5.000 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 
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The matrix just entered is stored in a file named PARA3.LIQ 

Press the RETURN key to continue 

PARAMETER 4 : Nature of site 

Do you want to use data from an existing fi le ? Y or N ? Y 

Name of the existing file is ? PARA4 .LIQ 

The decision variable matrix is : 

1. 000 1. 000 3.000 3.000 3.000 3.000 3.000 3.000 
1.000 1.000 3.000 3.000 3.000 3.000 3.000 3.000 
0.333 0.333 1.000 1. 000 1. 000 1.000 1.000 1. 000 
0.333 0.333 1.000 1.000 1. 000 1.000 1.000 1.000 
0.333 0.333 1. 000 1.000 1. 000 1.000 1.000 1.000 
0.333 0.333 1. 000 1.000 1. 000 1.000 1.000 1. 000 
0.333 0.333 1.000 1. 000 1. 000 1. 000 1.000 1.000 
0.333 0.333 1.000 1. 000 1.000 1.000 1.000 1.000 

Do you want to change data in the above rr.a t r i x ? Y or N ? 

Please wait ..... 
The matrix just entered is stored in a file named PARA4.LIQ 

Press the RETURN key to continue 

PARAMETER 5 : Land cost 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA5.LIQ 

The decision variable matrix is : 

1.000 0.500 0.333 0.333 0.333 3.000 0.333 0.333 
2.000 1.000 0.500 0.500 0.500 4.000 0.500 0.500 
3.000 2.000 1.000 1.000 1.000 5.000 1.000 1.000 
3.000 2.000 1.000 1.000 1.000 5.000 1.000 1.000 
3.000 2.000 1.000 1.000 1.000 5.000 1.000 1.000 
0.333 0.250 0.200 0.200 0.200 1.000 0.200 0.200 
3.000 2.000 1.000 1.000 1.000 5.000 1.000 1.000 
3.000 2.000 1.000 1.000 1.000 5.000 1.000 1.000 

N 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARAS.LIQ 
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Press the RETURN key to continue 

PARAMETER 6 : Local money for construction 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA6.LIQ 

The decision variable matrix is : 

1.000 2.000 4.000 5.000 2.000 2.000 3.000 5.000 
0.500 1.000 3.000 4.000 1.000 1.000 2.000 4.000 
0.250 0.333 1.000 2.000 0.333 0.333 0.500 2.000 
0.200 0.250 0.500 1.000 0.250 0.250 0.333 1.000 
0.500 1.000 3.000 4.000 1.000 1.000 2.000 4.000 
0.500 1.000 3.000 4.000 1.000 1.000 2.000 4.000 
0.333 0.500 2.000 3.000 0.500 0.500 1.000 3.000 
0.200 0.250 0.500 1.000 0.250 0.250 0.333 1.000 

Do you want to change data in the above matrix? Y or N 7 N 

Please wait 

The matrix just entered is stored in a file named PARA6.LIQ 

Press the RETURN key to continue 

PARAMETER 7 : Foreign money for construction 

Do you want to use data from an existing file ? Y or N 7 Y 

Name of the existing file is ? PARA7.LIQ 

The decision variable matrix is : 

1. 000 1.000 3.000 5.000 1.000 1.000 3.000 4.000 
1.000 1.000 2.000 4.000 1. 000 1.000 2.000 4.000 
0.333 0.500 1.000 3.000 0.333 0.333 1. 000 2.000 
0.200 0.250 0.333 1.000 0.200 0.200 0.333 0.500 
1.000 1.000 3.000 5.000 1.000 1.000 2.000 4.000 
1.000 1.000 3.000 5.000 1. 000 1.000 2.000 4.000 
0.333 0.500 1.000 3.000 0.500 0.500 1.000 2.000 
0.250 0.250 0.500 2.000 0.250 0.250 0.500 1. 000 

Do you want to change data in the above matrix ? Y or N 7 N 

Please wait ..... 
The matrix just entered is stored in a file named PARA7.LIQ 

Press the RETURN key to continue 
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PARAMETER S Local sk i 11 for construct!::: 

Do you want to use data from an existing :ile ? 'i or N ? Y 

Name of the existing file is ? PARAS .LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 3.000 1.000 1.000 1. 000 2.000 
1. 000 1.000 1.000 3.000 1. 000 1. 000 1. 000 2. 000 
1. 000 1. 000 1.000 2.000 1.000 1. 000 1. 000 1. 000 
0.333 0.333 0.500 1. 000 0.333 0.333 0.333 ').500 
1. 000 1. 000 1.000 3.000 1.000 1.000 1.000 2.000 
1.000 1. 000 1. 000 3.000 1. 000 1.000 1.000 2.000 
1.000 1. 000 1.000 3.000 1. 000 1.000 1.000 2.000 
0.500 0.500 1. 000 2.000 0.500 0.500 0.500 1.000 

Do you want to change data in the above lIC':rix ? 'i or N ? N 

Please wait . . . .. 
The matrix just entered is stored in a fi:~ named PARAS.LIQ 

Press the RETURN key to continue 

PARAMETER 9 : Community support 

Do you want to use data from an existing file ? '{ or N ? Y 

Name of the existing file is ? PARA9.LIQ 

The decision variable matrix is : 

1. 000 1.000 2.000 3.000 1.000 0.333 2.000 ::.000 
1.000 1.000 2.000 3.000 1.000 0.333 1.000 :: .000 
0.500 0.500 1. 000 2.000 0.500 0.250 1.000 :.000 
0.333 0.333 0.500 1.000 3.000 0.200 2.000 :.000 
1.000 1. 000 2.000 0.333 1. 000 0.333 2.000 ::.000 
3.000 3.000 4.000 5.000 3.000 1.000 4.000 :.000 
0.500 1. 000 1. 000 0.500 0.500 0.250 1. 000 :.000 
0.333 0.333 1. 000 1.000 0.333 0.200 0.500 :.000 

Do you want to change data in the above ma:=ix ? 'i or N ? N 

Please wa it 

The matrix just entered Is stored In a file named PARA9.LIQ 

Press the RETURN key to continue 
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PARAMETER 10 Power source 

Do you want to use data from an existing file ? 'f or N ? 'f 

Name of the existing file is ? PARA10. LIQ 

The decision variable ma tr i x is : 

1. 000 1.000 1.000 1.000 1. 000 1.000 1. 000 1. 000 
1.000 1. 000 1. 000 1. 000 1. 000 1.000 1. 000 1.000 
1.000 1. 000 1.000 1.000 1. 000 1. 000 1. 000 1. 000 
1. 000 1.000 1. 000 1. 000 1.000 1. 000 1. 000 1. 000 
1. 000 1.000 1.000 1.000 1.000 1. 000 1. 000 1. 000 
1.000 1.000 1.000 1. 000 1. 000 1. 000 1. 000 1. 000 
1. 000 1.000 1.000 1.000 1. 000 1.000 1. 000 1. 000 
1. 000 1. 000 1.000 1. 000 1.000 1. 000 1. 000 1. 000 

Do you want to change data in the above matrix ? 'f or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARA10.LIQ 

Press the RETURN key to continue 

PARAMETER 11 Availability of local material 

Do you want to use data from an existing file ? 'f or N ? 'f 

Name of the existing file is ? PARA11.LIQ 

The decision variable matrix is : 

1.000 1.000 2.000 4.000 2.000 1. 000 2.000 3.000 
1.000 1. 000 1.000 4.000 1. 000 1.000 1. 000 3.000 
0.500 1. 000 1. 000 3.000 1. 000 1. 000 1. 000 2.000 
0.250 0.250 0.333 1. 000 0.333 0.333 0.500 1. 000 
0.500 1. 000 1.000 3.000 1. 000 1. 000 2.000 3.000 
1. 000 1. 000 1.000 3.000 1. 000 1.000 2.000 3.000 
0.500 1. 000 1.000 2.000 0.500 0.500 1. 000 2.000 
0.333 0.333 0.500 1.000 0.333 0.333 0.500 1. 000 

Do you want to change data in the above matrix ? 'f or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARA11.LIQ 

Press the RETURN key to continue 
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PARAMETER 12 Cost of operation & mainte~ance 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA12.LIQ 

The decision variable matrix is : 

1.000 3.000 4.000 5.000 3.000 3.000 3.000 5.000 
0.333 1.000 2.000 4.000 1.000 1.000 1.000 4.000 
0.250 0.500 1.000 3.000 0.500 0.500 0.500 3.000 
0.200 0.250 0.333 1.000 0.333 0.333 0.333 1.000 
0.333 1.000 2.000 3.000 1.000 1.000 1.000 3.000 
0.333 1.000 2.000 3.000 1.000 1.000 1.000 3.000 
0.333 1.000 2.000 3.000 1.000 1.000 1.000 3.000 
0.200 0.250 0.333 1.000 0.333 0.333 0.333 1.000 

Do you want to change data in the above ~~rix? Y or N ? N 

Please wai t 

The matrix just entered is stored in a f::~ named PARA12.LIQ 

Press the RETURN key to continue 

PARAMETER 13 Professional skill avai lable for operation 
maintenance 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA13.LIQ 

The decision variable matrix is : 

1.000 1. 000 2.000 5.000 1. 000 3.000 2.000 3.000 
1. 000 1.000 2.000 4.000 1.000 2.000 2.000 2.000 
0.500 0.500 1;000 3.000 0.333 1.000 0.500 1. 000 
0.200 0.250 0.333 1. 000 0.200 0.333 0.250 0.333 
1.000 1. 000 3.000 5.000 1. 000 3.000 2.000 3. 000 
0.333 0.500 1.000 3.000 0.333 1. 000 0.500 :.000 
0.500 0.500 2.000 4.000 0.500 2.000 1. 000 2. 000 
0.333 0.500 1.000 3.000 0.333 1. 000 0.500 ~.OOO 

Do you want to change data in the above !II2:rix ? Y or N 7 N 

Please wait ..... 
The matrix just entered is stored in a file named PARA13.LIQ 

Press the RETURN key to continue 
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PARAMETER 14 Local technical skill available for operation 
& maintenance 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is 7 PARA14.LIQ 

The decision variable matrix is : 

1.000 2.000 3.000 6.000 2.000 4.000 3.000 4.000 
0.500 1.000 3.000 5.000 2.000 3.000 3.000 3.000 
0.333 0.333 1.000 3.000 0.333 1.000 0.500 1.000 
0.167 0.200 0.333 1.000 0.200 0.333 0.250 0.333 
0.500 0.500 3.000 5.000 1.000 3.000 2.000 3.000 
0.250 0.333 1.000 3.000 0.333 1.000 0.500 1.000 
0.333 0.333 2.000 4.000 0.500 2.000 1.000 2.000 
0.250 0.333 1.000 3.000 0.333 1.000 0.500 1.UOO 

Do you want to change data in the above matrix 7 Y or N 7 N 

Please wait 

The matrix just entered is stored in a :i:e named PARA14.LIQ 

Press the RETURN key to continue 

PARAMETER 15 Administration set-up 

Do you .... ant to use data from an existing file ? Y or N 7 Y 

Name of the existing file is ? PARAI5.LIQ 

The decision variable matrix is : 

1. 000 1.000 2.000 4.000 1. 000 3.000 2.000 2.000 
1.000 1. 000 2.000 4.000 1.000 3.000 2.000 2.000 
0.500 0.500 1.000 3.000 0.500 2.000 1. 000 1. 000 
0.250 0.250 0.333 1.000 0.250 0.500 0.333 0.333 
1.000 1. 000 2.000 4.000 1. 000 3.000 2.000 2.000 
0.333 0.333 0.500 2.000 0.333 1.000 0.500 0.500 
0.500 0.500 1.000 3.000 0.500 2.000 1.000 1. 000 
0.500 0.500 1.000 3.000 0.500 2.000 1. 000 1. 000 

Do you .... ant to change data in the above matrix? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARAI5.LIQ 

Press the RETURN key to continue 
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PARAMETER 16 Training 

Do you .... ant to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA16.LIQ 

The decision variable matrix is : 

1.000 3.000 5.000 9.000 3.000 5.000 3.000 1. 000 
0.333 1. 000 3.000 7.000 1. 000 3.000 1.000 5.000 
0.200 0.333 1.000 5.000 0.333 1. 000 0.500 3.000 
0.111 0.143 0.200 1.000 0.143 0.200 0.143 0.333 
0.333 1. 000 3.000 7.000 1.000 3.000 1. 000 5.000 
0.200 0.333 1. 000 5.000 0.333 1. 000 0.333 3.000 
0.333 1. 000 2.000 7.000 1.000 3.000 1. OGO 5.000 
0.143 0.200 0.333 3.000 0.200 0.333 0.200 1. 000 

Do you .... ant to change data in the above matrix ? Y or N ? N 

Please .... ait ..... 
The matrix just entered is stored in a file named PARA16.LIQ 

Press the RETURN key to continue 

PARAMETER 17 Professional ethics 

Do you .... ant to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA17.LIQ 

The decision variable matrix is : 

1.000 2.000 4.000 7.000 2.000 4.000 2.000 5.000 
0.500 1.000 3.000 6.000 1.000 3.000 1.000 4.000 
0.250 0.333 1.000 4.000 0.500 1.000 0.500 2.000 
0.143 0.167 0.250 1.000 0.200 0.333 0.200 0.500 
0.500 1.000 2.000 5.000 1.000 3.000 1.000 4.000 
0.250 0.333 1.000 3.000 0.333 1.000 0.500 l.OOO 
0.500 1.000 2.000 5.000 1.000 2.000 1.000 3.000 
0.200 0.250 0.500 2.000 0.250 1.000 0.333 1.000 

Do you .... ant to change data in the above matrix? Y or N ? N 

Please .... ait 

The matrix just entered is stored in a file named PARA17.LIQ 

Press the RETURN key to continue 
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PARAMETER 18 Climate 

Do you want to use data from an existing file ? 'f or N ? Y 

Name of the existing file is ? PARA18. LIQ 

The decision variable matrix is : 

1. 000 1. 000 2.000 2.000 2.000 5.000 2.000 2. 000 
1. 000 1. 000 2.000 2.000 2.000 5.000 2.000 2.000 
0.500 0.500 1.000 1. 000 1. 000 3.000 1. 000 1. 000 
0.500 0.500 1. 000 1. 000 1. 000 3.000 1. 000 1. 000 
0.500 0.500 1. 000 1.000 1. 000 3.000 1.000 1. 000 
0.200 0.200 0.333 0.333 0.333 1. 000 0.333 0.333 
0.500 0.500 1.000 1. 000 1. 000 3.000 1.000 1. 000 
0.500 0.500 1.000 1. 000 1. 000 3.000 1. 000 1. 000 

Do you want to change data in the above matr ix ? 'f or N ? N 

Please wait ..... 
The matrix just entered is stored in a fil: named PARA18.LIQ 

Press the RETURN key to continue· 

PARAMETER 19 Local water-borne diseases· 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA19.LIO 

The decision variable matrix is : 

1. 000 2.000 3.000 3.000 5.000 1. 000 3.000 3.000 
0.500 1. 000 2.000 2.000 4.000 0.500 2.000 2.000 
0.333 0.500 1. 000 1. 000 3.000 0.333 1. 000 1. 000 
0.333 0.500 1.000 1. 000 3.000 0.333 1. 000 1. 000 
0.200 0.250 0.333 0.333 1.000 0.200 0.333 0.333 
1.000 2.000 3.000 3.000 5.000 1.000 3.000 3.000 
0.333 0.500 1. 000 1.000 3.000 0.333 1. 000 1. 000 
0.333 0.500 1.000 1. 000 3.000 0.333 1. 000 1. 000 

Do you want to change data in the above matrix ? 'f or N ? N 

Please wai t ..... 
The matrix just entered is stored in a file named PARA19.LIQ 

Press the RETURN key to continue 
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PARAMETER 20 Endemic vector-borne (water-related) diseases 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA20.LIO 

The decision variable matrix is : 

1.000 1.000 0.333 0.333 0.333 2.000 0.333 0.333 
1.000 1.000 0.333 0.333 0.333 2.000 0.333 0.333 
3.000 3.000 1.000 1.000 1.000 3.000 1.000 1.000 
3.000 3.000 1.000 1.000 1.000 3.000 1.000 1.000 
3.000 3.000 1.000 1.000 1.000 3.000 1.000 1.000 
0.500 0.500 0.333 0.333 0.333 1.000 0.333 0.333 
3.000 3.000 1.000 1.COO 1.000 3.000 1.000 1.000 
3.000 3.000 1.000 1.000 1.000 3.000 1.000 1.000 

Do you want to change data in the above ma:rix? Y or N ? N 

Please wait 

The matrix just entered is stored in a fi:~ named PARA20.LIQ 

You have already entered all the necessary data 

Press the RETURN key to continue 

Please wait. Calculation of the ranking of the alternatives 
is in process. 

The ranking is 

Alternative 1 
Alternative 2 
Alternative 3 
Alternative 4 
Alternative 5 
Alternative 6 
Alternative 7 
Alternative 8 

RANKING IN '\ 

100 
87.95443 
70.46707 
60.0522 
67.94486 
60.55442 
75.00223 
66.6338 
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8.2 computer RUD fgr eattaya south STP (Tha!iand) 

This section must be read in conjunc~ion W'ith Section 7.4 of 

Chapter 7. The folloW'ing is a record of run~ing the model. 

RANKING OF LIQUID TREATMENT ALTERNATIVES 

Order of decision variable matrix is n x n W'here n = 12 

PARAMETER 1 : FloW' 

~o you W'ant to use data from an existing fi~~? Y or N ? Y 

Name of the existing file is ? PARAl.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 2.000 2.000 2.000 3.000 2.000 1.000 2.000 2.000 2.000 
1.000 1.000 1.000 2.000 2.000 2.000 3.000 2.000 1.000 2.000 2.000 2.000 
1.000 1.000 1.000 2.000 2.000 2.000 3.000 2.000 1.000 2.000 2.000 2.000 
0.500 0.500 0:500 1.000 1.000 1.000 2.000 1.000 0.500 1.000 1.000 1.000 
0.500 0.500 0.500 1.000 1.000 1.000 2.000 1.000 0.500 1.000 1.000 1.000 
0.500 0.500 0.500 1.000 1.000 1.000 2.00Q 1.000 0.500 1.000 1.000 1.000 
0.333 0.333 0.333 0.500 0.500 0.500 1.000 0.500 0.333 0.500 0.500 0.500 
0.500 0.500 0.500 1.000 1.000 1.000 2.000 1.0~O 0.500 1.000 1.000 1.000 
1.000 1.000 1.000 2.000 2.000 2.000 3.000 2.0CO 1.000 2.000 2.000 2.000 
0.500 0.500 0.500 1.000 1.000 1.000 2.000 1.0~O 0.500 1.000 1.000 1.000 
0.500 0.500 0.500 1.000 1.000 1.000 2.000 1.0"0 0.500 1.000 1.000 1.000 
0.500 0.500 0.500 1.000 1.000 1.000 2.000 1.000 0.500 1.000 1.000 1.000 

D~ you W'ant to change data in the above matrix? Y or N ? N 

Please W'ait 

The matrix just entered 1s stored in a file na~d 'PARA1.LIQ' 

Press the RETURN key to continue 
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PARAMETER 2 : Influent / Effluent 

Do you want to use data from an existing file' Y or N ? Y 

Name of the existing file is ? PARA2.LIQ 

The decision variable ma tr i x is : 
1.000 0.500 1.000 0.500 0.500 0.333 0.333 9.000 0.333 0.333 0.500 0.333 
2.000 1. 000 2.000 1.000 1. 000 0.500 0.500 9.000 0.500 0.500 1.000 0.500 
1.000 0.500 1. 000 0.500 0.500 0.333 0.333 9.000 0.333 0.333 0.500 0.333 
2.000 1. 000 2.000 1.000 1. 000 0.500 0.500 9.000 0.500 0.500 1. 000 0.500 
2.000 1. 000 2.000 1. 000 1. 000 0.500 0.500 9.000 0.500 0.500 1.000 0.500 
3.000 2.000 3.000 2.000 2.000 1. 000 1. 000 9.000 1. 000 1.000 2.000 1.000 
3.000 2.000 3.000 2.000 2.000 1.000 1. 000 9.000 1.000 1. 000 2.000 1.000 
0.111 0.111 0.111 0.111 0.111 0.111 0.111 1.000 0.111 0.111 0.111 0.111 
3.000 2.000 3.000 2.000 2.000 1.000 1. 000 9.000 1.000 1. 000 2.000 1.000 
.;.000 2.000 3.000 2.000 2.000 1.000 1. 000 9.000 1.000 1.000 2.000 1.000 
2.000 1.000 2.000 1. 000 1.000 0.500 0.500 9.000 0.500 0.500 1. 000 0.500 
3.000 2.000 3.000 2.000 2.000 1.000 1.000 9.000 1.000 1.000 2.000 1.000 

Do you want to change data in the above matrix ? Y or N ? N 

?lease wait 
7he matrix just entered is stored in a file na::ed PARA2.LIQ 

?ress the RETURN key to continue 

PARAMETER 3 : Size of site 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA3.LIQ 

The decision variable matrix is : 
1. 000 1. 000 1.000 1. 000 0.200 0.111 0.111 0.111 1. 000 0.111 0.200 0.111 
1.000 1. 000 1.000 1. 000 0.200 0.111 0.111 0.111 1. 000 0.111 0.200 0.111 
1.000 1. 000 1.000 1.000 0.200 0.111 0.111 0.111 1. 000 0.111 0.200 0.111 
1.000 1.000 1.000 1.000 0.200 0.111 0.111 0.111 1.000 0.111 0.200 0.111 
5.000 5.000 5.000 5.000 1.000 0.200 0.200 0.200 7.000 0.200 1. 000 0.200 
9.000 9.000 9.000 9.000 5.000 1. 000 1.000 1. 000 9.000 1. 000 5.000 1.000 
9.000 9.000 9.000 9.000 5.000 1.000 1. 000 1.000 9.000 1.000 5.000 1.000 
9.000 9.000 9.000 9.000 5.000 1. 000 1.000 1. 000 9.000 1.000 5.000 1.000 
1.000 1. 000 1.000 1.000 0.143 0.111 0.111 0.111 1. 000 0.111 0.111 0.111 
9.000 9.000 9.000 9.000 5.000 1.000 1. 000 1. 000 9.000 1.000 5.000 1. 000 
5.000 5.000 5.000 5.000 1. 000 0.200 0.200 0.200 9.000 0.200 1. 000 0.200 
9.000 9.000 9.000 9.000 5.000 1. 000 1. 000 1. 000 9.000 1.000 5.000 1.000 

D~ you want to change data in the above matrix? Y or N ? N 

Please wait 
The matrix just entered is stored in a file named PARA3.LIQ 

Press the RETURN key to continue 
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PARAMETER 4 : Nature of site 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA4.LIQ 

The decision variable matrix is : 
1.000 1.000 1.000 0.200 0.200 0.111 0.111 0.111 3.000 0.111 0.200 0.111 
1.000 1. 000 1. 000 0.200 0.200 0.111 0.111 0.111 3.000 0.111 0.200 0.111 
1. 000 1.000 1. 000 0.200 0.200 0.111 0.111 0.111 3.000 0.111 0.200 0.111 
5.000 5.000 5.000 1. 000 1.000 0.200 0.200 0.200 7.000 0.200 1.000 0.200 
5.000 5.000 5.000 1. 000 1. 000 0.200 0.200 0.200 7.000 0.200 1.000 0.200 
9.000 9.000 9.000 5.000 5.000 1.000 1.000 1. 000 9.000 1.000 5.000 1.000 
9.000 9.000 9.000 5.000 5.000 1. 000 1.000 1. 000 9.000 1.000 5.000 1.000 
9.000 9.000 9.000 5.000 5.000 1. 000 1.000 1. 000 9.000 1.000 5.000 1.000 
0.333 0.333 0.333 0.143 0.143 0.111 0.111 0.111 1.000 0.111 0.143 0.111 
9.000 9.000 9.000 5.000 5.000 1. 000 1. 000 1.000 9.000 1.000 5.000 1. 000 
5.000 5.000 5.000 1. 000 1.000 0.200 0.200 0.200 7.000 0.200 1.000 0.200 
9.000 9.000 9.000 5.000 5.000 1. 000 1.000 1.000 9.000 1.000 5.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wa i t 
The matrix just entered is stored in a file ~3med PARA4.LIQ 

?ress the RETURN key to continue 

PARAMETER 5 : Land cost 

Do you want to use data from an existing file ? Y or N '? Y 

Name of the existing file is ? PARA5.LIQ 

The decision variable matrix is : 
1.000 0.333 0.500 0.250 0.200 0.167 0.143 0.125 2.000 0.143 0.250 0.200 
3.000 1.000 3.000 0.333 0.250 0.200 0.167 0.143 4.000 0.167 0.250 0.200 
2.000 0.333 1. 000 0.333 0.250 0.200 0.167 0.143 3.000 0.167 0.250 0.200 
4.000 3.000 3.000 1. 000 0.500 0.250 0.200 0.167 5.000 0.200 0.500 0.500 
5.000 4.000 4.000 2.000 1.000 0.333 0.250 0.200 6.000 0.250 1. 000 1.000 
6.000 5.000 5.000 4.000 3.000 1. 000 0.333 0.250 7.000 0.333 3.000 2.000 
7.000 6.000 6.000 5.000 4.000 3.000 1.000 0.500 8.000 1.000 4.000 3.000 
8.000 7.000 7.000 6.000 5.000 4.000 2.000 1.000 9.000 2.000 5.000 4.000 
0.500 0.250 0.333 0.200 0.167 0.143 0.125 o .Hl 1.000 0.125 0.200 0.167 
7.000 6.000 6.000 5.000 4.000 3.000 1.000 0.500 8.000 1.000 5.000 4.000 
4.000 4.000 4. 000 2.000 1.000 0.333 0.250 0.200 5.000 0.200 1.000 0.500 
5.000 5.000 5.000 2.000 1.000 0.500 0.333 0.250 6.000 0.250 2.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 
The matrix just entered is stored in a file named PARA5.LIQ 

Press the RETURN key to continue 
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PARAMETER 6 : Local money for construction 

~o you want to use data from an existing file? Y or N ? Y 

~ame of the existing file is ? PARA6.LIQ 

The decision variable matrix is : 
1.000 2.000 2.000 4.000 4.000 5.000 7.000 2.000 2.000 3.000 2.000 5.000 
0.500 1.000 1.000 3.000 3.000 4.000 6.000 1.000 1.000 2.000 1.000 4.000 
0.500 1.000 1.000 3.000 3.000 4.000 6.000 1.000 1.000 2.000 1.000 4.000 
0.250 0.333 0.333 1.000 1.000 2.000 4.000 0.333 0.333 0.500 0.333 2.000 
0.250 0.333 0.333 1.000 1.000 2.000 4.000 0.333 0.333 0.500 0.333 2.000 
0.200 0.250 0.250 0.500 0.500 1.000 3.000 0.250 0.250 0.333 0.250 1.000 
0.143 0.167 0.167 0.250 0.250 0.333 1.000 0.167 0.167 0.200 0.167 0.333 
0.500 1.000 1.000 3.000 3.000 4.000 6.000 1.000 1.000 2.000 1.000 4.000 
0.500 1.000 1.000 3.000 3.000 4.000 6.000 1.000 1.000 2.000 1.000 4.000 
0.333 0.500 0.500 2.000 2.000 3.000 5.000 0.500 0.500 1.000 0.500 3.000 
:.500 1.000 1.000 3.000 3.000 4.000 6.000 1.000 1.000 2.000 1.000 4.000 
0.200 0.250 0.250 0.500 0.500 1.000 3.000 0.250 0.250 0.333 0.250 1.000 

Do you want to change data in the above matrix? Y or N ? N 

?lease wait 
7he matrix just entered is stored in a file named PARA6.LIQ 

Fress the RETURN key to continue 

PARAMETER 7 : Foreign money for construction 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA7.LIQ 

The decision variable matrix is : 
1.000 3.000 3.000 5.000 5.000 7.000 9.000 3.000 3.000 5.000 4.000 7.000 
0.333 1.000 1. 000 3.000 3.000 5.000 7.000 1. 000 1. 000 3.000 2.000 5.000 
C.333 1.000 1. 000 3.000 3.000 5.000 7.0CO 1.0eo 1.000 3.000 2.000 5.000 
0.200 0.333 0.333 1.000 1.000 3.000 5.000 0.333 0.333 1.000 0.500 3.000 
0.200 0.333 0.333 1.000 1.000 3.000 5.000 0.333 0.333 1. 000 0.500 3.000 
0.143 0.200 0.200 0.333 0.333 1.000 3.000 o . 200 0.200 0.333 0.250 1.000 
0.111 0.143 0.143 0.200 0.200 0.333 1.000 0.143 0.143 0.200 0.167 0.333 
o . 333 1. 000 1. 000 3.000 3.000 5.000 7.000 1.000 1.000 3.000 2.000 5.000 
C . 333 1. 000 1. 000 3.000 3.000 5.000 7.000 1.000 1. 000 3.000 2.000 5.000 
C.200 0.333 0.333 1. 000 1.000 3.000 5.000 0.333 0.333 1.000 0.500 3.000 
0.250 0.500 0.500 2.000 2.000 4.000 6.000 0.500 0.500 2.000 1. 000 4.000 
0.143 0.200 0.200 0.333 0.333 1. 000 3.000 0.200 0.200 0.333 0.250 1. 000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 
The matrix just entered is stored in a file named PARA7.LIQ 

Press the RETURN key to continue 
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?~AMETER 8 : Local sk ill for construction 

Do you want to use data from an existing f lle ? Y or N ? Y 

Same of the existing file is ? PARA8. LIQ 

The decision variable matrix is : 
1. 000 1. 000 1.000 1.000 1. oeo 3.000 5.000 1. 000 1. 000 1. 000 1. 000 3.000 
1. 000 1.000 1. 000 1.000 1. 000 3.000 5.000 1.000 1.000 1. 000 1. 000 3.000 
1.000 1.000 1. 000 1. 000 1. 000 3.000 5.000 1.000 1.000 1. 000 1. 000 3.000 
1. 000 1.000 1.000 1. 000 1.000 3.000 5.000 1. 000 1. 000 1. 000 1. 000 3.000 
1.000 1. 000 1.000 1. 000 1.000 3.000 5.000 1.000 1.000 1.000 1.000 3.000 
0.333 0.333 0.333 0.333 0.333 1. 000 3.000 O. 333 0.333 0.333 0.333 1. 000 
0.200 0.200 0.200 0.200 0.200 0.333 1.000 0.200 0.200 0.200 0.200 0.333 
1.000 1.000 1.000 1. 000 1. 000 3.000 5.000 1.000 1. 000 1. 000 1.000 3.000 
1.000 1. 000 1.000 1.000 1.000 3.000 5.000 1.000 1. 000 1.000 1. 000 3.000 
1.000 1. 000 1. 000 1. 000 1.000 3.000 5.000 1.000 1. 000 1.000 1. 000 3.000 
::'.000 1.000 1.000 1.000 1. 000 3.000 5.000 1.0·JO 1.000 1.000 1. 000 3.000 
0.333 0.333 0.333 0.333 0.333 1.000 3.000 o .333 0.333 0.333 0.333 1.000 

Do you want to change data in the above matrix? Y or N 7 N 

Please wait 
~he matrix just entered is stored in a file n:med PARA8.LIQ 

Press the RETURN key to continue 

PARAMETER 9 : Community support 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA9.LIQ 

The decision variable matrix is : 
1.000 1.000 1.000 1.000 1.000 1. 000 3.000 1.000 1. 000 1. 000 1. 000 1.000 
1.000 1. 000 1.000 1. 000 1.000 1. 000 3.000 1. 000 1.000 1.000 1.000 1.000 
1.000 1. 000 1.000 1.000 1.000 1. 000 3.000 1.000 1. 000 1. 000 1.000 1.000 
1.000 1.000 1. 000 1.000 1.000 1. 000 3.000 1.000 1.000 1.000 1.000 1.000 
1.000 1. 000 1. 000 1. 000 1. 000 1. 000 3.000 1.000 1. 000 1.000 1.000 1. 000 
1.000 1. 000 1.000 1. 000 1. 000 1. 000 2. 000 1.000 1.000 1. 000 1. 000 1. 000 
0.333 0.333 0.333 0.333 0.333 0.500 1.000 0.333 0.333 0.333 0.333 0.333 
1.000 1.000 1. 000 1.000 1. 000 1.000 3.000 1.000 1. 000 1. 000 1.000 1.000 
1.000 1. 000 1.000 1.000 1.000 1. 000 3.000 1. DC,) 1. 000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 3.000 1. 000 1.000 1. 000 1.000 1. 000 
1.000 1.000 1. 000 1. 000 1.000 1. 000 3.000 1. 000 1. 000 1.000 1.000 1. 000 
1. 000 1.000 1. 000 1.000 1. 000 1. 000 3.000 1. 000 1.000 1. 000 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARA9.LIQ 

Press the RETURN key to continue 
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P .\R AMETER la : Power source 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA10.LIQ 

The decision variable matrix is : 
1. 000 1. 000 1. 000 1.000 1.000 1. 000 1.000 1.000 1.000 1. 000 1. 000 1. 000 
1.000 1.000 1. 000 1. 000 1.000 1.000 1. 000 1. 000 1. 000 1. 000 1. 000 1.000 
1. 000 1.000 1. 000 1. 000 1.000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 
1.000 1.000 1.000 1. 000 1.000 1. 000 1.000 1. 000 1. 000 1. 000 1. 000 1. 000 
1.000 1.000 1.000 1.000 1. 000 1.000 1.000 1. 000 1. 000 1. 000 1. 000 1. 000 
1.000 1. 000 1.000 1. 000 1.000 1. 000 1. 000 1. 000 1.000 1.000 1.000 1. 000 
1. 000 1. 000 1. 000 1.000 1.000 1. 000 1. 000 1. 000 1.000 1.000 1.000 1. 000 
1.000 1. 000 1. 000 1. 000 1.000 1. 000 1. 000 1. 000 1.000 1. 000 1. 000 1.0nO 
1.000 1. 000 1. 000 1. 000 1.000 1. 000 1. 000 1. 000 1.000 1. 000 1.00~ 1. 000 
1. 000 1. 000 1. 000 1.000 1.000 1.000 1. 000 1.000 1.000 1. 000 1. 000 1.000 
1.000 1.000 1.000 1.000 1.000 1. 000 1.000 1.000 1.000 1. 000 1. 000 1. 000 
1.000 1. 000 1. 000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a file na~ed PARA10.LIQ 

Press the RETURN key to continue 

PARAMETER 11 : Availability of local material 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA11.LIQ 

The decision variable matr ix is : 
1.000 2.000 2.000 2.000 2.000 5.000 6.000 2.000 2.000 2.000 2.000 4. 000 
0.500 1.000 1. 000 1.000 1.000 4. 000 5.000 1.000 1.000 1. 000 1. 000 3.000 
0.500 1.000 1. 000 1. 000 1.000 4.000 5.000 1. 000 1.000 1.000 1. 000 3.000 
0.500 1. 000 1. 000 1.000 1.000 3.000 4.000 1. 000 1.000 1. 000 1. 000 2.000 
0.500 1. 000 1.000 1. 000 1.000 3.000 4.000 1. 000 1. 000 1.000 1. 000 2.000 
0.200 0.250 0.250 0.333 0.333 1. 000 2.000 0.250 0.250 0.333 0.333 1.000 
0.167 0.200 0.200 0.250 0.250 0.500 1. 000 0.200 0.200 0.250 0.250 0.333 
0.500 1.000 1. 000 1.000 1.000 4.000 5.000 1. 000 1.000 1. 000 1.000 3.000 
0.500 1. 000 1. 000 1.000 1.000 4.000 5.000 1. 000 1.000 1. 000 1.000 3.000 
0.500 1.000 1.000 1.000 1.000 3.000 4. 000 1. 000 1.000 1. 000 1. 000 3.000 
0.500 1.000 1.000 1.000 1.000 3.000 4.000 1.000 1. 000 1.000 1. 000 3.000 
0.250 0.333 0.333 0.500 0.500 1.000 3.000 0.333 0.333 0.333 0.333 1. 000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 
The matrix just entered is stored in a file named PARA11.LIQ 

Press the RETURN key to continue 
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?ARAMETER 12 : Cost of operation & maintenance 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA12.LIQ 

The deCision variable matrix is : 
1.000 3.000 2.000 3.000 3.000 6.000 8.000 2.000 2.000 3.000 3.000 5.000 
0.333 1.000 0.500 1.000 1.000 4.000 6.000 0.500 0.500 1.000 1.000 4.000 
0.500 2.000 1.000 2.000 2.000 5.000 7.000 1.000 1.000 2.000 2.000 5.000 
0.333 1.000 0.500 1.000 1.000 4.000 6.000- 0.500 0.500 1.000 1.000 4.000 
0.333 1.000 0.500 1.000 1.000 4.000 6.000 0.500 0.500 1.000 1.000 4.000 
0.167 0.250 0.200 0.250 0.250 1.000 3.000 0.200 0.200 0.250 0.250 1.000 
0.125 0.167 0.143 0.167 0.167 0.333 1.000 0.143 0.143 0.167 0.167 0.333 
0.500 2.000 1.000 2.000 2.000 5.000 7.000 1.000 1.000 2.000 2.000 5.000 
0.500 2.000 1.000 2.000 2.000 5.000 7.000 1.000 1.000 2.000 2.000 5.000 
0.333 1.000 0.500 1.000 1.000 4.000 6.000 0.500 0.500 1.000 1.000 4.000 
0.333 1.000 0.500 1.000 1.000 4.000 6.000 0.500 0.500 1.000 1.000 4.00C 
0.167 0.250 0.200 0.250 0.250 1.000 3.000 0.200 0.200 0.250 0.250 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 
~~e matrix just entered is stored in a file na~ed PARA12.LIQ 

Press the RETURN key to continue 

PARAMETER 13 : Professional ski 11 ava ilable for operation & maintenance 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARAl3 .LIQ 

The decision variable matrix is : 
1.000 1.000 1.000 2.000 3.000 5.000 7.000 2.000 3.000 2.000 2.000 3.000 
1.000 1.000 1. 000 2.000 3.000 5.000 7.000 2.000 3.000 2.000 2.000 3.000 
!..OOO 1.000 1. 000 2.000 3.000 5.000 7.000 2.000 3.000 2.000 2.000 3.000 
0.500 0.500 0.500 1. 000 2.000 4.000 6.000 1. 000 2.000 1. 000 1.000 2.000 
0.333 0.333 0.333 0.500 1. 000 3.000 5.000 0.500 1.000 0.500 0.500 1.000 
0.200 0.200 0.200 0.250 0.333 1. 000 3.000 0.250 0.333 0.250 0.250 0.333 
0.143 0.143 0.143 0.167 0.200 0.333 1. 000 0.167 0.200 0.167 0.167 0.200 
C.500 0.500 0.500 1. 000 2.000 4.000 6.000 1.000 2.000 1. 000 1. 000 2.000 
o . 333 0.333 0.333 0.500 1.000 3.000 5.000 0.50C 1. 000 0.500 0.500 1. 000 
o . 500 0.500 0.500 1. 000 2.000 4.000 6.000 1.00e 2.000 1.000 1. 000 2.000 
0.500 0.500 0.500 1.000 2.000 4.000 6.000 1. 000 2.000 1.000 1. 000 2.000 
0.333 0.333 0.333 0.500 1.000 3.000 5.000 0.500 1.000 0.500 0.500 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 
The matrix just entered is stored in a file named PARA13.LIQ 

Press the RETURN key to continue 
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PARAMETER 14 Local technical skill available for operation & 
maintenance 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA14 .LIQ 

The decision variable ma tr i x is : 
1.000 2.000 2.000 3.000 4.000 6.000 8.000 3.000 4.000 3.000 3.000 4.000 
0.500 1.000 1. 000 2.000 3.000 5.000 7.000 2.000 3.000 2.000 2.000 3.000 
0.500 1.000 1.000 2.000 3.000 5.000 7.000 2.000 3.000 2.000 2.000 3.000 
o . 333 0.500 0.500 1.000 2.000 4.000 6.000 1.000 2.000 1. 000 1.000 2.000 
0.250 0.333 0.333 0.500 1. 000 3.000 5.000 0.500 1.000 0.500 0.500 1. 000 
0.167 0.200 0.200 0.250 0.333 1. 000 3.000 0.250 0.333 0.250 0.250 0.333 
0.125 0.143 0.143 0.167 0.200 0.333 1. 000 0.167 0.200 0.167 0.167 0.200 
0.333 0.500 0.500 1. 000 2.000 4.000 6.000 1. 000 2.000 1. 000 1.000 2.000 
0.250 0.333 0.333 0.500 1.000 3.000 5.000 0.500 1.000 0.500 0.500 1. 000 
o . 333 0.500 0.500 1.000 2.000 4.000 6.000 1. 000 2.000 1.000 1. 000 2.000 
0.333 0.500 0.500 1.000 2.000 4.000 6.000 1.000 2.000 1. 000 1. 000 2.000 
C.250 0.333 0.333 0.500 1.000 3.000 5.000 0.500 1.000 0.500 0.500 1. 000 

Do you want to change data in the above matrix? Y or N ? N 

!>lease wait 
7he matrix just entered is stored in a file named PARA14.LIQ 

Press the RETURN key to continue 

PARAMETER 15 : Administration set-up 

Do you wan t to use data from an existing file ? Y or N 7 Y 

Name of the existing file is 7 PARA15.LIQ 

The decision variable matrix is : 
1.000 1. 000 1.000 2.000 2.000 5.000 7.000 2.000 4.000 2.000 2.000 3.000 
1.000 1. 000 1.000 2.000 2.000 5.000 7. 000 2.000 4.000 2.000 2.000 3.000 
1.000 1.000 1. 000 2.000 2.000 5.000 7.000 2.000 4.000 2.000 2.000 3.000 
0.500 0.500 0.500 1.000 2.000 4.000 6.000 1. 000 3.000 1. 000 1.000 2.000 
0.500 0.500 0.500 0.500 1. 000 4.000 6.000 1.000 3.000 1. 000 1. 000 2.000 
0.200 0.200 0.200 0.250 0.250 1. 000 3.000 0.250 0.500 0.250 0.250 0.333 
0.143 0.143 0.143 0.167 0.167 0.333 1. 000 0.167 0.250 0.167 0.167 0.200 
0.500 0.500 0.500 1. 000 1.000 4.000 6.000 1. 000 3.000 1. 000 1.000 2.000 
0.250 0.250 0.250 0.333 0.333 2.000 4.000 O. 333 1.000 0.333 0.333 0.500 
0.500 0.500 0.500 1.000 1.000 4.000 6.000 1. 000 3.000 1.000 1.000 2.000 
0.500 0.500 0.500 1. 000 1.000 4.000 6.000 1. 000 3.000 1. 000 1.000 2.000 
0.333 0.333 0.333 0.500 0.500 3.000 5.000 0.500 2.000 0.500 0.500 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 
The matrix just entered is stored in a file named PARA15.LIQ 

Press the RETURN key to continue 
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P ."<RAMETER 16 : Training 

Do you want to use data from an existing file ~ 'i or N ? Y 

Name of the existing file is ? PARA16.LIQ 

The decision variable matrix is : 
1. 000 2.000 2.000 2.000 2.000 4.000 6.000 2.000 3.000 2.000 2.000 3.000 
0.500 1. 000 1. 000 1. 000 1.000 3.000 5.000 1.000 2.000 1. 000 1.000 2.000 
0.500 1.000 1.000 1. 000 1.000 3.000 5.000 1.000 2.000 1. 000 1. 000 2.000 
0.500 1. 000 1. 000 1.000 1. 000 3.000 5.000 1.000 2.000 1. 000 1.000 2.000 
0.500 1.000 1. 000 1. 000 1. 000 3.000 5.000 1. 000 2.000 1. 000 1. 000 2.000 
0.250 0.333 0.333 0.333 0.333 1. 000 3.000 0.333 0.500 0.333 0.333 0.500 
0.167 0.200 0.200 0.200 0.200 0.333 1.000 0.200 0.250 0.200 0.200 0.250 
0.500 1. 000 1. 000 1. 000 1.000 3.000 5.000 1.000 3.000 1.000 1.000 3.000 
0.333 0.500 0.500 0.500 0.500 2.000 4.00J 0.333 1. 000 0.500 0.500 1. 000 
0.500 1.000 1.000 1.000 1. 000 3.000 5.000 1.000 2.000 1. 000 1.000 2.000 
0.500 1.000 1. 000 1.000 1.000 3.000 5.000 1. O'JO 2.000 1. 000 1.000 2.000 
o .333 0.500 0.500 0.500 0.500 2.000 4.000 o . 333 1.000 0.500 0.500 1. 000 

Do you want to change data in the above matrix? 'i or N ? N 

Please wait 
~he matrix just entered is stored in a file n3~ed PARA16.LIQ 

Press the RETURN key t~ continue 

PARAMETER 17 : Professional ethics 

Do you want to use data from an existing file ? 'i or N ? Y 

Name of the existing file is "1 PARA17.LIQ 

The decision variable matrix is : 
1.000 2.000 2.000 4.000 4.000 7.000 9.000 2.000 4.000 2.000 2.000 5.000 
0.500 1.000 1. 000 3.000 3.000 6.000 8.000 1. 000 3.000 1. 000 1. 000 4.000 
C.500 1. 000 1. 000 3.000 3.000 6.000 8.000 1.000 3.000 1. 000 1.000 4.000 
0.250 0.333 0.333 1.000 1. 000 4.000 6.000 0.500 1. 000 0.500 0.500 2.000 
0.250 0.333 0.333 1. 000 1.000 4.000 6.000 0.333 1. 000 0.333 0.333 3.000 
0.143 0.167 0.167 0.250 0.250 1. 000 3.000 0.167 0.250 0.167 0.167 0.333 
0.111 0.125 0.125 0.167 0.167 0.333 1.000 0.125 0.167 0.125 0.125 0.200 
0.500 1.000 1. 000 2.000 3.000 6.000 8.000 1.000 3.000 1. 000 1.000 4.000 
I) .250 0.333 0.333 1. 000 1. 000 4.000 6.000 o . 333 1.000 0.333 0.333 1.000 
'J.500 1.000 1. 000 2.000 3.000 6.000 8.000 1.000 3.000 1. 000 1. 000 4.000 
0.500 1.000 1. 000 2.000 3.000 6.000 8.000 1.000 3.000 1.000 1.000 4.000 
0.200 0.250 0.250 0.500 0.333 3.000 5.000 0.250 1.000 0.250 0.250 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 
The matrix just entered is stored in a file named PARA17.LIQ 

Press the RETURN key to continue 
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PARAMETER 18 : Cl imate 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA18.LIQ 

The decision variable matrix is : 
1.000 1.000 1. 000 3.000 3.000 2.000 2.000 2.000 5.000 2.000 2.000 2.00C 
1.000 1. 000 1. 000 3.000 3.000 2.000 2.000 2.000 5.000 2.000 2.000 2.000 
1.000 1. 000 1. 000 3.000 3.000 2.000 2.000 2.000 5.000 2.000 2.000 2.000 
0.333 0.333 0.333 1.000 1.000 0.500 0.500 0.500 3.000 0.500 0.500 0.500 
0.333 0.333 0.333 1. 000 1.000 0.500 0.500 0.500 3.000 0.500 0.500 0.500 
o .500 0.500 0.500 2.000 2.000 1. 000 1. 000 1.000 4.000 1. 000 1.000 1.000 
0.500 0.500 0.500 2.000 2.000 1.000 1.000 1.000 4.000 1. 000 1.000 1. 000 
0.500 0.500 0.500 2.000 2.000 1. 000 1.000 1.000 4.000 1. 000 1.000 1. 000 
0.200 0.200 0.200 0.333 0.333 J.2S0 0.250 0.250 1. 000 0.250 0.250 0.250 
0.500 0.500 0.500 2.000 2.000 1.000 1.000 1.000 4.000 1. 000 1.000 1.000 
o . 500 0.500 0.500 2.000 2.000 1. 000 1. 000 1.000 4.000 1. 000 1. 000 1.000 
o .500 0.500 0.500 2.000 2.000 1. 000 1. 000 1.000 4.000 1. 000 1. 000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 
'!'~e matrix just entered is stored in a file na::-,ed PARA18.LIQ 

Press the RETURN key to continue 

PARAMETER 19 : Local water-borne diseases 

Do you want to use data from an existing f lle ? Y or N ? Y 

!fame of the existing file is ? PARA19 .LIQ 

The decision variable matrix is : 
1.000 2.000 1.000 4.000 5.000 3.000 4.000 7.000 2.000 5.000 3.000 3.000 
0.500 1.000 0.500 3.000 4.000 2.000 3.000 6.000 1.000 4.000 2.000 2.000 
1.000 2.000 1.000 4.000 5.000 3.000 4.000 7.000 2.000 5.000 3.000 3.000 
0.250 0.333 0.250 1.000 2.000 1. 000 1. 000 5.000 0.333 2.000 0.500 0.500 
0.200 0.250 0.200 0.500 1. 000 0.500 0.500 4.000 0.250 1. 000 0.333 0.333 
0.333 0.500 0.333 1. 000 2.000 1. 000 2.000 5.000 0.333 3.000 0.500 0.500 
0.250 0.333 0.250 1. 000 2.000 0.500 1. 000 5.000 0.333 2.000 0.500 0.500 
0.143 0.167 0.143 0.200 0.250 0.200 0.200 1. 000 0.167 0.250 0.200 0.200 
0.500 1.000 0.500 3.000 4.000 3.000 3.000 6.000 1.000 4.000 3.000 3.000 
o . 200 0.250 0.200 0.500 1.000 0.333 0.500 4.000 0.250 1. 000 0.500 0.500 
0.333 0.500 0.333 2.000 3.000 2.000 2.000 5.000 0.333 2.000 1. 000 1.000 
0.333 0.500 0.333 2.000 3.000 2.000 2.000 5.000 0.333 2.000 1. 000 1. 000 

Do you want to change data in the above matrix? Y or N ? N 

Please .... ait 
The matrix just entered is stored in a file named PARA19.LIQ 

Press the RETURN key to continue 
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PARAMETER 20 : Endemic vector -borne (wa ter -re hted) diseases 

Do you want to use data from an existing file? Y or N ? Y 

Name of the eXisting file is ? PARA20.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 0.500 0.500 0.333 0.200 0.333 3.000 0.200 0.500 0.333 
1.000 1.000 1.000 0.500 0.500 0.333 0.200 0.333 3.000 0.200 0.500 0.333 
1.000 1.000 1.000 0.500 0.500 0.333 0.200 0.333 3.000 0.200 0.500 0.333 
2.000 2.000 2.000 1.000 1.000 0.500 0.250 0.500 4.000 0.250 1.000 0.50C 
2.000 2.000 2.000 1.000 1.000 0.500 0.250 0.500 4.000 0.250 1.000 0.500 
3.000 3.000 3.000 2.000 2.000 1.000 0.333 1.000 5.000 0.333 2.000 1.000 
5.000 5.000 5.000 4.000 4.000 3.000 1.000 3.000 7.000 1.000 4.000 3.000 
3.000 3.000 3.000 2.000 2.000 1.000 0.333 1.000 5.000 0.333 2.000 1.000 
0.333 0.333 0.333 0.250 0.250 0.200 0.143 0.200 1.000 0.143 0.250 0.200 
5.000 5.000 5.000 4.000 4.000 3.000 1.000 3.00; 7.000 1.000 4.000 3.000 
2.000 2.000 2.000 1.000 1.000 0.500 0.250 0.50J 4.000 0.250 1.000 0.500 
3.000 3.000 3.000 2.000 2.000 1.000 0.333 1.00~ 5.000 0.333 2.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

?lease wait 

The matrix just entered is stored in a file na~ed 'PARA20.LIQ' 

You have already entered all the 'necessary data 

Press the RETURN key to continue 

Please wait. Calculation of the ranking of the alternatives 
is in process. 

'The ranking is 

RANKING IN '\ 

Alternative 1 77.32462 
Alternative 2 66.4855 
Alternative 3 65.83235 
Al terna t i ve 4 50.38338 
Alternative 5 55.20052 
Al ternat i ve 6 84.51299 
Alternative 7 84.36512 
.1>.1 ternat i ve 8 82.55039 
Alternative 9 63.00436 
Alternative 10 100 
Alternative 11 63.26463 
Alternative 12 86.33479 
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8.3 Computer Run for Hin Shen STP (Taiwan) 

This section must be read in conjunction with Section 

7.5 of Chapter 7. The following is a rec~rd of running the 

model. 

RANKING OF LIQUID TREATMENT ALTERNATIVES 

Order of decision variable matrix is n x n .here n = 10 

PARAMETER 1 Flow 

Do you ~ant to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA1.LIQ 

The deciSion variable matrix is : 

1.000 0.500 0.500 0.500 0.500 3.000 0.500 0.500 3.000 3.000 
2.000 1.000 1.000 1.000 1.000 4.000 1.000 1.000 4.000 4.000 
2.000 1.000 1.000 1.000 1.000 4.000 1.000 1.000 4.000 4.000 
2.000 1.000 1.000 1.000 1.000 4.000 1.000 1.000 4.000 4.000 
2.000 1.000 1.000 1.000 1.000 4.000 1.000 1.000 4.000 4.000 
0.333 0.250 0.250 0.250 0.250 1.000 0.250 0.250 1.000 1.000 
2.000 1.000 1.000 1.000 1.000 4.000 1.000 2.000 4.000 4.000 
2.000 1.000 1.000 1.000 1.000 4.000 0.500 1.000 3.000 3.000 
0.333 0.250 0.250 0.250 0.250 1.000 0.250 0.333 1.000 1.000 
0.333 0.250 0.250 0.250 0.250 1.000 0.250 0.333 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait ..... 

The matrix just entered is stored in a file named 'PARA1.LIQ' 

Press the RETURN key to continue 
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PARAMETER 2 : Influent / Effluent 

Do you want to use data from an existing :ile? Y or N ? Y 

Name of the existing file is ? PARA2.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 0.500 0.500 0.500 0.500 1.000 0.500 0.500 
1.000 1.000 1.000 0.500 0.500 0.500 0.500 1.000 0.500 0.500 
1.000 1.000 1.000 0.500 0.500 0.500 0.500 1.000 0.500 0.500 
2.000 2.000 2.000 1.000 1.000 1.000 1.000 2.000 1.000 1.000 
2.000 2.000 2.000 1.000 1.000 1.000 1.000 2.000 1.000 1.000 
2.000 2.000 2.000 1.000 1.000 1.000 1.000 2.000 1.000 1.000 
2.000 2.000 2.000 1.000 1.000 1.000 1.000 2.000 1.000 1.000 
1.000 1.000 1.000 0.500 0.500 0.500 Q.500 1.000 0.500 0.500 
2.000 2.000 2.000 1.000 1.000 1.000 1.000 2.000 1.000 1.000 
2.000 2.000 2.000 1.000 1.000 1.000 1.000 2.000 1.000 1.000 

Do you want to change data in the above matrix? Y or N 7 N 

Please wait 

The matrix just entered is stored in a file named PARA2.LIQ 

Press the RETURN key to continue 

PARAMETER 3 : Size of site 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA3.LIQ 

The decision variable matrix is : 

1.000 0.200 0.200 0.111 0.111 0.111 0".111 0.333 0.111 0.111 
5.000 1.000 1.000 0.200 0.200 0.200 0.200 3.000 0.200 0.200 
5.000 1.000 1.000 0.200 0.200 0.200 0.200 3.000 0.200 0.200 
9.000 5.000 5.000 1.000 1.000 1.000 1.000 7.000 1.000 1.000 
9.000 5.000 5.000 1.000 1.000 1.000 1.000 7.000 1.000 1.000 
9.000 5.000 5.000 1.000 1.000 1.000 1.000 7.000 1.000 1.000 
9.000 5.000 5.000 1.000 1.000 1.000 1.000 7.000 1.000 1.000 
3.000 0.333 0.333 0.143 0.143 0.143 0.143 :.000 0.167 0.167 
9.000 5.000 5.000 1.000 1.000 1.000 1.000 5.000 1.000 1.000 
9.000 5.000 5.000 1.000 1.000 1.000 1.000 6.000 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARA3.LIQ 

Press the RETURN key to continue 
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PARAMETER 4 : Nature of site 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA4.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 0.333 0.200 0.200 0.250 1.000 0.250 0.200 
1.000 1.000 1.000 0.333 0.200 0.200 0.250 1.000 0.250 0.200 
1.000 1.000 1.000 0.333 0.200 0.200 0.250 1.000 0.250 0.200 
3.000 3.000 3.000 1.000 0.333 1.000 0.500 3.000 0.500 0.333 
5.000 5.000 5.000 3.000 1.000 1.000 2.000 5.000 4.000 1.000 
5.000 5.000 5.000 1.000 1.000 1.000 2.000 5.000 4.000 1.000 
4.000 4.000 4.000 2.000 0.500 0.500 1.000 4.000 1.000 0.500 
1.000 1.000 1.000 0.333 0."200 0.200 0.250 1.000 0.250 0.200 
4.000 4.000 4.000 2.000 0.250 0.250 1.000 4.000 1.000 0.500 
5.000 5.000 5.000 3.000 1.000 1.000 2.000 5.000 2.000 1.000 

Do you want to change data in the above ma:rix? Y or N ? N 

Please wait 

The matrix just entered is stored in a fil: named PARA4.LIQ 

Press the RETURN key to continue 

PARAMETER 5 : Land cost 

Do you want to use data from an existing file? Y or N ? Y 

• 
Name of the existing file is ? PARA5.LIQ 

The decision variable matrix is : 

1.000 0.333 0.333 0.200 0.111 0.111 0.143 C.500 0.250 0.143 
3.000 1.000 1.000 0.333 0.143 0.143 0.200 2.000 0.500 0.200 
3.000 1.000 1.000 0.333 0.143 0.143 0.200 2.000 0.500 0.200 
5.000 3.000 3.000 1.000 0.200 0.200 0.333 ~.ooo 2.000 0.333 
9.000 7.000 7.000 5.000 1.000 1.000 3.000 1.000 5.000 3.000 
9.000 7.000 7.000 5.000 1.000 1.000 3.000 7.000 5.000 3.000 
7.000 5.000 5.000 3.000 0.333 0.333 1.000 5.000 4.000 1.000 
2.000 0.500 0.500 0.250 0.143 0.143 0.200 :.000 0.333 0.167 
4.000 2.000 2.000 0.500 0.200 0.200 0.250 3.000 1.000 0.250 
7.000 5.000 5.000 3.000 0.333 0.333 1.000 6.000 4.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARA5.LIQ 

Press the RETURN key to continue 
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PARAMETER 6 : Local money for construction 

Do you want to use data from an existing :ile? Y or N ? Y 

Name of the existing file is 7 PARA6.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 2.000 3.000 5.000 1.000 1.000 2.000 3.000 
1.000 1.000 1.000 3.000 4.000 5.000 1.000 1.000 3.000 4.000 
1.000 1.000 1.000 3.000 4.000 5.000 1.000 1.000 3.000 4.000 
0.500 0.333 0.333 1.000 2.000 4.000 0.333 0.333 1.000 2.000 
0.333 0.250 0.250 0.500 1.000 3.000 0.250 0.250 0.500 1.000 
0.200 0.200 0.200 0.250 0.333 1.000 0.200 0.200 0.250 0.500 
1.000 1.000 1.000 3.000 4.000 5.000 1.000 1.000 3.000 4.000 
1.000 1.000 1.000 3.000 4.000 5.000 1.000 1.000 3.000 4.000 
0.500 0.333 0.333 1.000 2.000 4.000 0.333 0.333 1.000 2.000 
0.333 0.250 0.250 0.500 1.000 2.000 0.250 J.250 0.500 1.000 

Do you want to change data in the above ma:rix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARA6.LIQ 

Press the RETURN key to continue 

PARAMETER 7 : Foreign money for construction 

Do you want to use data from an existing file 7 Y or N ? Y 

Name of the existing file is 7 PARA7.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 1.000 2.000 2.000 1.000 :.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 2.000 1.000 :.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 2.000 1.000 1.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 2.000 1.000 1.000 1.000 2.000 
0.500 0.500 0.500 0.500 1.000 2.000 0.500 0.500 0.500 1.000 
0.500 0.500 0.500 0.500 0.500 1.000 0.500 0.500 0.500 1.000 
1.000 1.000 1.000 1.000 2.000 2.000 1.000 :.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 2.000 1.000 :.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 2.000 1.000 1.000 1.000 2.000 
0.500 0.500 0.500 0.500 1.000 1.000 0.500 0.500 0.500 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARA7.LIQ 

Press the RETURN key to continue 
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PARAMETER S : Local skill for construction 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARAS.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 1.000 1.000 2.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 2.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 2.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 2.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 2.000 1.000 1.000 1.000 1.000 
0.500 0.500 0.500 0.500 0.500 1.000 0.500 0.500 0.500 0.500 
1.000 1.000 1.000 1.000 1.000 2.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 2.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 2.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 2.000 1.000 1.000 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARAS.LIQ 

Press the RETURN key to continue 

PARAMETER 9 : Community support 

Do you want to use data from an existing file? Y or N ? Y 

Name of the eXisting file is ? PARA9.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 :.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARA9.LIQ 

Press the RETURN key to continue 
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PARAMETER 10 : Power source 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARAIO.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
l.obo 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 I.OOO 1.000 I.OOO I.OOO 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 I.OOO 1.000 1.000 1.000 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARAIO.LIQ 

Press the RETURN key to continue 

PARAMETER 11 : Availability of local material 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARAlI.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 I.OOO I.OOO I.OOO 1.000 1.000 I.OOO I.OOO 
1.000 I.OOO 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 I.OOO I.OOO 1.000 1.000 1.000 1.000 
I.OOO 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 l.OOO 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 l.OOO 1.000 1.000 
1.000 I.OOO 1.000 1.000 1.000 1.000 1.000 l.OOO 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARAll.LIQ 

Press the RETURN key to continue 
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PARAMETER 12 : Cost of operation & mainte~ance 

Do you want to use data from an existing :ile? Y or N 7 Y 

Name of the existing file is 7 PARA12.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 2.000 3.000 4.000 1.000 2.000 3.000 3.000 
1.000 1.000 1.000 2.000 3.000 4.000 1.000 2.000 3.000 3.000 
1.000 1.000 1.000 2.000 3.000 4.000 1.000 2.000 3.000 3.000 
0.500 0.500 0.500 1.000 2.000 3.000 0.500 1.000 2.000 2.000 
0.333 0.333 0.333 0.500 1.000 2.000 0.333 0.500 1.000 1.000 
0.250 0.250 0.250 0.333 0.500 1.000 0.250 0.333 0.500 0.500 
1.000 1.000 1.000 2.000 3.000 4.000 1.000 2.000 3.000 3.000 
0.500 0.500 0.500 1.000 2.000 3.000 0.500 1.000 2.000 2.000 
0.333 0.333 0.333 0.500 1.000 2.000 0.333 0.500 1.000 1.000 
0.333 0.333 0.333 0.500 1.000 2.000 0.333 0.500 1.000 1.000 

Do you want to change data in the above ma:rix 7 Y or N ? N 

Please wait 

The matrix just entered is stored in a fi:e named PARA12.LIQ 

Press the RETURN key to continue 

PARAMETER 13 : Professional skill availatle for operation & 
maintenance 

Do you want to use data from an existing tile 7 Y or N 7 Y 

Name of the existing file is ? PARA13.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 1.000 2.000 3.000 1.000 1.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 3.000 1.000 :.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 3.000 1.000 1.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 3.000 1.000 1.000 1.000 2.000 
0.500 0.500 0.500 0.500 1.000 2.000 0.500 0.500 0.500 1.000 
0.333 0.333 0.333 0.333 0.500 1.000 0.333 0.333 0.333 0.500 
1.000 1.000 1.000 1.000 2.000 3.000 1.000 :.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 3.000 1.000 :.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 3.000 1.000 :.000 1.000 2.000 
0.500 0.500 0.500 0.500 1.000 2.000 0.500 0.500 0.500 1.000 

Do you want to change data in the above ma:rix 7 Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARAI3.LIQ 

Press the RETURN key to continue 
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PARAMETER 14 : Local technical skill available for operation 
& maintenance 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA14.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 2.000 3.000 4.000 1.000 1.000 2.000 3.000 
1.000 1.000 1.000 2.000 3.000 4.000 1.000 1.000 2.000 3.000 
1.000 1.000 1,000 2.000 3.000 4.000 1.000 1.000 2.000 3.000 
0.500 0.500 0.500 1.000 2.000 3.000 0.500 0.500 1.000 2.000 
0.333 0.333 0.333 0.500 1.000 2.000 0.333 0.333 0.500 1.000 
0.250 0.250 0.250 0.333 0.500 1.000 0.250 0.250 0.333 0.500 
1.000 1.000 1.000 2.000 3.000 4.000 1.000 1.000 2.000 3.000 
1.000 1.000 1.000 2.000 3.000 4.000 1.000 1.000 2.000 3.000 
0.500 0.500 0.500 1.000 2.000 3.000 0.500 0.500 1.000 2.000 
0.333 0.333 0.333 0.500 1.000 2.000 0.333 0.333 0.500 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARA14.LIQ 

Press the RETURN key to continue 

PARAMETER 15 : Administration set-up 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA1S.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 1.000 2.000 3.000 1.000 1.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 3.000 1.000 1.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 3.000 1.000 1.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 3.000 1.000 1.000 1.000 2.000 
0.500 0.500 0.500 0.500 1.000 2.000 0.500 0.500 0.500 1.000 
0.333 0.333 0.333 0.333 0.500 1.000 0.333 0.333 0.333 0.500 
1.000 1.000 1.000 1.000 2.000 3.000 1.000 1.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 3.000 1.000 1.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 3.000 1.000 1.000 1.000 2.000 
0.500 0.500 0.500 0.500 1.000 2.000 0.500 0.500 0.500 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARA1S.LIQ 

Press the RETURN key to continue 
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PARAMETER 16 : Training 

Do you want to use data from an existing ~i1e? Y or N ? Y 

Name of the existing file is ? PARA16.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 1.000 1.000 3.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 3.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 3.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 3.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 3.000 1.000 1.000 1.000 1.000 
0.333 0.333 0.333 0.333 0.333 1.000 0.333 0.333 0.333 0.333 
1.000 1.000 1.000 1.000 1.000 3.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 3.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 3.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 3.000 1.000 1.000 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARA16.LIQ 

Press the RETURN key to continue 

PARAMETER 17 : Professional ethics 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA17.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 2.000 3.000 5.000 1.000 1.000 1.000 3.000 
1.000 1.000 1.000 2.000 3.000 4.000 1.000 1.000 1.000 3.000 
1.000 1.000 1.000 2.000 3.000 4.000 1.000 1.000 1.000 3.000 
0.500 0.500 0.500 1.000 2.000 3.000 0.500 0.500 0.500 2.000 
0.333 0.333 0.333 0.500 1.000 2.000 0.333 0.333 0.333 1.000 
0.200 0.250 0.250 0.333 0.500 1.000 0.200 0.200 0.250 0.500 
1.000 1.000 1.000 2.000 3.000 5.000 1.000 1.000 1.000 3.000 
1.000 1.000 1.000 2.000 3.000 5.000 1.000 1.000 1.000 3.000 
1.000 1.000 1.000 2.000 3.000 4.000 1.000 1.000 1.000 3.000 
0.333 0.333 0.333 0.500 1.000 2.000 0.333 0.333 0.333 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PA~A17.LIQ 

Press the RETURN key to continue 
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PARAMETER 18 : Climate 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA18.LIQ 

The decision variable matrix :s : 

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.00u 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARA18.Lla 

Press the RETURN key to continue 

PARAMETER 19 : Local water-borne diseases 

Do you want to use data from an existing file? Y or"N ? Y 

Name of the existing file is ? PARA19.LIQ 

The decision variable matrix is : 

1. 000 1. 000 1.000 0.500 0.500 0.500 1. 000 0.333 0.333 0.500 
1. 000 1. 000 1.000 0.500 0.500 0.500 1. 000 0.333 0.333 0.500 
1.000 1.000 1.000 0.500 0.500 0.500 1. 000 0.333 0.333 0.500 
2.000 2.000 2.000 1.000 1. 000 1.000 2.000 0.500 0.500 1.000 
2.000 2.000 2.000 1.000 1.000 1. 000 2.000 0.500 0.500 1. 000 
2.000 2.000 2.000 1.000 1.000 1.000 2.000 0.500 0.500 1.000 
1. 000 1.000 1. 000 0.500 0.500 0.500 1.000 0.333 0.333 0.500 
3.000 3.000 3.000 2.000 2.000 2.000 3.000 1. 000 1.000 2.000 
3.000 3.000 3.000 2.000 2.000 2.000 3.000 1. 000 1.000 2.000 
2.000 2.000 2.000 1. 000 1.000 1.000 2.000 0.500 0.500 1.000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARA19.LIQ 

Press the RETURN key to continue 
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PARAMETER 20 : Endemic vector-borne (wate:-related) diseases 

Do you want to use data from an existing :ile? Y or N ? Y 

Name of the existing file is ? PARA20.LIC 

The decision variable matrix is : 

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1:000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Do you want to change data in the above r.~:rix? Y or N ? N 

Please wait 

The matrix just entered is stored in a fi:e named PARA20.LIQ 

You have already entered all the necessarf data 

Press the RETURN key to continue 

Please wait. Calculation of the ranking of the alternatives 
is in process. 

The ranking is 

RANKING IN \ 

Alternative 1 59.66283 
Alternative 2 67.58635 
Alternative 3 67.58635 
Alternative 4 91.93332 
Alternative 5 95.66285 
Alternative 6 84.11186 
Alternative 7 100 
Al ternat i ve 8 65.81622 
Alternative 9 88.19032 
Alternative 10 85.22399 
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8.4 Compyter Ryn for Shat!n SIP (HQng Kong) 

8.4.1 General Selection 

This section must be read in conjunction with Section 

7.6 of Chapter 7. The following is a record of running the 

mode 1. 

RANKING OF LIQUID TREATMENT ALTERNATIVES 

Order of decision variable matrix is n x n where n = 8 

PARAMETER 1 Flow 

Do you want to use data from an eXisting file ? Y or N ? Y 
Name of the exIsting file is ? PARA1.LIQ 

The decision variable matrix is : 

1. 000 0.333 0.167 0.111 0.111 3.000 0.250 0.250 
3.000 1. 000 0.200 0.125 0.125 5.000 0.333 0.333 
6.000 5.000 1.000 0.333 0.333 7.000 0.500 0.500 
9.000 8.000 3.000 1. 000 1.000 9.000 5.000 5.000 
9.000 8.000 3.000 1. 000 1. 000 9.000 5.000 5.000 
0.333 0.200 0.143 0.111 0.111 1. 000 0.143 0.143 
4. 000 3.000 2.000 0.200 0.200 7.000 1.000 1. 000 
4.000 3.000 2.000 0.200 0.200 7.000 1. 000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait ..... 

The matrix just entered is stored in a file named 'PARA1.LIQ' 

Press the RETURN key to continue 

155 



PARAMETER 2 Influent I Effluent 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA2.LIQ 

The decision variable matrix is : 

1.000 1. 000 0.500 0.333 9.000 0.333 0.333 0.333 
1. 000 1. 000 0.500 0.333 9.000 0.333 0.333 0.333 
2.000 2.000 1. 000 0.500 9.000 0.500 0.500 0.500 
3.000 3.000 2.000 1.000 9.000 1.000 1. 000 1.000 
0.111 0.111 0.111 0.111 1.000 0.111 0.111 0.111 
3.000 3.000 2.000 1. 000 9.000 1. 000 1.000 1. 000 
3.000 3.000 2.000 1.000 9.000 1.000 1. 000 1. 000 
3.000 3.000 2.000 1.000 9.000 1.000 1.000 1. 000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a £i:: named PARA2.LIQ 

Press the RETURN key to continue 

PARAMETER 3 Size of site 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA3.LIQ 

The decision variable matr ix is : 

1.000 1. 000 0.200 0.111 0.111 1.000 0.111 0.111 
1.000 1. 000 0.200 0.111 0.111 1.000 0.111 0.111 
5.000 5.000 1.000 0.200 0.200 7.000 0.200 0.200 
9.000 9.000 5.000 1. 000 1. 000 9.000 1.000 1. 000 
9.000 9.000 5.000 1. 000 1.000 9.000 1. 000 1. 000 
1.000 1. 000 0.143 O. III 0.111 1. 000 0.111 'J .111 
9.000 9.000 5.000 1.000 1. 000 9.000 1. 000 1.000 
9.000 9.000 5.000 1.000 1. 000 9.000 1. 000 1. 000 

Do you want to change data in the above ma:rix ? Y or N ? N 

Please wa i t ..... 
The matrix just entered is stored in a file named PARA3.LIQ 

Press the RETURN key to continue 
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PARAMETER 4 Nature of site 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA4.LIQ 

The deci~ion variable matrix is : 

1.000 1.000 2.000 2.000 2.000 1.000 2.000 2.000 
1.000 1.000 2.000 2.000 2.000 1.000 2.000 2.000 
0.500 0.500 1.000 1.000 1.000 7.000 1.000 1.000 
0.500 0.500 1.000 1.000 1.000 1.000 1.000 1.000 
0.500 0.500 1.000 1.000 1.000 7.000 1.000 1.000 
0.143 0.143 0.143 0.143 0.143 1.000 0.143 0.143 
0.500 0.500 1.000 1.000 1.000 7.000 1.000 1.000 
0.500 0.500 1.000 1.000 1.000 1.000 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARA4.LIQ 

Press the RETURN key to continue 

PARAMETER 5 Land cost 

Do you want to use data from an eXisting file? Y or N ? Y 

Name of the eXisting file is 7 PARA5.LIQ 

The decision variable matrix is : 

1.000 0.500 0.250 0.143 0.111 3.000 0.143 0.143 
2.000 1.000 0.333 0.167 0.125 5.000 0.167 0.161 
4.000 3.000 1.000 0.250 0.167 6.000 0.250 0.250 
7.000 6.000 4.000 1.000 0.200 7.000 1.000 1.000 
9.000 8.000 6.000 5.000 1.000 9.000 3.000 3.000 
0.333 0.200 0.167 0.143 0.111 1.000 0.143 0.143 
7.000 6.000 4.000 1.000 0.333 7.000 1.000 1.000 
7.000 6.000 4.000 1.000 0.333 7.000 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARA5.LIQ 

Press the RETURN key to continue 
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PARAMETER 6 : Local money for constructior: 

Do you want to use data from an existing file ? 'i or N ? 'i 

Name of the existing file is ? PARA6.LIQ 

The decision variable matrix is : 

1.000 1. 000 1.000 2.000 1.000 1. 000 1. 000 2.000 
1.000 1.000 1. 000 2.000 1.000 1.000 1. 000 2.000 
1.000 1. 000 1.000 2.000 1.000 1.000 1.000 2. 000 
0.500 0.500 0.500 1. 000 0.500 0.500 0.500 1. 000 
1. 000 1.000 1.000 2.000 1.000 1. 000 1.000 2. 000 
1.000 1. 000 1. 000 2.000 1.000 1. 000 1. 000 2. 000 
1. 000 1. 000 1.000 2.000 1.000 1.000 1. 000 2.000 
0.500 0.500 0.500 1. 000 0.500 0.500 0.500 1. 000 

Do you want to change data in the above ma:rix ? 'i or N ? N 

Please wait ..... 
The matrix just entered is stored in a fil; named PARA6.LIQ 

Press the RETURN key to continue 

PARAMETER 7 : Foreign money for construction 

Do you want to use data from an eXisting file ? 'i or N ? 'i 

Name of the existing file is ? PARA7.LIQ 

The decision variable matrix is : 

1. 000 1. 000 1.000 2.000 1.000 1.000 1. 000 2.000 
1.000 1.000 1.000 2.000 1. 000 1.000 1. 000 2.000 
1.000 1. 000 1. 000 2.000 1.000 1.000 1. 000 2.000 
0.500 0.500 0.500 1. 000 0.500 0.500 0.500 1. 000 
1.000 1.000 1. 000 2.000 1.000 1.000 1.000 2.000 
1.000 1.000 1.000 2.000 1.000 1.000 1. 000 :.000 
1. 000 1. 000 1. 000 2.000 1.000 1. 000 1.000 2.000 
0.500 0.500 0.500 1. 000 0.500 0.500 0.500 1. 000 

Do you want to change data in the above ma'::=ix '? 'i or N ? N 

Please wait ..... 

The matrix just entered is stored in a file named PARA7.LIQ 

Press the RETURN key to continue 

158 



PARAMETER S Local sk 111 for construction 

Do you want to use data from an existing file ? 'f or N ? 'f 

Name of the existing file is ? PARAS. LIQ 

The decision variable matrix is : 

1.000 1. 000 1.000 1.000 1. 000 1.000 1. 000 1. 000 
1.000 1. 000 1.000 1.000 1. 000 1. 000 1.000 1. 000 
1.000 1.000 1. 000 1. 000 1. 000 1.000 1.000 1. 000 
1.000 1. 000 1.000 1.000 1. 000 1. 000 1.000 1. 000 
1. 000 1.000 1.000 1.000 1.000 1. 000 1.000 1. 000 
1. 000 1. 000 1.000 1. 000 1.000 1.000 1.000 1. 000 
1. 000 1.000 1.000 1.000 1.000 1. 000 1.000 1. 000 
1. 000 1. 000 1. 000 1. 000 1. 000 1.000 1.000 1.000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARAS.LIQ 

Press the RETURN key to continue 

PARAMETER 9 : Community support 

00 you want to use data from an eXisting file ? 'f or N ? 'f 

Name of the existing file is ? PARA9.LIO 

The decision variable matrix is : 

1.000 1.000 1.000 1.000 1. 000 1.000 1. 000 1. 000 
1.000 1.000 1. 000 1. 000 1.000 1.000 1.000 1. 000 
1. 000 1.000 1. 000 1.000 1.000 1.000 1.000 1. 000 
1.000 1.000 1. 000 1. 000 1.000 1.000 1.000 1. 000 
1. 000 1.000 1.000 1. 000 1. 000 1.000 1.000 1. 000 
1. 000 1.000 1.000 1.000 1.000 1.000 1.000 1. 000 
1. 000 1.000 1. 000 1.000 1. 000 1.000 1.000 1. 000 
1.000 1. 000 1. 000 1. 000 1. 000 1.000 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARA9.LIO 

Press the RETURN key to continue 
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PARAMETER 10 Po .... er source 

Do you .... ant to use data from an eXisting file ? Y or N ? Y 

Name of the existing file is ? PARA10.LIQ 

The decision variable ma tr i x is : 

1. 000 1. 000 1.000 1.000 1. 000 1.000 1. 000 1. 000 
1.000 1. 000 1.000 1.000 1. 000 1.000 1. 000 1. 000 
1.000 1.000 1.000 1.000 1. 000 1.000 1.000 1. 000 
1. 000 1. 000 1.000 1.000 1. 000 1.000 1. 000 1. 000 
1.000 1. 000 1. 000 1.000 1. 000 1.000 1.000 1. 000 
1. 000 1. 000 1.000 1.000 1.000 1.000 1. 000 1. 000 
1. 000 1.000 1.000 1.000 1. 000 1.000 1.000 1. 000 
1.000 1. 000 1.000 1.000 1. 000 1.000 1.000 1. 000 

Do you want to change data in the above matrix ? y or N ? N 

Please wait ..... 
The matrix just entered is stored in a fil~ named PARAIO.LIQ 

Press the RETURN key to continue 

PARAMETER 11 Availability of local material 

Do you .... ant to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA11.LIQ 

The decision variable matrix is : 

1. 000 1.000 1.000 1.000 1. 000 1.000 1.000 1. 000 
1.000 1. 000 1. 000 1.000 1. 000 1.000 1. 000 1. 000 
1.000 1. 000 1.000 1.000 1. 000 1. 000 1. 000 1. 000 
1.000 1.000 1. 000 1.000 1. 000 1.000 1.000 1. 000 
1.000 1. 000 1. 000 1.000 1. 000 1.000 1.000 1. 000 
1.000 1. 000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1. 000 1. 000 1.000 1.000 1. 000 1.000 1. 000 
1.000 1.000 1.000 1.000 1. 000 1.000 1.000 1. 000 

Do you .... ant to change data in the above matrix ? Y or N ? N 

Please wa it . . . .. 
The matrix just entered is stored in a file named PARAll.LIQ 

Press the RETURN key to continue 
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PARAMETER 12 Cost of operation & maintenance 

Do you ",ant to use data from an eXisting file ? 'i or N ? 'i 

Name of the eXisting file is ? PARAI2.LIO 

The decision variable matrix is : 

1.000 1.000 1.000 2.000 1. 000 1.000 1.000 2.000 
1. 000 1.000 1. 000 2.000 1. 000 1. 000 1. 000 2.000 
1.000 1. 000 1.000 2.000 1. 000 1.000 1.000 2.000 
0.500 0.500 0.500 1.000 0.500 0.500 0.500 1. 000 
1. 000 1.000 1.000 2.000 1.000 1.000 1.000 2.000 
1.000 1.000 1. 000 2.000 1. 000 1. 000 1.000 2.000 
1. 000 1.000 1. 000 2.000 1.000 1.000 1.000 2.000 
0.500 0.500 0.500 1. 000 0.500 0.500 0.500 1. 000 

Do you "'an t to change data in the above matrix ? 'i or N ? N 

Please ",ait ..... 
The matrix just entered is stored in a file named PARAl2.LIQ 

Press the RETURN key to continue 

PARAMETER 13 Professional skill available for operation & 
maintenance 

Do you want to use data from an eXisting file ? Y or N ? Y 

Name of the existing file is ? PARAI3.LIO 

The decision variable matrix is : 

1.000 1. 000 1.000 1. 000 1.000 1. 000 1. 000 1. 000 
1.000 1.000 1. 000 1.000 1.000 1.000 1.000 1. 000 
1.000 1.000 1.000 1. 000 1.000 1. 000 1. 000 1. 000 
1.000 1.000 1.000 1. 000 1.000 1. 000 1.000 1. 000 
1. 000 1. 000 1.000 1. 000 1.000 1.000 1.000 1. 000 
1.000 1.000 1.000 1. 000 1.000 1.000 1.000 1. 000 
1.000 1.000 1.000 1. 000 1.000 1.000 1.000 1. 000 
1.000 1.000 1. 000 1. 000 1.000 1. 000 1. 000 1. 000 

Do you want to change data in the above matrix ? 'i or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARAI3.LIO 

Press the RETURN key to continue 
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PARAMETER 14 Local technical skill available for operation 
& maintenance 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA14.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.COO 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a f;'~ named PARAI4.LIQ 

Press the RETURN key to continue 

PARAMETER 15 Administration set-up 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA15.LIQ 

The decision variable matrix is : 

1.000 1.000 1. 000 1.000 1. 000 1.000 1. 000 1.000 
1.000 1.000 1. 000 1. 000 1. 000 1.000 1. 000 1.000 
1. 000 1.000 1. 000 1.000 1. 000 1.000 1. 000 1. 000 
1.000 1.000 1. 000 1. 000 1. 000 1.000 1. 000 1. 000 
1.000 1. 000 1.000 1.000 1. 000 1.000 1. 000 1.000 
1.000 1. 000 1.000 1.000 1. 000 1. 000 1.000 1.000 
1.000 1.000 1.000 1. 000 1. 000 1. 000 1. 000 1. 000 
1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a file r.amed PARAI5.LIQ 

Press the RETURN key to continue 
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PARAMETER 16 Tr~ining 

Do you want to use data from an eXisting file ? Y or N ? Y 

Name of the existing file is ? PARA16.LIQ 

The decision variable matrix is : 

1. 000 1. 000 1.000 1.000 1. 000 1. 000 1.000 1. 000 
1.000 1. 000 1.000 1. 000 1. 000 1. 000 1. 000 1. 000 
1. 000 1. 000 1.000 1. 000 1.000 1. 000 1.000 1.000 
1.000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 
1.000 1. 000 1.000 1. 000 1. 000 1. 000 1. 000 1. 000 
1. 000 1.000 1.000 1. 000 1. 000 1. 000 1. 000 1. 000 
1. 000 1. 000 1.000 1. 000 1. 00(' 1. 000 1. 000 1. 000 
1.000 1.000 1. 000 1. 000 1.000 1. 000 1. 000 1.000 

Do you want to change data in the above matr ix ? '{ or N ? N 

Please wai t ..... 
The matrix just entered is stored in a fil~ named PARA16.LIQ 

Press the RETURN key to continue 

PARAMETER 17 Professional ethics 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the eXisting file is ? PARA17.LIO 

The decision var iable matrix is : 

1.000 1. 000 1. 000 1. 000 1.000 1. 000 1. 000 1. 000 
1. 000 1. 000 1.000 1. 000 1.000 1. 000 1. 000 1. 000 
1. 000 1.000 1.000 1. 000 1. 000 1.000 1.000 1. 000 
1. 000 1. 000 1.000 1. 000 1.000 1. 000 1. 000 1. 000 
1. 000 1. 000 1.000 1.000 1. 000 1. 000 1.000 1.000 
1.000 1. 000 1.000 1.000 1.000 1.000 1.000 :.000 
1. 000 1. 000 1.000 1.000 1. 000 1.000 1.000 1. 000 
1.000 1. 000 1.000 1. 000 1. 000 1. 000 1. 000 1. 000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wa i t ..... 
The matrix just entered is stored in a file named PARA17.LIQ 

Press the RETURN key to continue 
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PARAMETER 18 Cl imate 

Do you .... ant to use data from an existing file ? Y or N ? Y 

Name of the exist ing file is ? PARA18.LIQ 

The decision variable matrix is : 

1.000 1. 000 2.000 2.000 2.000 7. 000 2.000 2.000 
1. 000 1. 000 2.000 2.000 2.000 7.000 2.000 2.000 
0.500 0.500 1.000 1. 000 1. 000 5.000 1. 000 1. 000 
0.500 0.500 1.000 1.000 1. 000 5.000 1.000 1. 000 
0.500 0.500 1. 000 1. 000 1.000 5.000 1. 000 1. 000 
0.143 0.143 0.200 0.200 0.200 1. 000 0.200 0.200 
0.500 0.500 1. 000 1. 000 1.000 5.000 1. 000 1. 000 
0.500 0.500 1.000 :".000 1. 000 5.000 1. 000 1. 000 

Do you .... ant to change data in the above ma tr i x ? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARAl8.LIQ 

Press the RETURN key to continue 

PARAMETER 19 Local water-borne diseases 

Do you want to use data from an existing file ? Y or N ? '{ 

Name of the existing file is ? PARA19.LIQ 

The decision variable matrix is : 

1. 000 1.000 1.000 1. 000 3.000 1.000 1. 000 1. 000 
1.000 1. 000 1. 000 1. 000 3.000 1. 000 1. 000 1. 000 
1. 000 1. 000 1.000 1. 000 3.000 1. 000 1. 000 1. 000 
1. 000 1.000 1.000 1. 000 3.000 1.000 1. 000 1. 000 
0.333 0.333 0.333 0.333 1. 000 0.333 0.333 0.333 
1.000 1. 000 1. 000 1. 000 3.000 1. 000 1. 000 1. 000 
1.000 1. 000 1.000 1. 000 3.000 1. 000 1. 000 1. 000 
1. 000 1. 000 1. 000 1.000 3.000 1. 000 1. 000 1. 000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wa i t ..... 
The matrix just entered is stored in a file named PARA19.LIQ 

Press the RETURN key to continue 
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PARAMETER 20 Endemic vector-borne (water-related) diseases 

Do you want to use data from an existing file 7 Y or N ? Y 

Name of the eXisting file is ? PARA20.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.00r 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARA20.LIQ 

You have already entered all the necessary data 

Press the RETURN key to continue 

Please wait. Calculation of the ranking of the alternatives 
is in process. 

The ranking is : 

Alternative 1 
Alternative 2 
Alternative 3 
Alternat i ve 4 
Alternative 5 
Alternative 6 
Alternative 7 
Alternative 8 

RANKING IN " 

59.72916 
60.72353 
67.37144 
100 
85.68993 
58.68803 
93.35902 
89.88984 
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8.4.2 Refined Selection 

This section must be read in conjunction .... ith Section 

7.6 of Chapter 7. The follo .... ing is a record of running the 

model. 

RANKING OF LIQUID TREATMENT ALTERNATIVES 

Order of decision variable matrix is n x n where n = 7 

PARAMETER 1 Flo .... 

Do you .... ant to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA1. LIQ 

The decision variable matrix is : 

1. 000 3.000 1. 000 2.000 2.000 3.000 3.000 
0.333 1. 000 0.333 0.500 0.500 1.000 1.000 
1.000 3.000 1.000 2.000 2.000 3.000 3.000 
0.500 2.000 0.500 1.000 1. 000 2.000 2.000 
0.500 2.000 0.500 1.000 1.000 2.000 2.000 
0.333 1.000 0.333 0.500 0.500 1.000 1.000 
0.333 1. 000 0.333 0.500 0.500 1.000 1. 000 

Do you .... ant to change data in the above matrix? Y or N ? N 

Please wait ..... 

The matrix just entered is stored in a file named 'PARAl.LIQ' 

Press the RETURN key to continue 
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PARAMETER 2 Influent / Effluent 

Do you want to use data from an existing :i1e 7 Y or N 7 Y 

Name of the existing file is ? PARA2.LIQ 

The decision variable matrix is : 

1. 000 1. 000 0.500 1. 000 0.500 1. 000 0.500 
1. 000 1. 000 0.500 1.000 0.500 1.000 0.500 
2.000 2.000 1.000 2.000 1.000 2.000 1.000 
1.000 1. 000 0.500 1. 000 0.500 1. 000 0.500 
2.000 2.000 1.000 2.000 1.000 2.000 1.000 
1. 000 1. 000 0.500 1. 000 0.500 1.000 0.500 
2.000 2.000 1.000 2.000 1.000 2.000 1.000 

Do you want to change data in the above mao:r i x 7 Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a fi:e named PARA2.LIQ 

Press the RETURN key to continue 

PARAMETER 3 Size of site 

Do you want to use data from an existing file 7 Y or N ? Y 

Name of the existing file is ? PARA3.LIQ 

The decision variable matrix is : 

1.000 3.000 1.000 1. 000 1.000 1. 000 1.000 
0.333 1. 000 0.333 0.333 0.333 0.333 0.333 
1.000 3.000 1.000 1.000 1.000 1.000 1.000 
1.000 3.000 1.000 1.000 1. 000 1. 000 1.000 
1. 000 3.000 1.000 1.000 1. 000 1.000 1.000 
1.000 3.000 1.000 1. 000 1.000 1.000 1.000 
1.000 3.000 1. 000 1. 000 1.000 1.000 1.000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARA3.LIQ 

Press the RETURN key to continue 
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PARAMETER 4 Nature of site 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA4.LIQ 

The decision variable matrix is : 

1.000 1. 000 1. 000 1. 000 1. 000 1.000 1.000 
1.000 1. 000 1. 000 1. 000 1.000 1. 000 1.000 
1.000 1. 000 1.000 1.000 1. 000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1. 000 1. 000 1. 000 1. 000 1. 000 1.000 1.000 
1.000 1. 000 1.000 1.000 1.000 1. 000 1.000 
1.000 1. 000 1.000 1.000 1. 000 1.000 1.000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARA4.LIQ 

Press the RETURN key to continue 

PARAMETER 5 : Land cost 

Do you want to use data from an existing file? Y or N ? Y 

Name of the eXisting file is ? PARA5.LIQ 

The decision variable matrix is : 

1. 000 3.000 2.000 0.143 0.500 0.200 0.250 
0.333 1. 000 0.500 0.111 0.250 0.143 0.167 
0.500 2.000 1.000 0.125 0.333 0.167 0.200 
7.000 9.000 8.000 1.000 7.000 3.000 4.000 
2.000 4.000 3.000 0.143 1. 000 0.200 0.250 
5.000 7.000 6.000 0.333 5.000 1.000 2.000 
4.000 6.000 5.000 0.250 4.000 0.500 1.000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARA5.LIQ 

Press the RETURN key to continue 

168 



PARAMETER 6 : Local money for construction 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA6.LIQ 

The decision variable matrix is : 

1.000 1.000 1.000 2.000 3.000 2.000 2.000 
1.000 1.000 1.000 2.000 3.000 2.000 2.000 
1. 000 1. 000 1.000 2.000 3.000 2.000 2.000 
0.500 0.500 0.500 1. 000 2.000 1.000 1. 000 
0.333 0.333 0.333 0.500 1. 000 0.500 0.500 
0.500 0.500 0.500 1.000 2.000 1.000 1.000 
0.500 0.500 0.500 1.000 2.000 1.000 1.000 

Do you want to change data in the above matr i x ? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a fiee named PARA6.LIQ 

Press the RETURN key to continue 

PARAMETER 7 : Foreign money for construction 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA7.LIQ 

The decision variable matrix is : 

1. 000 1. Doe 1.000 1.000 1. 000 3.000 3.000 
1.000 1.000 1.000 1.000 1. 000 3.000 3.000 
1. 000 1. 000 1.000 1.000 1. 000 3.000 3.000 
1. 000 1. 000 1.000 1.000 1.000 3.000 3.000 
1. 000 1. 000 1.000 1.000 1. 000 3.000 3.000 
0.333 0.333 0.333 0.333 0.333 1.000 1.000 
0.333 0.333 0.333 0.333 0.333 1. 000 1.000 

Do you want to change data in the above matr ix ? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a fi:e named PARA7.LIQ 

Press the RETURN key to continue 
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PARAMETER 8 Local skill for construction 

Do you want to use data from an existing file? Y or N ? Y 

Name of the eXisting file is ? PARA8.LIQ 

The decision variable matrix is : 

1. 000 1.000 1.000 1.000 1.000 1. 000 1. 000 
1.000 1. 000 1.000 1. 000 1.000 1. 000 1.000 
1. 000 1. 000 1. 000 1.000 1.000 1. 000 1.000 
1. 000 1.000 1.000 1.000 1.000 1. 000 1. 000 
1. 000 1. 000 1.000 1.000 1.000 1. 000 1. 000 
1.000 1. 000 1.000 1.000 1.000 1. 000 1.000 
1. 000 1. 000 1.000 1.000 1.000 1. 000 1.000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARA8.LIQ 

Press the RETURN key to continue 

PARAMETER 9 : Community support 

Do you want to use data from an existing file? Y or N ? Y 

Name of the eXisting file 1s ? PARA9.LIQ 

The decision variable matrix is : 

1. 000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1. 000 1.000 1. 000 1.000 1. 000 1. 000 
1. 000 1. 000 1. 000 1.000 1.000 1. 000 1.000 
1.000 1. 000 1.000 1.000 1. 000 1. 000 1.000 
1.000 1.000 1.000 1.000 1. 000 1.000 1. 000 
1.000 1. 000 1.000 1.000 1. 000 1.000 1. 000 
1. 000 1. 000 1. 000 1.000 1. 000 1.000 1.000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARA9.LIQ 

Press the RETURN key to continue 
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PARAI1ETER 10 Power source 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARAIO.LIQ 

The decision variable matrix is 

1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARA10.LIQ 

Press the RETURN key to continue 

P ARAHETER 11 Availability of local material 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA11.LIQ 

The decision variable matrix is : 

1. 000 1.000 1.000 1.000 1. 000 1.000 1. 000 
1. 000 1. 000 1. 000 1.000 1. 000 1. 000 1. 000 
1. 000 1.000 1 :000 1. 000 1.000 1.000 1.000 
1. 000 1. 000 1.000 1.000 1. 000 1.000 1. 000 
1.000 1. 000 1.000 1.000 1. 000 1.000 1. 000 
1. 000 1.000 1. 000 1. 000 1.000 1.000 1. 000 
1.000 1. 000 1.000 1. 000 1. 000 1. 000 1. 000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARA11.LIQ 

Press the RETURN key to continue 
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PARAMETER 12 Cost of operation & maintenance 

Do you want to use data from an existing f:1e? Y or N ? Y 

Name of the existing file is ? PARA12.LIQ 

The decision variable matrix is : 

1. 000 1. 000 1. 000 2.000 3.000 3.000 3.000 
1.000 1. 000 1.000 2.000 3.000 3.000 3.000 
1.000 1.000 1. 000 2.000 3.000 3.000 3.000 
0.500 0.500 0.500 1. 000 2.000 2.000 2.000 
0.333 0.333 0.333 0.500 1.000 1. 000 1.000 
0.333 0.333 0.333 0.500 1. 000 1. 000 1. 000 
0.333 0.333 0.333 0.500 1. 000 1. 000 1. 00;) 

Do you want to change data in the above mao:rix ? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARA12.LIQ 

Press the RETURN key to continue 

PARAMETER 13 Professional skill available for operation & 
maintenance 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is ? PARA13.LIQ 

The decision variable matrix is 

1.000 1.000 1. 000 3.000 3.000 1. 000 1. 000 
1. 000 1. 000 1. 000 3.000 3.000 1. 000 1.000 
1.000 1.000 1. 000 3.000 3.000 1. 000 1.000 
0.333 0.333 0.333 1.000 1. 000 0.333 0.333 
0.333 0.333 0.333 1.000 1. 000 0.333 0.333 
1.000 1.000 1. 000 3.000 3.000 1. 000 1.000 
1.000 1.000 1. 000 3.000 3.000 1. 000 1. 000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wa it 

The matrix just entered is stored in a file named PARA13.LIQ 

Press the RETURN key to continue 
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PARAMETER 14 Local technical skill aval:able for operation 
& maintenance 

Do you want to use data from an existing :ile? Y or N ? Y 

Name of the eXisting file is ? PARA14.LIQ 

The decision variable matrix is : 

1.000 1. 000 1. 000 2.000 2.000 1. 000 1.000 
1.000 1. 000 1. 000 2.000 2.000 1.000 1. 000 
1. 000 1. 000 1.000 2.000 2.000 1. 000 1.000 
0.500 0.500 0.500 1.000 1. 000 0.500 0.500 
0.500 0.500 0.500 1. 000 1.000 0.500 0.500 
1. 000 1. 000 1.000 2.000 2.000 1.0no 1.000 
1. 000 1. 000 1. 000 2.000 2.000 1.000 1. 000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a fi:e named PARA14.LIQ 

Press the RETURN key to continue 

PARAMETER 15 Administration set-up 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file 1s ? PARA15.LIQ 

The decision variable matrix is : 

1. 000 1. 000 1.000 1. 000 1.000 1.000 1. 000 
1. 000 1. 000 1. 000 1.000 1.000 1.000 1. 000 
1. 000 1. 000 1. 000 1.000 1.000 1.000 1. 000 
1.000 1. 000 1. 000 1. 000 1.000 1.000 1.000 
1.000 1. 000 1.000 1.000 1.000 1.000 1. 000 
1.000 1. 000 1. 000 1.000 1. 000 1.000 1. 000 
1. 000 1. 000 1. 000 1. 000 1.000 1.000 1. 000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wait 

The matrix just entered is stored in a fi:e named PARA15.LIQ 

Press the RETURN key to continue 
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PARAMETER 16 Training 

Do you want to use data from an existing :ile? Y or N ? Y 

Name of the eXisting file is ? PARA16.LIQ 

The decision variable matrix is 

1. 000 1. 000 1.000 2.000 2.000 1. 000 1. 000 
1. 000 1. 000 1. 000 2.000 2.000 1.000 1.000 
1. 000 1. 000 1. 000 2.000 2.000 1.000 1.000 
0.500 0.500 0.500 1.000 1. 000 0.500 0.500 
0.500 0.500 0.500 1. 000 1.000 0.500 0.500 
1. 000 1. 000 1. 000 2.000 2.000 1.000 1.000 
1. 000 1. 000 1.000 2.!l00 2.000 1.000 1. 000 

Do you want to change data in the above ma:rix ? Y or N ? N 

Please wait 

The matrix just entered is stored in a fi2~ named PARAI6.LIQ 

Press the RETURN key to continue 

PARAMETER 17 Professional ethics 

Do you want to use data from an existing file? Y or N ? Y 

Name of the existing file is 7 PARAI7.LIQ 

The decision variable matrix is : 

1. 000 1. 000 1. 000 1.000 1.000 1. 000 1. 000 
1. 000 1. 000 1. 000 1. 000 1.000 1.000 1. 000 
1. 000 1. 000 1. 000 1.000 1.000 1.000 1. 000 
1.000 1. 000 1. 000 1.000 1. 000 1. 000 1. 000 
1.000 1. 000 1. 000 1.000 1. 000 1. 000 1.000 
1. 000 1. 000 1. 000 1. 000 1.000 1.000 1.000 
1.000 1. 000 1.000 1.000 1.000 1. 000 1. 000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wait 

The matrix just entered is stored in a file named PARA17.LIQ 

Press the RETURN key to continue 
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PARAMETER 18 Climate 

Do you want to use data from an existing f:le? Y or N ? Y 

Name of the existing file is ? PARA18.LIQ 

The decision variable matrix is : 

1.000 1.000 1. 000 1. 000 1.000 1. 000 1.000 
1. 000 1. 000 1.000 1.000 1.000 1.000 1.000 
1. 000 1.000 1. 000 1. 000 1.000 1. 000 1.000 
1.000 1. 000 1.000 1. 000 1.000 1. 000 1.000 
1. 000 1. 000 1.000 1. 000 1.000 1. 000 1.000 
1.000 1.000 1. 000 1. 000 1.000 1. 000 1. 000 
1. 000 1. 000 1.000 1. 000 1.000 1. 000 1.000 

Do you want to change data in the above ma:rix ? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARA18.LIQ 

Press the RETURN key to continue 

PARAMETER 19 Local water-borne diseases 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA19.LIQ 

The decision variable matrix is 

1.000 1. 000 1.000 1.000 1. 000 1.000 1. 000 
1. 000 1. 000 1. 000 1.000 1. 000 1. 000 1.000 
1. 000 1.000 1. 000 1. 000 1.000 1. 000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1. 000 1. 000 1.000 1. 000 1. 000 1.000 
1.000 1. 000 1.000 1.000 1.000 1.000 1. 000 
1.000 1. 000 1. 000 1.000 1. 000 1.000 1. 000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wait ..... 
The matrix just entered is stored in a file named PARA19.LIQ 

Press the RETURN key to continue 
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PARAMETER 20 Endemic vector-borne (water-related) diseases 

Do you want to use data from an existing file ? Y or N ? Y 

Name of the existing file is ? PARA20.LIQ 

The decision variable matrix is : 

1.000 1. 000 1. 000 1.000 1. 000 1.000 1.000 
1.000 1. 000 1.000 1. 000 1. 000 1.000 1. 000 
1.000 1. 000 1.000 1.000 1. 000 1.000 1. 000 
1.000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 
1. 000 1. 000 1. 000 1. 000 1. 000 1.000 1. 000 
1. 000 1.000 1.000 1. 000 1. 000 1.000 1.000 
1. 000 1. 000 1.000 1.000 1. 000 1.000 1.000 

Do you want to change data in the above matrix ? Y or N ? N 

Please wait 

The matrix just entered is stored in a fil~ named PARA20.LIQ 

You have already entered all the necessary data 

Press the RETURN key to continue 

Please wait. Calculation of the ranking of the alternatives 
is in process. 

The ranking is 

RANKING IN \ 

Alternative 1 89.36844 
Alternative 2 69.29602 
Alternative 3 100 
Alternative 4 83.26269 
Alternative 5 87.32095 
Alternative 6 77.60319 
Alternative 7 87.51058 
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PART 4 

FURTHER DEVELOPMENT AND CONCLUSION 



CHAPTER 9 --- FORECASTING CHANGES ON APPROPRIATE 
TECHNOLOGY WITH TIME 

9.1 Sensitivity Analysis 

The model has been tested in Chapters 7 and 8 and the 

results obtained are found to he satisfactory. The next 

question, now, is how wi 11 th .. appropriate technology 

chan')e as soci;;,l and environmental conditions in a given 

situation change wi th time, or i n other words, how 

sensitive is the mode 1 develop"'cl? Sensitivity analysis is 

r.oncern",cl with investig;;,l:ing the sensitivity of the 

response of the model to ,·t1an'J"s in data Input. I n the 

context of this research, sensItIvity analysis means the 

investigation of . the change of optimal treatment 

alternative resulting from a change of decision variable 

matrices of certain parametprs. 

It must be pointed out that a detailed and thorough 

sensitivity analysis of the technique of eigenvector 

prior.itization requires a profol1nil mathematical knowledge 

background. It is an area ! n which, perhaps, only 

mathematicians should carry out the investigation. A 

1 imited approach to the topic was initiated by Vargas in 

1983(). His work was conf i n .. r! to 3 x 3 reciprocal 

matrices only and he conclud .. d that higher-dimension 

reciprocal matrices do not have 

the sensitivity analysis of the 
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a genera 1 i zed property and 

( 3 ) latter is very complex . 



To the knowledge cf the author, no further work hag so far 

been done by others after. Vargas. Therefore, there is a 

large amount of work in thi!l area left to be explored by 

mathematicians, and it is beyond the scop~ of the present 

research to enter deeply into the theory of sensitivity 

analysis of the mathematical technique applied in the 

model. The intention of the author, however, is to, before 

ending the thesis, throw out an idea by which the technique 

of sensitivLy analysis may be applied in order that the 

model developed in this research can be extended to be able 

to fore~ast a change of the appropriate technology required 

as conditions described hy ~eT.t;,ln par;,meters alter with 

time. 

9.2 Application of Sensitivity Analysis to The Model 

There are certain p;,rameters (e.g. Parameter 18: 

climate) which will not alter with time. The parameters 

which are most vulnerable to changes are the subjective I 

intangible factors (see Sect j on 4.2.2 of Chapter 4). 

Professional skill for () '" M (ie. Parameter 13), for 

instance, in a given situation may improve with time. In 

the perfect case, the decision variable matrix will become 

an all-one matrix (ie. matrix with all its elements equal 

to 1). The Taiwan Min Shen ~TP is used as an example. The 

original deciSion variable matrix of Parameter 13 is 

reproduced in Fig. 9.1. If the professional skill is 

forecast to improve in fifteen years time, say, then the 
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Simple Bio- Blo- Oxl- Pack- Pack-
blo- filter filter Deep datlon age age 
f llte r ( recir) (ADF) A.S. °2 shaft RBC ditch Plant °2 Alt 

No. 1 2 3 4 5 6 7 8 9 10 

1 1 1 1 1 2 3 1 1 1 2 

2 1 1 1 2 3 1 1 1 2 

3 1 1 2 3 1 1 1 2 

4 1 2 3 1 1 1 2 

5 1 2 ~. Y2 ~ 1 

6 All lower triangulal 1 7'3 Y3 73 Y2 elements = aji 
7 = -L 1 1 1 2 

aij 
8 1 1 2 

9 1 2 

10 
1 Fig. 9 . 1 : Original Decision Variable Matrix for Para 13 (Taiwan) 

Simple Bio- Bio- Oxi- Pack- Pack-
blo- filter filter Deep dation age age 
filter (recir) (ADF) A.S. °2 shaft RBC ditch Plant °2 Alt 

No. 1 2 3 4 5 6 7 8 9 10 

1 1 1 1 1 1 1 1 1 1 1 

2 1 1 1 1 1 1 1 1 1 

3 1 1 1 1 1 1 1 1 

4 1 1 1 1 1 1 1 

5 1 1 1 1 1 1 

6 All lower tr\angulilr 1 1 1 1 1 elements = a l i 
7 = = 1 1 1 1 1 

aij 
8 1 1 1 

9 1 1 

10 
1 Fig. 9.2: New Decision Var iable Matrix for Para 13 (Taiwan) 
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decision var lable matr Ix of this parameter will become an 

all-one matrix as shown In Fig. 9.2 after fifteen years. 

This means that the professional skill at that time will be 

capable of hand 11 ng a 11 types of treatment a 1 ternat Ives 

without finding one more difficult than another. 

Decision variable matrices of other parameters may 

change in the same manner with time. Some of them Will, of 

course, remain the same, depending on the situation In 

qllPstion. The new ranking of the alternatives will be 

calculated using the same mathematical ,technique, as 

described in Chapter 5 by a computer program named SENSIANA 

with the amended set of decision variable matrices as 

inputting data. A full example of the forecasting exercise 

will be given in Section 9.4. The computer program 

SENSIANA is to be described in the following section. 

9.3 The Computer Program 

A new computer program is written for carrying out the 

sensitivity analysis (or forecasting exercise). The name 

of the program Is, as mentioned above, called SENSIANA. It 

is again written in IBM BASIC langllage(2) and can be run on 

an IBM personal computer 

compi lation (1). 

(or any XT or AT) after 

The parameter matrix, similar to the one used In 

MODEL, is again a built-in feature of SENSIANA. Users do 

180 



not have to know what are the values Inside the parameter 

matrix when they use the program. They only have to Input 

new values of the decision variable matrices of the 

parameters which they forecast will change. A user's 

manual of SENSIANA Is given in Appendix B.2.l. A flow 

chart of the program and a listing of it are given in 

Appendices B.2.2 and B.2.3 respectively. 

It should be borne in mind that values of the decision 

var iable matr ices should be entered in six decimal places, 

but they will be shown on the screen in three decimal 

places. This, however, will not affect the accuracy of the 

calrlllation in whir.h data nf six decimal places will be 

used throughout. 

After running SENSIANA, k new files vill be created 

where k is the total number of parameters whose decision 

var iable matr ices are amended. The names of these knew 

files are "PARA*. LIQ" where * represents the parameter 

number. The k old files of the original decision variable 

matrices will be erased automatically. In addition, a new 

COHPOHAT.LIQ file, storing the data of the new composite 

matrix, and anothe~ fi le ""men SENSIRUN.LIQ, storing the 

record of the dialogue between the user and the computer 

when the program was in use, will be formed. One can view 

the contents of these two files by using the "TYPE" 

command. 
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9.4 Example Mtn Shen STP of Tatyan 

9.4.1 Forecasting Changes 

The computer program MODEL was run in Section 8.3 of 

Chapter 8 and the background was descr ibed In Sect ion 7.5 

of Chapter 7 for Mln Shen STP of Taiwan. 

SENSIANA will be run for the same plant. 

In this Section, 

Assuming that the training of professionals and 

technicians (ie. Parameter 16) 

it is then forecast that in 

pr0feRslonal skill and the lor.al 

In Taiwan Is .a1ready good, 

fifteen years both the 

technical skill available 

for operation and ma intenancp. (le. Parameters 13 and 14) 

will become very much better. In addition, after fifteen 

years of good tra i ning, professi ona 1 ethics (1 e. Parameter 

17) of the personne 1 i nvo 1 ved with the STP wi 11 also be 

excellent. In such a situation, it Is assumed that the 

decision variable matrice~ 0f Parameters 13, 14, 16 and 17 

will become all-one matr ir."R (sel>. Fig. 9.2). 

Based on the above assumpt Ions, the dec i 5 i on var iable 

matrices of Parameters 13, 

and their elements are 

14, 16 and 17 are to be amended 

all re-entered as 1 when the 

computer program SENSIANA is run. A complete record of 

the dialogue between the user and the computer Is shown In 

Section 9.4.2. The computer run gives a result on P.189 

that primary clarifier + high-purity oxygen activated 
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sludge process + tertiary treatment (le. Decision Variable 

5 is the mo~t appropriate treatment alternative Instead 

of pr imary clarifier + RBC + tertiary treatment (ie. 

Decision Variable 7) as obtained previously (see Section 

7.5 of Chapter 7). 

9.4.2 Running The Computer Program 

This section must be read in conjunction with Appendix 

B.2.1, the user's manual of SENSIANA. The ten decision 

v"riables to be ranked as given on Page 116 (Section 7.5) 

should also be referred to. The follo"'ing is record of 

running the program. 

Order of decision variable matrix is n x n where n = 10 

Enter the parameter number whose matrix is to be reviewed. 

The number (le. the Kth parameter, K = 1 to 20) is 7 13 

The decision variable matrix is: 

1.000 1.000 1.000 1.000 2.000 3.000 1.000 1.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 3.000 1.000 1.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 3.000 1.000 1.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 3.000 1.000 1.000 1.000 2.000 
0.500 0.500 0.500 0.500 1.000 2.000 0.500 0.500 0.500 1.000 
0.333 0.333 0.333 0.333 0.500 1.000 0.333 0.333 0.333 0.500 
1.000 1.000 1.000 1.000 2.0no 3.000 1.000 1.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.000 3.000 1.000 1.000 1.000 2.000 
1.000 1.000 1.000 1.000 2.0no 3.000 1.000 1.000 1.000 2.000 
0.500 0.500 0.500 0.500 1.000 2.000 0.500 0.500 0.500 1.000 

Do you want to change data in the "bove matrix? Y or N 7 Y 

You only have to enter the upper triangular elements 

A( 1 , 1 ) = 1 
A( 1 , 2 ) = 1 
A( 1 3) = 1 
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A( 1 , 4 ) = 1 
A( 1 , 5 ) = 1 
A( 1 , 6 ) = 1 
A( 1 , 7 ) = 1 
A( 1 8 ) = 1 
A( 1 , 9 ) = 1 
A( 1 , 10 ) = 1 
A( 2 , 2 ) = 1 
A( 2 , 3 ) = 1 
A( 2 , 4 ) = 1 
A( 2 5 ) = 1 
A( 2 , 6 ) = 1 
A( 2 , 7 ) = 1 
A( 2 , 8 ) = 1 
A( 2 9 ) = 1 
A( 2 , 10 ) = 1 
A( 3 , 3 ) = 1 
A( 3 , 4 ) = 1 
A( 3 , 5 ) = 1 
A( 3 , 6 ) = 1 
A( 3 , 7 ) = 1 
A( 3 , 8 ) = 1 
A( 3 , 9 ) = 1 
A( 3 , ]0 ) = ] 

A( 4 4 ) = 1 
A( 4 , 5 ) = 1 
A( 4 , 6 ) = 1 
A( 4 , 7 ) = 1 
A( 4 , 8 ) = 1 
A( 4 9 ) = 1 
A( 4 , 10 ) = 1 
A( 5 , 5 ) = 1 
A( 5 , 6 ) = 1 
A( 5 , 7 ) = 1 
A( 5 , 8 ) = 1 
A( 5 , 9 ) = 1 
A( 5 , 10 ) = 1 
A( 6 , 6 ) = 1 
A( 6 , 7 ) = 1 
A( 6 , 8 ) = 1 
A( 6 , 9 ) = 1 
A( 6 , 10 ) = 1 
A( 7 , 7 ) = 1 
A( 7 , 8 ) = 1 
A( 7 , 9 ) = 1 
A( 7 , 10 ) = 1 
A( 8 , 8 ) = 1 
A( 8 , 9 ) = 1 
A( 8 , 10 ) = 1 
A( 9 , 9 ) = 1 
A( 9 , 10 ) = 1 
A( 10 , 10 ) = 1 

The decision variable matrix is: 
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1.000 1. 000 1.000 1.000 1. 000 1.000 1.000 1.000 1.000 1. 000 
1.000 1.000 1. 000 1.000 1.000 1.000 1.000 1. 000 1.000 1.000 
1.000 1. 000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1. 000 1. 000 1.000 1.000 1.000 1.000 1.000 1. 000 1.000 1.000 
1.000 1.000 1. 000 1.000 1. 000 1.000 1.000 1. 000 1.000 1.000 
1.000 1. 000 1. 000 1.000 1. 000 1. 000 1. 000 1. 000 1.000 1. 000 
1. 000 1. 000 1.000 1. 000 1.000 1.000 1.000 1. 000 1.000 1.000 
1.000 1.000 1. 000 1.000 1.000 1.000 1.000 1. 000 1. 000 1.000 
1.000 1. 000 1.000 1. 000 1.000 1.000 1.000 1. 000 1.000 1.000 
1.000 1. 000 1. 000 1.000 1. 000 1.000 1.000 1. 000 1.000 1.000 

Do you want to change data In the above matrix? Y or N ? N 

Do you want to change another decision variable matrix? Y 

Enter the parameter number whose matrix is to be reviewed. 

The number ( i e . the Kth parMm~ter , K = 1 to 20) Is 7 14 

The decision variable ma t r i x is: 

1.000 1.000 1.000 2.000 3.000 4.000 1.000 1.000 2.000 3.000 
1.000 1.000 1. 000 2.000 3.000 4.000 1.000 1. 000 2.000 3.000 
1.000 1.000 1.000 2.000 3.000 4.000 1.000 1. 000 2.000 3.000 
0.500 0.500 0.500 1. 000 2.000 3.000 0.500 0.500 1. 000 2.000 
0.333 0.333 0.333 0.500 1. 000 2.000 0.333 0.333 0.500 1.000 
0.250 0.250 0.250 0.333 0.500 1.000 0.250 0.250 0.333 0.500 
1.000 1.000 1. 000 2.000 3.000 4.000 1. 000 1.000 2.000 3.000 
1. 000 1. 000 1. 000 2.000 3.000 4.000 1. 000 1.000 2.000 3.000 
0.500 0.500 0.500 1.000 2.000 3.000 0.500 0.500 1.000 2.000 
0.333 0.333 0.333 0.500 1. 000 2.000 0.333 0.333 0.500 1.000 

Do you want to change data in the above matrix? Y or N ? Y 

You only have to enter the upper triangular elements 

A( 1 , 1 ) = 1 
A( 1 , 2 ) = 1 
A( 1 , 3 ) = 1 
A( 1 , 4 ) = 1 
A( 1 , 5 ) = 1 
A( 1 , 6 ) = 1 
A( 1 , 7 ) = 1 
A( 1 , 8 ) = 1 
A( 1 , 9 ) = 1 
A( 1 , 10 ) = 1 
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A( 2 , 2 ) = 1 
A( 2 3 ) = 1 
A( 2 , 4 ) = 1 
A( 2 , 5 ) = 1 
A( 2 , 6 ) = 1 

A( 9 , 9 ) = 1 
A( 9 , 10 ) = 1 
A( 10 , 10 ) = 1 

The decision var lable matrix is: 

1.000 1.000 1.000 1.000 1.000 1. 000 1.000 1. 000 1.000 1.000 
1.000 1. 000 1.000 1.000 1. 000 1.000 1.000 1. 000 1.000 1.000 
1.000 1.000 1.000 1. 000 1.000 1.000 1. 000 1.000 1.000 1.000 
1.000 1. 000 1.000 1. 000 1.000 1. 000 1. 000 1. 000 1. 000 1.000 
1.000 1.000 1.000 1.000 1.000 1. 000 1. 000 1. 000 1.000 1.000 
1.000 1. 000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1. 000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1. 000 1.000 1.000 1.000 1.000 1.000 1. 000 1.000 1.000 
1.000 1. 000 1. 000 1.000 1.000 1.000 1.000 1. 000 1.000 1.000 

Do you want to change data In the above matrix? Y or N ? N 

Do you want to change another decision variable matrix? Y 

Enter the parameter number whose matrix is to be reviewed. 

The number (ie. the Kth parameter, K = 1 to 20) is? 16 

The decision variable matrix is: 

1.000 1.000 1.000 1.000 1.000 3.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.0no 3.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.0UO 3.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 3.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 3.000 1.000 1.000 1.000 1.000 
0.333 0.333 0.333 0.333 0.333 1.000 0.333 0.333 0.333 0.333 
1.000 1.000 1.000 1.000 1.000 3.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 .1.000 1.000 3.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 3.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 3.000 1.000 1.000 1.000 1.000 
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Do you want to change data In the above matrix? Y or N ? Y 
You only have to enter the upper triangular elements 

A( 1 , 1 ) = 1 
A( 1 2 ) = 1 
A( 1 , 3 ) = 1 
A( 1 , 4 ) = 1 
A( 1 , 5 ) = 1 
A( 1 6 ) = 1 
A( 1 7 ) = 1 
A( 1 8 ) = 1 
A( 1 , 9 ) = 1 
A( 1 , 10 ) = 1 
A( 2 , 2 ) = 1 
A( 2 , 3 ) = 1 
A( 2 , 4 ) = 1 
A( 2 , 5 ) = 1 

A( 9 , 9 ) = 1 
A( 9 , 10 ) = 1 
A( 10 , 10 ) = 1 

The decision variable matr i x Is: 

1.000 1. 000 1.000 1.000 1.000 1.0no 1.000 1.000 1.000 1. 000 
1.000 1. 000 1.000 1. 000 1.000 1.0no 1.000 1. 000 1.000 1. 000 
1.000 1.000 1.000 1.000 1.000 1. 000 1.000 1.000 1.000 1. 000 
1.000 1. 000 1. 000 1.000 1. 000 1. 000 1.000 1.000 1. 000 1.000 
1.000 1.000 1. 000 1.000 1.000 1. 000 1.000 1.000 1.000 1. 000 
1. 000 1. 000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1. 000 1. 000 1.000 1.000 1. 000 1. 000 1.000 1.000 1. 000 
1.000 1. 000 1. 000 1.000 1.000 1.000 1.000 1.000 1.000 1. 000 
1.000 1. 000 1.000 1. 000 1. 000 1. 000 1.000 1. 000 1. 000 1.000 
1. 000 1. 000 1. 000 1. 000 1. 000 1.000 1.000 1. 000 1. 000 1. 000 

Do you want to change data In the above matrix? Y or N ? N 

Do you want to change anoth~r decision variable matrix? Y 

Enter the parameter number whose matrix is to be reviewed. 

The number (le. the Kth parameter, K = 1 to 20) Is? 17 
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The decision var lable matr Ix Is: 

1.000 1.000 1.000 2.000 3.000 5.000 1.000 1.000 1.000 3.000 
1.000 1.000 1.000 2.000 3.000 4.000 1. 000 1.000 1.000 3.000 
1.000 1.000 1. 000 2.000 3.000 4. 000 1. 000 1. 000 1.000 3.000 
0.500 0.500 0.500 1.000 2.000 3.000 0.500 0.500 0.500 2.000 
0.333 0.333 0.333 0.500 1.000 2.000 0.333 0.333 0.333 1.000 
0.200 0.250 0.250 0.333 0.500 1. 000 0.200 0.200 0.250 0.500 
1.000 1.000 1. 000 2.000 3.000 5.000 1. 000 1.000 1.000 3.000 
1. 000 1.000 1. 000 2.000 3.000 5.000 1.000 1. 000 1. 000 3.000 
1.000 1. 000 1.000 2.000 3.000 4.000 1. 000 1.000 1. 000 3.000 
0.333 0.333 0.333 0.500 1.000 2.000 0.333 0.333 0.333 1.000 

Do you want to change data In the above matrix? Y or N ? Y 

You only have to enter the Il ppe r: triangular elements 

A( 1 , 1 ) = 1 
A( 1 , 2 ) = 1 
A( 1 , 3 ) = 1 
A( 1 , 4 ) = 1 
A( 1 , 5 ) = 1 
A( I , 6 ) = 1 
A( 1 , 7 ) = 1 
A( 1 , 8 ) = 1 
A( 1 , 9 ) = 1 
A( 1 , 10 ) = 1 
A( 2 , 2 ) = 1 
A( 2 I 3 ) = 1 

A( 9 I 9 ) = 1 
A( 9 I 10 ) = 1 
A( 10 I 10 ) = 1 

The decision variable matrix 

1.000 1. 000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1. 000 1. 000 1.000 
1. 000 1. 000 1.000 1. 000 1.000 
1.000 1.000 1. 000 1. 000 1. 000 
1. 000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1. 000 
1.000 1.000 1.000 1.000 1.000 
1.000 1. 000 1.000 1. 000 1. 000 

Do you want to change data In 

is: 

1.000 1.000 1. 000 
1.000 1. 000 1. 000 
1.000 1. 000 1. 000 
1.000 1. 000 1. 000 
1.000 1. 000 1. 000 
1.000 1. 000 1. 000 
1.000 1. 000 1. 000 
1.000 1. 000 1. 000 
1.000 1. 000 1. 000 
1. 000 1.000 1. 000 

the above matr i x? 
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1. 000 1. 000 
1. 000 1. 000 
1.000 1.000 
1. 000 1. 000 
1. 000 1. 000 
1.000 1.000 
1. 000 1.000 
1.000 1. 000 
1.000 1. 000 
1. 000 1. 000 

Y or N ? N 



Do you want to change another ~prlslon variable matrix? N 

Please wait. Ca1ru1ation of rilnking of th", alternatives 
is in process. 

The ranking is: 

RANKING IN \ 

A 1 tern"tI VP. 1 ~8.60932 

Alternative 2 66.74297 
Alternative 3 66.74297 
Alternative 4 94.03391 
Alternative 5 100 
Alternative 6 90.31671 
AltpTnatlve 7 99.60104 
Alternative 8 64.~6311 

Altp.rnative 9 88.<;1567 
Alternative 10 89.19321 

9.5 Observation 

It can be seen from Section 9.4 that there will be a 

change of appropriate technology for Hin Shen STP if 

certain social and environmental conditions change with 

time. The author has also tried to run SENSIANA to'~arry 

out forecasting exercises for wastewater treatment plants 

other than Hln Shen, but these were not successful in 

obtaining different rankin'Js cnmpared tr· those obtained 

previously shown in Chapters 7 and 8. The reason may 

probably be thl~ if In the or Iginal ranking (ie. result 

obtained by running HODEL) the rtlfferencp In \ between the 

first best and the second best alternatives is 10\ or more 
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then the first alternative will not easily become the 

second or lower in the sensitivity analysis. The best 

alternatives for situations of Malaysia, Thailand and Hong 

Kong do not change in the forecasting exercise, because 

they are all higher by more than 10\ than their respective 

second best alternatives. The above statement is merely an 

informed guess of the author from the limited trials on the 

exercise and is suggested without a sound support of 

mathematical theories. However, this issue can be an 

interesting area which mathematicians and engineers should 

be able to find a lot more to explore. 

9.6 A Further Illustration 

It is a bit unfortunate that the wastewater treatment 

pli'lnts under test except the Hin Shen STP in Taiwan have 

results which are so overwhelmingly in one direction that 

the forecasting function (senSitivity analysis) of the 

model cannot be easily demonstrated. An i_gi nary treat-

ment plant, therefore, is employed here to further 

illustrate this particular function of the model. 

The imaginary plant is situated just outside Tun Mun 

(a newly developed and modern town quite far away from the 

city) of Hong Kong. As it is a relatively remote area the 

land there at present is not very costly. The plant has to 

serve a population of about 3,000 persons (an average flow 

of about 1,000 m
3
/day), who live in a low density 
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residential housing estate near Tun Hun. The site given 

for thp. plant Is located at a corner of the egtate. I t Is 

not a large site and treatment methods requiring large area 

are therefore not suitable. Effluent standard of "Royal 

Commission Recommendation" is required. As the residents 

would like to see only minimal exposed sewage, the manage-

ment of the housing estate has decided that only package 

sewage treatment plants should be used. 

It should be noted that in a vigorous selection the 

decision of using package plants should be obtained from an 

initial ranking of the alternatives in category A, B, 

••• I H or category a, b, ••••• I 1 of Fig. 4.1 of Chapter 4. 

The Initial ranking is npglpcted here because. the purpose 

of this section is only to give a further illustration of 

how the sensitivity analYSis can be practically applied. 

NOw, the problem I s to se lect the best alternat I ve out of 

four, namely, decision variables 43, 44, 4S and 46 as 

described In Section 4.3 of Chapter 4. They are reproduced 

hereunder for easy reference. 

Treatment Alternative 

1 

2 

3 

4 

Description 

Packagp. activated sludge plant 

Packag~ activated sludge plant 
+ Tertiary treatment 

Package high-purity oxygen 
plant 

Package high-purity oxygen 
plant + Tertiary treatment 
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The 20 decision variable matrices for the parameters 

are as follows: 

PARAMETER 1 : Flow 

1. 000 1.000 1. 000 1.000 
1. 000 1.000 1.000 1.000 
1. 000 1.000 1.000 1.000 
1.000 1. 000 1.000 1.000 

PARAMETER 2 : Influent I Effluent 

1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 

PARAMETER 3 : Size of site 

1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 

PARAMETER 4 . : Nature of 

1. 000 1. 000 1.000 1. 000 
1. 000 1. 000 1.000 1.000 
1.000 1. 000 1.000 1.000 
1. 000 1. 000 1.000 1.000 

PARAMETER 5 : Land cost 

1.000 2.000 0.333 0.333 
0.500 1.000 0.333 0.333 
3.000 3.000 1.000 2.000 
3.000 3.000 0.500 1.000 

site 

PARAMETER 6 : Local money for construction 

1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
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PARAMETER 7 : Foreign money for cnnstruction 

1.000 1.000 2.000 2.000 
1.000 1.000 2.000 2.000 
0.500 0.500 1.000 1.000 
0.500 0.500 1.000 1.000 

PARAMETER 8 : Local skill for construction 

1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 

PARAMETER 9 : Community support 

1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 

PARAMETER 10 : Power source 

1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 

PARAMETER 11 : Availability of local material 

1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 

PARAMETER 12 : Cost of operation & maintenance 

1.000 1.000 2.000 2.000 
1.000 1.000 2.000 2.000 
0.500 0.500 1.000 1.000 
0.500 0.500 1.000 1.000 

PARAMETER 13 : Professional skill for operation & maintenance 

1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
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PARAMETER 14 : Local technical skill for operation & maintenance 

1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 

PARAMETER 15 : Administration set-up 

1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 

PARAMETER 16 : Training 

1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 

PARAMETER 17 : Professional ethics 

1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 

PARAMETER 18 : Climate 

1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 

PARAMETER 19 : Local water-borne diseases 

1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 

PARAMF.TER 20 : Endemic vector-horne (water related) diseases 

1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
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The ahove twenty decision variable matrices are Input 

into the MODEL and the ranking calculated is: 

RANKING IN , 

Alternative 1 
Alternative 2 
Alternative 3 
Alternative 4 

100 
99.59249 
98.8111 
97.58864 

The best alternative obtained is Package activated 

sludge plant (ie. Alternative 1). As can be seen from the 

result, the final decision is not so overwhelmingly in one 

direction as compared to previous cases. It may be 

possible that the final decision will be changed by 

altering one of the parameters. 

If the management would like to use the effluent for 

watering grass lawns surrounding the housing estate, a 

higher effluent standard would be needed. Hence, the 

decision variable matrix of Parameter 2 (ie. effluent 

standard) would need to be amended. This could be done by 

running SENSIANA. The following shows a record of running 

the program. 

Order of decision variable matrix is n x n where n = 4 

Enter the parameter number whose matrix is to be reviewed. 

The number (ie. the kth parameter, k = I to 20) is? 2 
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The original decision variable matrix Is: 

1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 

Do you want to change data in the above matrix? Y or N ? Y 

You only have to enter the upper triangular elements 

A( I I 1 ) = 1 
A( 1 I 2 ) = .333333 
A( 1 I 3 ) = 1 
A( 1 I 4 ) = .333333 
A( 2 I 2 ) = 1 
A( 2 I 3 ) = 3 
A( 2 4 ) = 1 
A( 3 I 3 ) = 1 
A( 3 I 4 ) = .333333 
A( 4 4 ) = 1 

The new decision var lable matrix Is: 

1. 000 0.333 1.000 0.333 
3.000 1.000 3.000 1.000 
1. 000 0.333 1. 000 0.333 
3.000 1.000 3.000 1. 000 

Do you want to change data in thp. above matrix? Y or N ? n 

Do you want to change another decision variable matrix? n 

Please wait. Calculation of ranking of the alternatives 
is in process. 

The rank ing is: 

RANKING IN '\ 

Al terna t: i ve 1 
Alternative 2 
Alternative 3 
Alternative 4 
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It can be seen that the best alternative has now 

changed to Package activated sludge plant + Tertiary treat­

ment (ie. Alternative 2). 

Some years later, as development has been taking place 

rapidly in this part of Hong Kong, more people are coming 

to live in Tun Mun and its surrounding areas. There are a 

great demand of new houses in the housing estate. The 

management has an idea of expanding the estate and Is 

think ing of building new houses on the surrounding grass 

lawns. As such, reuse of e f fluent is no more requi red. 

The current land cost, however, is much higher than in 

those earlier years and th" management may have to expand 

the housing project at th" expense of the curtai Iment of 

the site for sewage treatment. NoW, the decision variable 

matrix of Parameter 5 (ie. land cost) should be amended. 

The program SENSIANA is run again as follows. 

Order of decision variable matrix is n x n where n = 4 

Enter the parameter number whose matrix is to be reviewed. 

The number (ie. the kth parameter, k = 1 to 20) is? 5 

The original decision variable m~trix is: 

1.000 2.000 0.333 0.333 
0.500 1.000 0.333 0.333 
3.000 3.000 1.000 2.000 
3.000 3.000 0.500 1.000 
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Do you want to change data In the above matrix? Y or N ? Y 

You only have to enter the upper triangular elements 

A( 1 I 1 ) = 1 
A( 1 I 2 ) = 3 
A( 1 I 3 ) = .142857 
A( 1 I 4 ) = .166666 
A( 2 I 2 ) = 1 
A( 2 I 3 ) = .125 
A(2 I 4 ) = .142857 
A( 3 I 3 ) = 1 
A( 3 I 4 ) = 3 
A( 4 I 4 ) = 1 

The new decision variable matrix Is: 

1.000 3.000 0.143 0.167 
0.333 1.000 0.125 0.143 
7.000 8.000 1.000 3.000 
6.000 7.000 O. 333 1. 000 

Do you want to change data In the above matrix? Y or N ? n 

Do you want to change another decision variable matrix? n 

Please wait. Calculation of ranking of the alternatives 
is in process. 

The ranking is: 

RANKING IN '\ 

Alternative 1 
Alternative 2 
Alternative 3 
Alternative 4 

99.34187 
?8.98346 
100 
97.49687 

It can be seen that the best alternative has changed 

again to Package high-purity oxygen plant (ie. Alternative 

] ) . 
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The above Is an imaginary situation by which the 

appllcation of sensitivity analysis / SENSIANA is illus­

trated. It is the author's hope that readers could have 

appreciated it better after going through this section. 
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CHAPTER 10 --- DISCUSSIONS AND ACKNOWLEDGMENT 

10.1 Suggestion for Further Works 

This research has proposed 11 new approach to select 

the most appropriate technology in wastewater treatment 

alternatives. The major advantages of this approach have 

been described in Section 5.3 of Chapter 5 and will not be 

repeated here. It Is a macro-level approach as opposed to 

detailed micro-level analysis given by the existing 

optimization techniques as described in Chapter 3. There 

are limitations, however, in the mod~l c~veloped in this 

research. The following will give an account of the 

limitations and the author's suggestion for possible 

further work which can be done to improve the model. 

A major drawback is that sludge treatment alternatives 

are not considered in the model. Sludge treatment is an 

inseparable part of wastewater treatment and should be 

planned and designed togeth~r with liquid treatment. It is 

sugg~sted that further works should be done on developing 

as well as integrating a sludge treatment alternative 

selection model to the one developed in this research. It 

is envisaged that many of the parameters used in this 

1 iquid treatment selection mod~l wi 11 also be used in the 

sludge treatment selection model. Only a 

might need to be deleted and a few added. 

few parameters 

The first 3 best 

alternatives from running the liquid treatment model and 
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the first 3 best ones from the sludge trea~ment model will 

be combined to form a tntal of 9 (le. 3 x 3) decision 

variables. They will then be ranked by using a similar 

approach so that the best llquld-cum-sludge treatment 

alternative can be obtained. I t may be poss ible that a 

computer program be written such that this whole process 

will be done internally and automatically by the computer 

and require no Input of extra data. 

Another drawhack to this model lies in the difficulty 

in constructing deciSion variable matrices. At present it 

Is a very tedious and time consuming task. The author has 

spent weeks In constructing the matrlc~s as shown in 

Chapter 8. I n order that the mode 1 will be of a pract ica 1 

value in engineering application an easier and a less time 

consuming method In this re~pect should be investigated. A 

method to Improve this drawback is to Identify an order of 

preference for the decision variables with respect to each 

parameter. Once the order of preference is identified a 

decision variable matrix can be formed automatically by 

incorporating an additional sub-routine in the computer 

program. 

will be 

The matrices constructed in this way, however, 

totally consistent. Therefore, this suggested 

method will have the advantage of shortening the time of 

construction but will also have the disadvantage of 

Ignoring the inconsistency usually exIsting In real 

situations which can only be reflected when Individual 

pair-wise comparisons are made. Secondly, a more 
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systematic procedure 1n con~lder'ng th~ Indicators as 

described by the parameter~ should also be developed so 

that the construction of decision variable matrices can be 

carried out in a more scientific manner. It may be 

possible that some subjective parameters be quantified and 

measured systematically by using certain measurable 

Indicators which describe the subjective ~rameters. This 

systematic procedure should be looked Into along side with 

the problem associated with matrix construction discussed 

in the earlier part of this paragraph. 

As mentioned in Section 9.5 of Ch~;·ter 9, further 

works should be done on the sensitivity analysis (or 

forecasting exercise), both In theory and in systematic 

application. The author has only thrown out an idea in the 

chapter and a large amount of poss i ble development will 

need to be explored. 

Although it is the author's belief that the parameter 

matrix proposed in this the~ls is a sound one, yet it does 

not mean that no further Improvement will be necessary in 

the future. It is self-evident that "two heads are better 

than one", and In this case, several hea~s will be even 

better. The use of expert opinion, the Delphi 

technique (1,2), may be applied to improve the parameter 

matrix. The technique Involves the findings of the most 

reliable consensus of opinion of a group of experts, and 

this Is achieved by means of a series of Intensive 
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questionnaires intersperse~ with summarized information and 

opinion feedback derived from earlier responses. The 

details involved in the Delphi technique can be found in 

References 1 and 2. The application of the technique is 

outside the scope of this thesis. 

In the Delphi method, 

anonymously to the series 

each expert selected 

of questionnaires 

responds 

to avoid 

disproportionate 

Another method, 

approach, is to 

discussion. In 

influence of strong personalities. 

differing appreciably from the Delphi 

gather the experts together for open 

attempting to present their arguments 

openly, the experts providp. judgements by mutual agreement 

and revision of views. This second metho~ is a simpler and 

quicker procedure than Delphi and its results can be highly 

effective. Its only disadvantage is that some strong 

personalities in the group may influence the views of the 

others in face to face discuss i on. Neverthe less, both 

methods of analysing the problem will improve the quality 

of judgements. The author bel ip.ves that the accuracy of 

the model will be improved if either one of the methods be 

employed in judging the parameter matrix. 

Furthermore, the 46 ~ecis\on variables listed in 

Section 4.3 of Chapter 4 are in no way a complete list of 

wastewater treatment alternatives. Other treatment 

alternatives may be added to the list and by doing so the 

hierarchical structure of the decision variables may 
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probably need some adjustments. The existing list of 

decision variables, however, is believed by the author to 

be adequate in normal engineering applications. 
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APPENDIX B.1.1 --- USERS' MANUAL (MODEL) 

B.1.1.1 

Type "Model" against the "A>" prompt (or "C>" prompt 

if a hard-disc of XT or AT is used) and th~n press <ENTER>. 

The following will be shown on the screen: 

*****tttt*t*t*****************************************tt*t. 

* * * RANKING OF LIQUID TREATMENT ALTERNATIVE" * 
* * * Order of decision variable matrix is n x n where n = * 
* * 
tt***tt*tttt*****************************_****************t 

Then, type the number of decision variables to be ranked 

and press <ENTER>. The computer will respond as follows: 

*t*t***tt*********************************************tt**t 
* * PARAMETER 1: Flow * 

* 
* * * Do you want to use data from an eXisting file? Y or N? * 
* * 
tt******tt*t******************************************t**** 

The answer can either be (i) No or (ii) Yes 

I f the answer is No then see (i) hereunder. I f the answer 

is Yes then see (U) in Section B.1.1.2. 

( i) !iQ.: Respond by typing "N" and then ,?ressing (ENTER> 

if the data are not alre~dy st0r~~ in an existing 

data file. The computer wi 11 then respond as 

follows: 
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*************.**************************** •• **********t*t*. 

* * * You only have to enter the upper triangalar elements * 
* * *A(l,l)= * 

* * 
* ? * 
* * 
****.********.*************************** •• **********.***** 

So, input all (up to six decimal places) against the "7" 

prompt and press <ENTER>. The computer viII then continue 

to ask one to enter al2, al3 and so on until all the upper 

triangular elements (ie aij for 1 ~ i < j ~ n) are entered. 

After the last element, ann' has been entered, the 

following will appear on the screen: 

tt*****.*t**********·**··********.****.****t*.***** •• *tt*** 

• * * The n x n matrix just entered is: • 
* • 
* 
* • 
* 
* 

(all elements are shown here up 
to three decimal places although 
they have been entered in six 
decimal places) 

"­I 

* • 
* 
* 
* 
* • 
• 
* * * * Do you want to change data in the above matrix? Y or N7 * 

* * t*****t*.**********************************************t*** 

If the answer is yes, type "Y" and press <!NTER>. The user 

will then be asked to enter data again in the same manner 

as just descr i bed. I f the answer is no, type "N" and press 

<ENTER> . The computer will tell one to wait for a short 

while, and will then show on the screen that this matrix is 

stored in a file named "PARAl.LIQ" After that, the user 
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will be told by the computer to press <ENTER> to continue. 

So press <ENTER>, and the screen will respond as follows: 

******************************************************ttttt 
* 
• PARAMETER 2: 
• 

Influent / Effluent * 
* 
* * Do you want to use data from an existing file? Y or N? * 

* * tt*t*tttttttt*****************************************t*ttt 

Now, the user is asked to input data for parameter 2. So, 

repeat responding to the computer in a similar manner as 

previously described unti 1 data for all the 20 parameters 

are entered. 

B.1.1.2 

(ii) Yes: If data are already stored in an existing file, 

type "Y" and then press <ENTER>. One wi 11 see 

the following on the screen: 

tt*t*tttttttt******************************************tttt 
* 
* Name of the existing file is? 
* 

* • 
* tt*t*ttttttttt****************************************tt*tt 

Type the name of the existing data file "PARA1.LIQ" (data 

files are named as PARAl.LIQ2, PARA2.LIQ, ••••• I 

PARA20. LIQ) and then press <ENTER>. The computer will 

respond as follows: 
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*********************************************************** 
* * * The decision variable matrix is : * * 

1 
* .-
* * 

* ( all elements o£ * * the matrix are * * sho\ofll here) 
* * I * * ) * * * * Do you want to change data in the above !llatrix? Y or N? * * * *****************************************1***************** 

I £ the answer Is no, then cont inue to interact wl th the 

computer as previ ously descr i bed. I £ th~ answer is yes, 

then the compute will ask the user to re-enter a11, a12, 

••••• I ann· 

B.1.1.3 

Another feature of the prograll is that it 

automatIcally tests the consistency of the data entered. 

It allows them to have a certain degree of inconsistency 

but not too much (see Section 5.3.3). If the data entered 

are too inconsistent, the computer will inform the user of 

it and ask if he wants to revise the data. 

B.1.1.4 

Keep on res~onding to the computer un:il all data are 

entered into the model. After the data for Parameter 20 

have been entered, one will see the following on the 

screen: 
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***********~*******'**'**'**'*****************tt***,*,****,** **'** 

• 
• You have already entered all the nec~ssa~y data 

* 
* 
* 
* 
* 

• * Press the RETURN key to continue 

* *' *' '* * * ** '* .. * **' *' .. *' * *' *' * .. ** ** * * * * *' '* *' * '* * '* *' *' '* '* ** * * '* * •. * *' *' .... *' *' *' *' .. * *' 

If the user presses (ENTER>, he will be told to wait as the 

calculation of the ranking of the treatment alternatives is 

in progress. After a short while, the result of the final 

ranking will appear on the screen. The user will then be 

asked whether to run the program again. If your answer is 

yes, the whole program will be run again, and if no, the 

program will end. 
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APPENDIX 8.1.2 --- FLOW CHART (MODEL) 

START 

OPEN OUTPUT 
DOCUMENTATION 

FILE "REPOR"r 

INPUT NUMBER OF 
DECISION VARIABLES 
TO BE RANKED 

K=O 

INPUT DATA FOR 
PARAMETERK 
(SUB-ROUTINE 1) 

® 
© 

CALCULATE 
PRIORI'TY VECTOR 
(SUB-ROUTINE 1-1) 

@ 

YES 

MAIN CHART 
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STORE ALL 20 
PRIORIlY VECTORS 
IN "COMPOMAT" 
(SUB-ROUTINE 2) 

CLOSE 
"COMPOMAT" 

® 
CALCULATE COMPOSITE 
PRIORIlY VECTOR 
(SUB-ROUTINE 3) 

® 

CLOSE 
"REPOR"r 

NO 

END 

YES 



YES 

INPUT NAME 
OF EXISTING FILE 

OPEN INPUT 
DATA FILE 

OPEN OUTPUT 
DATA FILE 

"TEMPDATA" 

STORE INPUT DATA 
IN "TEMPDATA" 

CLOSE INPUT 
DATA FILE 

SUB-ROUTINE 1 

DATA 
INPUT FROM 

EXISTING 
FILE 

LIST OUT DATA 
ON SCREEN 

CLOSE 
"TEMPDATA" 

NAME "TEMPDATA" 
AS "PARA. _LlQ" 

® 
220 

NO SEE 
SUB-ROUTINE' _, 

INPUT UPPER 
TRIANGULAR 
ELEMENTS 

OPEN OUTPUT 
DATA FILE 

"TEMPDATA" 

G 

STORE INPUT DATA 
IN ~TEMPDATA" 

YES 



p=p+1 

YES 
Gi)4----< 

EE 
US-ROUTINE 1 

SUBROUTINE 1,1 

WANT 
TO CHANGE 

DATA 

NO 

NO 

ASSUME AN INiTIAL VECTOR 
WITH ELEMENT CORRESPONDING 
TO THE MAXIMUM ROW SUM 
OF MATRIX A=1 AND All 
OTHER ElEMENTS=O 

NO 
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p = 1 
k. = 0 

CALCULATE kp 
(See References 3 & 6 
of Chapter 5) 

TEST FOR CONSISTENCY 

YES 

COMPUTE NORMALIZED 
EIGENVECTOR FOR 
ENGENVAlUE = kp 



SUB-ROUTINE 3 

OPEN AN 
EXISTING FILE 

"PARAMAT' 

INPUT DATA 
FROM ·PABAMAT: 

OPEN 
·COMPOMAT' 

INPUT DATA 
FROM ·COMPOMAT' 

CLOSE 
·PARAMAT" 

AND 
·COMPOMAT" 

CALCULATE 
PRIORITY VECTOR 
FOR ·PARAMAT' 

PERFORM MATRIX MULTIPLICATION 
TO FIND FINAL PRIORITY VECTOR 

LIST OUT RESULT OF 
MULTIPLICATION - RANKING 
OF DECISION VARIABLES 

F 
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!OO PE" "',." •••••• , •• " •• ,., •• "."., ••• ,.,.,.,t" •• t ••••• ,'.tt"'tt"f'ttt. 
11 ,) RE~ 
120 1E~ 
130 REM P~06PA" Nm : MODEL 
140 RE~ 
150 RE~ 
16') PEM 
170 RE~ 

AIJT~OR : S, L TANG 
04 lE WRITTEN : 1986 

180 RE" "tfftttt"""'t""".""'f"""t't,t't"'.""' •• ""'t""t, •• ", 
190 REM 
200 PE~ 
210 ~E~ 
220 ~E/'I 

230 .pEM 
240 ~EM 
250 ~E'" 

P'O&~A" DImIPTION: 
T~!S IS 4 PROGRAM fOR fINDING THE PAN~!N8 Of O!ff,O,~: 
WASTE WATER IREATMENT ALTEPNAT! VES 

250 ~EM '.".""'fl'fll, •• tf'.""'t,t"""""""'f""'"fl'I'II""I"". 
~i!) :'.EI1 
280 ~E~ 

290 ~E~ 
100 REM 
310 RE" 
320 RE" 
330 ~EM 
340 RE" 
150 QE~ 
360 RE" 
170 ~E" 
380 RE~ 
390 REM 
400 RE" 
410 REM 
420 0E~ 

43') PEM 
,"0 PEM 
'50 RE" 
460 RE" 
470 PEM 
480 ~E" 

4~O ~E~ 

~OO ':E~ 
51.) pE" 
520 ~:E~ 

530 PE" 
54Q RE" 
550 ~E~ 
%0 RE" 
570 REM 

OA1A DICTiONARY: 

INPUT VARIABLES: 

~ , OPDEo Qf DErISIO~ VARIABLE MATPII 
EUILEI , ANSWER fOP WHETHER TO lJSE A~ mSl!N, f!LE 

NA"I , NAME fOR AN EIISTINS fILE 
raNI, PRESS PETUP~ KO TO CO~T!NUE 

A ' ARRAY fOR DATA IMPUT INTO DECISION VARIABLE "mn 
CH,OATAI , ANSWER fOR WHETHER TO CHANGE DATA I~ A MATRIl 

REVI ' ANSWE~ fOR WHETHER TO REVISE DATA IN A MATP!I 
PA~A,"AT , ApPAY rOR PARA"~TEP MATPII flLE 'lAMED 'PAP"'!' 

~AT , ARPAY fOP COMPOSITE ~ATPII r!LE ~A~E~ 'CQ~~"'AT' 
'EPUNI , ANS~~R fOp ijWE~~P TO RERIJN THE PP06PA~ 

!~PllT!OllTPIJT 'IAPIABLES: 

O£rI'm,~Al , ARRAY fOR omSIO~ VARPBL~ "ATR!( 
COMPO,MAT ' .ARpAY fOR COMPOSITE "ATR!! 

OUTPUT 'IARIABLES: 

PEPCENT = APPAY fOP COMPOSITE PPOIPITY VECTOR ElpoE,S '" 
mM, or P~PCE~U~E 
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~81' P[~ 

:,~O P.E~ 

500 ~E" 

OIJT?IJT rJl.!:: 

~E~QH.~!g : ~E?QpT SHOW!'IB T~E OIAlD6l1E 0, IrE IJSE~ 

AN9 THE CO~P'JfEp WHE~ RIJNNm THE ~ODEL 
CO"PO~H.UQ : :HE co~posm W?Il 

PAP'·.LlQ : DECISION VARIABLE "ATm Of P'PA"ffER • (':H'" 

,~10 .;(EM 
S2~ ~E~ 

;·30 PE" 
6.1ry ~£" 
&50 ~E~ 
,1;0 ~E" 
,70 ~:E" 

~aQ ~E~ 

510 ~E" 
'00 ~E" 
710 REM 
720 RE" 
730 PE" 
7~O ~E~ 

;50 ~Ei'I 

160 REM 
170 RE" 
180 PE" 
7~1) PE~ 

~Oi) PE'! 

:3!" ~E~ 

3~~ ~E~ 

~Op.nN8 VAQPBLES: 
r : THE itn PAR,"E'E" 

P'"" : H'"E or PARA"ETE~ 
ll" : fiLE NA"E Of DECISION VA~!'!lE ~ATm 

TE"p~Aa : TE"PORAPY riLE ,OP STORING OECISIO·~ VARIABLE ":'11 
I, J : LOOP CONT~OL 

ROW.S~ = ARRAY rOR SUM or ELE"ENTS IN EACH ROW or A ~ATRII 
Pow = POW H'J"BER or "AmU" ELBENVALUE 

VECTOR: mAY rop INITIAL VECTOR m SUBSEQUENT vECre,S 
( : f.RRA~ ro~ TEi":P:J";·~~Y €IIjENVETO?, [11}?PJG IE?,qE:.: 

".:'~ : ~05T ~ECENT ~!{ ElEI1ENT IN ',IECTOR DU~U~5 j;E:,r!';:~s 

P~E,,"t = ~AII~IJ" ELE~ENT IN VECTOR AT THE PREVIOUS !:EW:(l.II 
01" : DIF'ERENCE or ~A( ~ND PpE.~AI 
Ej~,~ : A~PAY rOR EL6ENVECTOR 

~IOPoE!S:~ : ~F'~':.y ~IJtI ,'JO;:"WAL!:~~ E~:::·;'.'~'~71];' 

E!6E~, ~:.:. : SfJI4 or Ht~pH"~ !~ E!~E~~'tl:TiJP' 

O:O~SIS. ID. : CONSISTENCY !~O" 

,~AI; : U~IT Of CONSISTENCY INOEI 
g : T~£ r~" r.OLU~. Of (O"POSIT, "AT~II g.so ~E!1 

851) ~El" 

%0 ~E" 
~F') QE~ 

gal) QEl1 
8~1~ RE~ 

)IO~.PARA\'EC : APpAY 'OR NOR~AUZED ElGENVECTOR or PAPA"ETE~ .mm 
CO"PO.VEC: mAY rop CO~POSITE PRIORITY vmOR 
CO~PO. m : "AHMUM ELEMENT or COMPOSITE PR!OPITY VECTOR 

~~9 ~E" 
~IO REM 
920 ~f~ 'ttlll"I.tf'ff'I't"'I't"'t ••••••• t""'f'ftt'f, •• t' •• , •• t.t" •• fft .. 
j30 p," 
9£0 PEM 
~Si) ~E~ 
'?;.) PE~ 
~70 ?EM 
~ijO ~E~ fffffffffff'ff""'4"'f'ftl'tltffffl'tffflf'I'lltfff'"'~'f""f"'" 
990 .~ 
~r;n~ tlpt 

1010SOSUB 1130 

!')10 :jOSUB 5230 
! ,)41) GOSUB 5J 70 
!I)~I) ::~o 

ll)~;) ~'E~ 

1070 ,E~ 
~ ')81) ~E:"! 

~ ('o?!) ~E!'! 

: ~EM !~IT!AL!lE 

~E~ P£?F"Q~:~ SI.:9-;"OIJT!,.,E ! 
~E~ PE~FOP~ SIJ9-P.DIJT P~E 2 
REM PERfORM SUB-ROIJIlNE 3 

1100 PE~ "lfff"'lf"""""f"ttf'f"'tttf"'ftt'ft""""" ~"""ft"fft'ff 
: ! 1 ~ ~'E~ 



! 131) ~E:1 

! 140 RE~ 
!!5') >E~ 
1160 Q£M ff ••••• f.f ••••••••••••••••••••••••••• , •••••••••••••••• '., ••• ' ••••••• f. 

! 170 >,~ 
1 !50 ~E'" 

11'~O Opt A(?!J,10), DEClr .. ~~."~T(ZO,2t)~i PAN .. ~AT':2(li2~1·lj PO~,SJ}-"h~0) 

1200 OI~ 'JETQ9120), CI 2')), EI';ENI i')), NOR. Er':E~i1')), ~09 ,PA9AV,( I CO) 
1210 DI~ COMPQ,MATl20,2Ol, MATt20,iO), COMPO.VEC(20), pERCENT/20) 
!220 REM 
1230 REM 
!240 OPEN '0', tl, '~EPORT,Llg' 

1,50 REM 
1 ~oo PEM 
1170 PRIIH ·pm.Hls OF LIQUID mAi~ENT ~LrE;'~m'IES' 
!23') PRINT 11, 'PANrIN6 OF lIQUIO T~m~E~T 'LTE.'m!VES· 
12'~O P~I~lT ?~!NT 11, •• 
~300 P9.I~T p~pn It, •• 
131() popn PPPH .!, 
~ ?;() P~INT PQ!)n 11, 
: 3?0 P~I'JT ~J)I~T I ~ J 

~351) nlPOT 'Order .,f d::d~i.:.n v~ri:~!~ -"i:,ri,:,!::, f' ·~r . .::.~:"I:·, 'j 

:2:;,) P~I:-fT ~!j "O'·:~!, "f ·~=·:i:i':'!"! v:!'l:bl; ~:H!i.~ is!"! l !! .i1E~'::!'I : 'j I.j 

:?7(1 .~~UH : ?RHH ~!j 

!380 PRm pRINT !1, •• 
: 390 RETURN 
140') PEM 

. !410 REM 
142Q PE~ 
1430 REM 

1440 RE" '.".f'."ft"""f"""'tfff"'fft.f •• "tf'ff""'""fftlfftlt""-
14S0 9E~ 
1460 REM 
! 4iO P.EM 
: 4090 ~tt1 

1")1) ;EX 
l~OI) REM 
~~!l) "f~ 

1 ~20 PE~ 

SU8-~OlJTINE 1: 
THIS IS A SU8-POUTINE FOP INPUTJN6 Dm (ie, DECISION 
'IAPIA8L€ MATPICEj) TO T~E .~OOEL, Sm"Pl6 THE~ I~ SEPA~q 

FILES AND CALCULATING Bl SIJHQUrr~E 2 T~E p910mv Vm,}" 

!~30 RE~ '+f.,tt.t •• t"'".,.',.t"., •• , ••• ,.".,t., •• " •• , •• ,."""" •• ,t"" 
! 5~1) RE~ 
: 5~.1) i:'E~ 

: %~1 ~E~ 
! 570 ~E~ 
:580 m 
: 59,) FOR Y. ' 1 TO 2~ 
:~.I)(J ~E!~ NPAt 

!SIQ PEAO UQ' 
~ 520 P~PH P~~.u 

:;30 F'~nH .', PAO~, 
:;41) POINT PRINT 11, 
1&-5" i:'~PH: ~INT ;~1 



:.60 
1;71) 

~ ~;31) 

: ~ '~r) 

! 701) 
~7i(l 

';G~IJB 2(rz~ : ~E)I 

P~I~T pOI~T !I, 
PO!~T POLIT I!, 
~~PH 

00 PH 
PO PH 

'~I~T ~!I 

'OI~T 11, 
'ol~~5~ ~~it ..... 

~7~(1 ~'(UlT 11, 'P!!;5e 'Hit .",,' 
: 731) BOSLlB 3.£81) : :-£~ PE?Hi~~ 5UB:·~IJIJTI~E 1.1 
P-') pOI~T: POI~T 11, ' , 
! ;5(1 P~HH: 'P1IIT.I,·· 
!'~c) ?~J~r 'T~e Htril j'jst enterl!ld is stvred in a fi12 nued 'ill'S 
:770 ?O!~T .1, 'Th~ latri1 ju~t ~~ter!d is st~red in ~ file '3~ed ~;L!;' 
17:3() P9r~H iiOI'4T .1, • 
1130 PPINT: 'R!NT!I,' 
1800 INPUT '?r?ss the RETIJ~N rey to continue' ,emu 
~~!0 P?I'lT *1, IOres5 the ~ET!J~~ re~ t.., (onti~ue' 
;-)2') ;-PINT PPI~T 11, 
:33(1 PRINT PPPH~I, 

;'340 fPINT POI~T 11, 
1350 PRINT ?KIN! 11, 
!SOil POINT ~INT 11, 
1(71) 

'?:~r) ~Jtn r: 
; 3'?') ;.~~ 

:900 PQ!NT 'Y~u h~~! ~!'e~dy !nt!~ed ;11 the ne(es~a'y data~ 
;"?!(I ~~PH 11, ~V-:-Il "'iVI? alt!!dy !!'Itered ill th~ n~~es:ar~ .jata" 
:~?0 P~INT P~!NT III 

!930 POINT POINT 11, 
1 9-0 P~INT PRINT 11, ' , 
1950 P~INT PRINT 11, 
;~50 RETUPN 
; PO '~M 
1 ?BO ~f~ 

l'~O ~E" t'I"""""""'ffflf"'f't"""'lt'tt"."'.'II'I'tlfflftf'II'"" 
~OM RElI 
~,)!O RE~ 

2')10 f_E~ 

;>030 RElI 
?040 RE~ 

INPIJT om fGR DECISION VAR!ABLE ~ATm 

~·1)51) iN~'~IT "Do YOIJ _::'It t., 'JJE~ ,~a~~ fr0. ;." ~'i3tiflg !j!::!: i.:., 'J : "IETJn:, 
2Q6(1 P~!NT ftl"D" :~'I! lIant tt) 'J:~ ~;t: fro_ :n ~'istjfl9 fil~? Y or I.J ') ";~r.:: ... .::' 
"'1'I7n IF ELF!lE' = 'V' !~P~ Z14~ 

:080 IF ~1,FILEI : 'v' THEN 2140 
:,)~O IF ~U!LE! : '~' T"~~ :7;0 
:1·}1) rr DJ!LE' = "";" :11E~ nSI) 
:: 11 (I 6010 20~1) 

2120 RE" 
:130 RE~ 
:1-0 RE~ 
2150 P9I 
:;60 P.E~ 
~! 70 PR!~T : P~INT 1\ , • 1 

?180 PRINT: PRINT 11, ' , 
2!'10 INPUT 'Nale 'lr th! !listing file is ? " NAXI 
':21)1) PR~~JT ~1, 'N:3e ,)f ~hl? ~.'{i;tiilg file is ? '; NArI. 



:?!!l :'~?I 

::20 ~E~ 
::30 ~E'" ;:C?E THE f!LE ~Aa !:,l :. iE"!PQ~A~Y ril£ ;'JAMEO 'r~";~HA' 
:240 RE~ 
2250 RE~ 
:~6(1 OF'E~ 't', 11, N"'~i 
:270 QP~N '0', ~3, "TEMPD:'T!' 
:2~1~ ~ij~: I : 1 TQ ~l 

: 2~" FOP J = 1 TO ~ 
Z30~ INPUT 12, W,Jl 
2310 PRINT 13, AII,J); 
:310 'IEl1 J 
:'330 FRI~lT :!3, I I 

2340 NEll I 
2350 CLOSE 12 
2360 CLOSE 13 
~- 37(1 RE~ 

:330 RE~ 
: 3)0 .EM 
240\1 RE~ 

:410 REM 
=~2~ D~~~7 : c~r~T !l, 
:J30 ':'0PiT : ;:"11.J':' ~!i • , 

:!:.!(1 ~;:PH "T;,~ ~~d:i.:·n "'!"!~~!~ .:I~trit :.:: 
:'::'1) P~UJT il, "T~~ ';~·:jsi,)!' v~ri~b!~ ':~r!'( !::: 
:'!61) PPPH : P9INT 11, I • 

:.00 OPEN Ir', '2, 'TE!1pry.H~' 

2480 FOR ! = 1 TO N 
2490 rGP J = 1 TO N 

:5"0 INPUT '2, OECIVAP."4TIl,Jl 
:~!O PRINT I.ISI~S • •• ~I. 'j DE!'JI.P,!'tATf!,Jlj 
:52') PRINT '1, USING '1.1t! 'j OEC!'i'R.MA11l,Jl; 
1530 ~~nT J 
2540 PRINT: PRINT 11, ' , 
2550 Mm I 
2560 CLOSE 12 
2570 PRUT : PRL'H 11, ' , 
:-580 cppn : P~INT 11, •• 
:'5~O nLL UQS 
:;(11) n~PIJT '00 y')U vant t,:. .:i1;l'!ge nah in the ;bQve utrb? v .,r .. ? ";":'.I,[:!-!I 

~S!:~ P9:!NT ~l"OQ you 1f'!!'!t t., ":~~!1glJ ·jat; ir. t,~!~ ab"YIJ ~~tri.~-~ y .:., 11 ? 'j(loI.:..:~.u 
::520 If CH, DATAl = 'V' T::£"~ 2nl) 
::·30 !F C~,OATa = I~' THEN "2760 
::.!(l IF C~"DAill = "N' THpJ 2590 
:;~Q I~ (~.DATAI = "~" T~E~ 2S?O 
::;0 <lOTD E(:(I 

:-SiO ~EM 
:;ao RE~ 
:::Q REM 
:7')0 ~E" 
:'10 PE~ 
:72Q ~~A!'!~ 'TE~PDAT'!" AS UQS 
: ;10 :30TO 1J~O 
:740 ~EM 
::~50 ~E~ 
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:~S(I .;_E~ 
•. ;:,) ~C'" 

:781) pp 

.·':':lIJAl OAU INPUT 

n~~ ,PP!-,H : ;)PI~T ~t, • , 
~~()O P9!~T ~ POI_~T U, 1 1 

~glO P~I~T 'You ·,,,ly h~lI~ to ~.,t~r t~! 'JPi~' tri~"gl.!l;r el~~~llts' 
:e29 P~INT .1, "(~o 1nly h~1I1J t., ~nter the UPP!' tri3ngulH ~l!~e!'t:' 
:830 POHH : POINT tl, ' 
:34~ PRINT : p~VH.I, •• 
:950 FOR I = I TO N 
236') FO? J = I 10 ~ 

287" ;~WT 1A('ilj"~il') : ' : :~PIJT ~(:,J) 

:880 P~PH ~1, 'A(';Ij','j.]') : I i AI:!,]) 
?B~O .il,!) = !lVI,]) 
~,?I)O ~ltli 1 
~910 ~4fn I 
c'~?'l ~E~ 

~·??0 ~E~ 

::·?JO RE~ srO~E T~E OAT~ JIJST ErHERED !~ A DATA rILE ~~,t~ED 'T~-"!~~!Tl' 

c'lSQ m 
~',(I 'E~ 
~'?:r) ;J,::'~l 'Q', ~~; ·r:~.~~.H~· 

:~9~ fO? ~ : ! rQ ~ 

:~~0 fOP J ; 1 TO ~ 

3:)1)0 F'~_nJT ~2, Ad,]:'j 
:O!O HEll 1 
~Q2(l P~HH '2, •• 
:030 HEll I 
3040 CLOSE 12 
3(150 l:!E" 
3')60 PE~ 
3070 RE" 
31180 ~E~ 
3090 m 

LIST OUT THE DECISION V~PIA9LE ~mll (FRO! ~A~lIAL INPUT) 

3100 PRINT : POINT 11, ' , 
~!lQ PRINT : P~!~T .1, I. 
3::0 p~:!Nr 11"h'l ·~ed~i,)(l lIari;::'\:! HtTi.~ is:' 
?13(I P.~PJT ~!, ·T~e ~1J(i~i(\~ '13ri301e .atrit is:' 
31'0 PRINI : fPI~T 11, ' , 
3150 OPEN 'I', 11, 'TEMPDATA' 
31;0 FOR I = I TO ~ 
:: ~ ?~I rQ~ _! = ! TO ~ 

31811 !~PIJT '2, ~ECII.J.1~ •. ~Vq,!, 
21'?0 PJPH USING 't.;U ' j r.E'~!,Jl".:'!~r';,;li 
::2(10 ?~p-:r ~I, I}SIN6 'I.I~. '; ~EI'/.A~ .. '.ArrI,.J); 
:~10 'lEIT J 
?Z2~ P9INT ! P~tNT "i I 1 

::130 'IEn ! 
3211) CLOSE 12 
::?:o ;'~PJT : ?Q!!iT 41, • , 
;·~6,) PRiNT : F'~!'H 11, I , 

;270 !NPljT 'DIJ you ~a!1t to (h:!~9! 1a:a i" HIJ 3~(\"! 1!~tri~? 'I ·)r -. ? 1,(}i.DA7~' 
??81) PP!~T tl/'D/) Y012 '~ai!t t·) ·:hang~ 1:!: !!1 tr.'l :b.,v:! ~~tr!"!;?'f"r ~? 'jl:l-l.:-!7"!S 



-" 0" 

W3~ OEE 
WIBd OlBS 
I H3r; (JiB~ 

I mu O"Si 
(['J)J'~'~'t,jj!·:. ::I'~iIS'~O~ = (f)wns-no'. (,~!.:: 

08LS . ~ 01 I = r dOJ 
o = (l)wns '"D·, (tLLl 

N OJ I = I ~DJ oSL, 
;i3e (I~~':: 

j(3;! (I;::'~ 

iid~~ jO MO;~ r.~l-r; t~l ~ii,;;i~13 j:} ~n~ jtii Ori!j w3e OU: 
w3<! +jZi..~ 

ido ;}i.~ 
.-tttt •• f.ttttt •• t'fttftffffttttttttttttt ••• ttttttttttItllfttttlft.t •• w3a Ovl£ 

dDD3Mi?S: 3 G3 ~; i'~::O~i 3Hl j:~DlS \.:3~ 

AJN3JSISNCj ~OJ 1531 W3~ 
dOlj3hN3913 mm~~ilI; 3kJ 3mnjl~J m 

dOIl3~NjSI3 3Hl 3mnJ1VJ W3d : 
SNOI1V~3Jr 3KJ WdOj~3d ~3d : 

.ij1l3,1 lvillrH Nv 3l1nss~ N3~ : 
SNilS-ftO~ Jij W1WIh'II 3HJ ONIJ ~3d : 

~i~HjIj JC Mu~ HJv3 rE SHij~j"1j JU wH5 3Hl 6NU ida 

31i1ijO~ lij·llNOj i' i 3hiiilOHIlS 

w3d (t&9S 
iGd 089: 

NdnB~ OiS: 
l)e(J~ ailSD~ (IS3~ 

OlL. anS09 (0,9£ 
06St anS09 0.9E 
oos, allS09 OE9£ 
OLOt anS09 OeS( 
0%£ anS09 019[ 
0,8£ anso[. OOSS 
CI£LE aIiSOE: o~~s 

w3d OBS£ 
m Oi~£ 
w;~ (I%~ 

w3~ (I~~;;: 

W3·~ (IT;~ 
tttttftftftttt.tfftft •• ffffff.fffftff •• "t.ttff •• ttf •• f •• ttffttft ••• f, ~3~ 0[;£ 

~31 ':I:~~ 

\ :;:!': jet i,l-!l';jo. ~,;-CI5S r ~LI 'UL'.::. , . .:.IGLlj1:i ~1t(ia:~jd5j~~w:: 

:.: ~:.:' jr;:r,',t,~~IIj ~m'i~,;,~ 9NluNiJ ;'G~ 3r;iiiiJ1-tilS ~ SI SitU 

1\3.: 0i~~ 
IG~ ll(':;E 
~3(1 (:otf 

m OB" 
IU! 0LtS 

'l'l 3NlIIlDHilS 

~3-:! 1.1"1. ~ 
ttttttif •• f •• tttttf.ftttttttttttfftttttttttt.t.ttttttffttftt.ftfttit •• w3~ O~t[ 

W3d O,t[ 
1(30 (I[f£ 

i+i3i ')Zt~ 

~3" (Jiti: 

NdlH3d 00" 
lGl1 S9 .'J'Odii3J, 3w~l; v<H 

~3~ li€~S 

~3d (I~t[ 

.'lfOdw31. M~jo iJ3e (t9~~ 

KjG (':;f~ 

w30 litE 

om r.;3Hl 

090[ ~3Ml 

usa k3HJ 
(i~LZ ~jMJ 

oat UlU~1 ~l.:.~ 

~Lr : lfl'C'HJ jj ~Z~ 
I~' : nH0 "t:~, J! (lIE 
,A, = $~l'G'ti:1 jl (I(;~~ 
,A. : l~1,0'~~ jj 0~Z~ 



: 3)') ~E""! 

;~bl) iiE~-

;.;7,) ~:c~ 

;9~r) "At , 'OW, ,eMI!) : 'D~ , 
?:3'jQ rop i : ~ T:J ,'J ',TE? 1 
3'?I)O :' ~lt ) PO:.!, '3U~H!) TH£': 3nO 
)'ll') ,1A( , RO~ .. 3IJXrt \ : ~OW' I 
3'320 NEtT I 
mo PfTlJ~~ 

33(1) PE~ 
3'~5Ij ~E~ 

?'~61) P.E~ 

mo PEII 
mo PE~ 
3~~O rOR J " I 10 N 
~f)OO !r J : ~Ol.l rl-lE~ ~020 

.11)111 ';€I~TO~( Ji : 1) : 130TO .£(r~,) 

.£(120 'JETOPf,1\ : 1 
4030 NETT J 
404(1 RET'!R~ 

~r)61) PE~ 

~1)70 ;~~ 

.£1);3(1 R£;-I 
:I)~(J CtEM 

~ 1 1)\) P~E.,'tIi! : I) 

'110 'OR I ' I TO M 
.!~~t) r:'p : 0 
,~ 10 rOP J ' ! TO ,~ 

4160 NW I 
'170 ~Al = cm : ROW = I 
41S0 rop I = 2 TO ~ )lE? I 
'!~O ,r '41 ) CIP THEN 42J0 
4200 ~Al ,cm : ROW' I 
4210 ~JEYT I 
.!~20 ;:~~ 

:130 PE~ 
JiJO PE~ 
.1250 ~~ 
!1~O ~t~ 

.l.27O !< ~ = 1 '!'~£~ D!Fr , 
I I)~l? 

':-2:3~ If ~ , • T,EN Dlff , , ( 1). 

':2'30 If ~~ , 5 I~EN J!f'!' , ,0,)5 
'301) !F ~ , ~ T~E~ DiFr , • ()()6 

:310 IF N , 7 TliEN otrf = ,')(17 

·320 If ~ , 8 Tm DIrf , 8,t)I)·)(QIE-t)'} 

'330 If .l! , ., 
T"E~ DW , ~ ,1)1)11I)(I! E -I)'] 

! '3..11) If ~ , ! ,) T:1E~J ~ifr , ,')\ 

;?~!) rr N , " T~E,'J w· , ,"! ! ., 
.1?61) Ir N , !1 T~EII mr , ,011 
.:. 37() If N , , , 

T:':~~ mr , ,013 ; ~ 

43~1) If :J , 14 THEN mf , ,Ol! 

230 



:.3·~() If ~ = 15 TWt1l Dirt = .015 
"00 1< N'\ 1& T~E~ DIFF' .02 
';:';fj if A8'31~_~{. ~~~ • ."!.a(, :: J~~r r~E~ :~71' EL;E u~1) 

:~10 rGQ J : 1 TO ~ 

'"30 vECTQ~(Jl • ':' J)!~AI 
.HI, _ElT J 
.450 P~E.~Al • ~'l 
.;..!S(J :~OTO 4110 
.!4il) ~nlJ~N 

.u80 PE~ 

.u~f) ~e:)I 

: ::~II) PE~ 

as!O RE>! 
.:::Q P.E~ 

~530 FO' ! • I ID N 
':'0 EIW/(J) • Grn/~Al 

:.:60 RETURN 

'590 RE~ 
.:~90 ?E~ mCUlATE THE NOP~ALl;ED EI&E~JVECTDP 

:620 Er~E~.SIJ~ : ~ 
';'30 FOP I • I TO ~ 
':~JO E:II:EN.SU:-I : E!I:E~l.SiJ~ .. tll:EN~P 
':;:(1 ~EXT ! 
J66\) rlJ~ ! = 1 TO IJ 

~S70 NDR.EImm • EIGEN(l)fEI6:'J.SU~ 
a681) ~EH ! 
~S30 RETURN 
.:. 7.)1) ~:E~ 

HID ~E" 
'720 RE" 
4731) ~P! 

'740 REM 

TEST FOR CONSISTENCY 

"SO (ONSIS.IDI • (Ml - ~)/(N - II 
:.760 IF N • 3 THEN MIXI • 3. ,j9 
!770 !~ .. • 4 THEN Mm • 4.24 " 
.780 If N • 5 THEN ~m • 5.41 
'730 IF ~ • & ,YEN ~All • 6.5~ 
l!3(i1) IF N • 7 THEN ~AU • 7.75 
'8!0 IF N • 9 THEN MAlI • 3.~5 
:~2(' It' ~ • .~ ;"EN ml • 1 I). ! ~ 
! ~3f) Ir ~J • 10 iHtN .~~(I • 11.3 
,q.t(J IF N • ! I T~EN ~m • 11.5 
~B50 IF N • 11 TNEN ~AII • 13.7 
!B&O If N • p 

" , T:~EN ~Al! • 14. '~ 
:.370 IF N • 14 THEN ~.t! • !~.2 
:ggO Ir ~ • 15 THE~ ~'II • 17.5 
:g30 IF ~ .) 1& iHEN ~m • !001) 
'"lOO If ~Al ) ~AII TME~ :'~IQ EL~E 
'~Ii) P~!~T P~I~T I' • . 

""' 1':21) ·~m : pmT I! , • • 
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J~30 ~9[~T '!~~ ~~(l~i~~ ~!ri~jl~ ,at,it is ~ot I~!: C0nSl;t~nt' 

.?.!t) ~'P:NT ~!, 4:h: ·je(lsi.)n 1/3.'!;~le l~t'!1 i;: nt:,~ 'If:~'Y o:on~l~tl?n~' 

:'?:O P~I~JT 'Tile O:')(1!;isten(y in·jet ::: 'j (ONSIS. IDI 
J~SO P~I~T '1, '!~~ ~0nsi~~~~o:y jn~!1 is I; ~8~~:~, ID( 
t'F~ P~INT : P~I~T 11, ' , 
.1'?3f) HIPIJT 'D,) 'jr:..1J ..,~~t ~(I '~vi S~ th~ ~~~ ~ :~ tr,! s ~:!t'i t" V ':" ~ ~ " =:'H 
.!'~'?f) P9!~T 11, 'p.) yl)IJ \'/~nt to) r~vis~ th! .j3.t3. j,' :hi:: .3.tri~?"{ ':.1' __ . 'j;:-" 

::\o~(I!P ~EV': 'Y' THEN r:!LL LJQ~ 80:Q 17;') 
5010!r REVS' 'y' TWEN XILL I.lQS GO TO m,) 
~O~Q IF PE~' = 'N' T~P~ 5('150 
51)3I)!r ~EvS = 'il' 'T~EN 5('150 
:')40 'lorD 4~80 

:(151) ~€TIJP.N 

:·,~o ~E~ 

5(171) PE~ 

::)80 ~El'I 

:~(IO 0E~ 

:;!I) g = 'r' 
5120 'OR ! ' 1 TO N 
5!31) r'~!IIOO,~AT(I,q} = ,~JO~,~rHN~p 
:1 t O ,jEll I 
: 15(1 ~'FiJPI 

:::.r) ~:E~ 

:~71) ;:E~ 

: :?O ;:~~ 

:·!'?O ::'€~ 

5100 ~E~ """"""""""""""""""1'."."1""1"1 •• '1'1" ••• '., ••• 
:~10 ;'E~ 

~220 PE~ 

:: 13(1 ~:E;-! 

:1:1) ~:E~ 

~2S0 QE~ 

:'250 ~EM 

5J.1HOUmE 2: 

:270 RE~ 

7,~!S IS J, SUP·~D!JrI'JE FOR CC~:7~r.lCTPJ; THE 
COMPOSITE ltI~T~IJ 'C~~ftJ~t~T.L!Q" 

~:30 REM tftf"t.""I""lff'lf'I'lf'I""fff"""ltfff"""."",.'t.tt'~ 
52S0 PElI 
5300 PEM 
::10 QPE~ "D', f2, ·CO~pI)MAr.t!g· 

5320 'OR I ' ! TO N 

~3lO 'ORJ'ITOQ 
S3~Q P~INT .2, (OMPO,~~T(!,J)i 
:35') 'jE~T J 
::',:_,~ ·j':'!~l: ~~, 

:;-7(1 ~!EP 
53;30 (LOSE '1 
::?~I) ~ET!J~~ 

54<)1) ~EM 
:JP) 9P! 
-:! :1) ~:~;, 

::30 ;:E~ 

:':'':'0 ~'E~ If tt, If tft I If u ....... t t. t H' f .. " t f" If' H' If' H .. '" ft, H""" 4 HU 
-: 450 RElt 
S"SO ?EH 



'~l: IS • SIJB-<C:JT!:'E FD~ CAL(UL,TI'j~ ':O~")SIT, 
~'~!G~ITY lJE':TG9 

:::).) ;£.~ 

::» vE;tI 
:S2~ ~E~ , ••• ~ •• ,.t"'."ft"."'+"""'f"".ftff"f""f"" ••••• f •••••••••• 
:: ~!) "EM 
:: J(I ~E~ 

:'SSO ~E~ 

:;560 PE~ 
557(1 !;lE" 
5520 PRINT IP!~~~~ wait. C3Ic~1;tion 01 ran~ing of t~e 31tern~ti~~5' 
5590 PRINT 'i = 1;\ )r.:.(!?==. I 

~600 P~INT ~1, apl~a5~ ~ait. Calculation of ,anki~9 Of the alternati~esJ 
:~.!~) p~rNT 41, 'i; i~ prO(~s5.· 
:521) OPE~J 'P, ~2, 'PARA~~P 
%2(; r=..:O 
:~~l) ::::OSL!B 5'3}) 
:~:l) (to'3£ ~1 

: 5co 80SUB 5041) ~,~ CAWJlATE THE ElmmTQP DF 'PA'AMAT' 

:·S-:0 (LOSE n 
5 '7 '} () ·~C:~:_lB :'>')0 
:'710 GDSIJB ;!'?'~ 

5710 BOSUS 72&0 
5731) CL OSE 11 
:;,il) P~!NT 

~150 PRINT 

PE~ ?£~r~:~ TU~ ~ULT~oL:(~7iO~ 

~E~ EYP~E~S CG~PC.~~C(I) IN 7~~~S ]f 

RE~ P~INT THE ~E5UU or ?A~~~"~% 

57;0 INPUT ·PRESS the RETIJP.N r.ey t(l (~~ti~'!!I' J CD~a 
:'171) ~P!~T 

5731) ~~WT 
57~~ PQJNT 'VI)IJ ~~V! finish!d r="¥in~ the liquid trl?!tl!ent ~!t~'F1Hiues.' 
5800 P~INT 'Do yOIJ .,i:h t.) 'l!-r'JI1 the pr.,gru tl) q~~. liq'Jid tr~:r.l?~p· 
5810 PRINT 
::B2" !~PlIT '1"~lJt V .:or ~J ? " ~FUlit 

5930 f'RINT 
:,':) ?PINT 
:8·:0!f ~FIJN1: 'V' T~E1~ '~~O 

~8f{)!t' ~'£?IJ~l: "'1" !~E~ ·~~O 

~971) ~E"'IJ~;I 

S3Bt) "E., 
:8'?O :E:'II 

~~00 OEM """"'fff""""""""'t"""""""'.""""",."""",,., 
:'~!(: .~E~ 

:~~!) ;:PI 
:.?::.) ~~~ 
5'140 m 
~,?~t) ~E~ 

:>?5 1) FO~ i : ; !:J ~ 

o~10 FOP J = I TD , 

:-??,) ~!EJ.T 

:.I)!).) ~E~T ! 
:,(q I) t::T!P~~ 
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.;,):,' :.€~ 

~t)6') :'EI1 

:1)7!f CE)\ 

~ ,)81) .~~" 
:(t'?I) ~E~ 

~ ! ,)1) ~:E?4 

;110 0E~ 
511') ):":~~. I = 1 TQ r 
5!?(1 ~C:l.I.SU~(n : I) 

~ ! !;:~ ;0~ J = 1 Tt) r 
5150 ~O~.SU~(l) "'·)~.Sl'~rn • ?'RA.M~TI!,J) 
E·1&O ~~En J 
SF:) ~lEn 
:: 1 ;?~) ="E;" 
:~.~:~ ?EM 
520 r) .~E~ 

~210 Hi'! 
; 2Zt) REI'! 
:1?·) ~A:.;: .~·Q'~.;tI,'1(~:1 : :.:~ _. 

;:3:) ;.~;o! 

~Z'?I) ~~.II! 

5300 ?E~ 

6310 ~E~ 
,320 ~E~ 
6330 rOR J ' ! TO < 
6340 IF J 'ROW THEN 6360 
6,:',) VECTORf)) , t) 

;360 VECTGP (J) : I 
6370 HElT J 
;38(1 xEPI 
~3'~O ;E~ 

;'400 PE~ 
5410 RE~ 
64Zry RE~ 
:'.i31) P~E.I'!Al : 1) 

: . .!.!~ ;:J~ I : ! TO i: 
54~O CrI) : 0 
: . .i~I) rr~ .r : 1 iD "( 

GOTO &l?0 

:.471) un : ((J:: + ?A~.~,,1.A!(I,j) t '.JECTOR(n 
:;2·) ~~EXT j 

;4')0 NE1T I 
';501) :!~1 : f(1) : ;'Dl: t 
~SFI r!J~ I : Z TO 1::" ST~? i 
:·5?~1 iF ~.q > rn) 7HE~~ E·5.1i) 
~·S3!) ~A.( = ((I) : ?!]~ = 
:·5 J O NEYT 
;~51) ?E~ 

35~(' R£~ 
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---------------------------------------------------------- ----

:.~;J) ~£M 

:·:30 =E:: 
: 5":1) ;l~;~ 

:~r)1) I~ ~8:·'''~.t - :OL~Aj) <: .02 T~EN SGSQ ELSE ;510 
;6:0 rOR J = ! TO Y 

:,=:'1'1 V~(TOP!]": = C(J)/~AX 

56~Q 'OE.~A~ : MA1 
;651) GOTQ 6~41) 

6660 R[~ 
S;1Q ~E:ot 

56aO ;'E;"\ 
;~'31) RE~ 

5700 RE~ 
5710 FU~ J • I TO r 
;no E!mm • CI!)I~A1 
:'!;r) ~IEH I 
:,7Jr~ :'E~ 

~ 7511 wE~ 

S 7S0 P~M 
>770 ,,~ 
~ ;80 ,EM 

:~00 ;QP I = ! TO ~: 

;1!(; E!i:E~, 3U~ = ~!'~E\J, ":!J;'l l' :IGE:Jr p 
:. ~ 21) ·~En r 
se30 r::.~· ! = 1 :0 i: 
;840 ~OR.PA~AVEC(!) = EI8EN(!)!E!G~~.SU~ 
~8St) ~EH r 
5850 ~ETl.I~'l 

:·B70 RE~ 
~~~0 ~E~ 

:~'!r) ~E~ 

;'3(1) ~~ 

53!0 RE~ 

I~PIJT DATA F~O~ THE ro~posm ~npl1 

;.?-:!) fOR I : ! TO ~ 
,)30 FOr: J • 1 TO K 
5'l10 J~PIJT !3, MA'(J,Jl 
;951) ~JErr J 
:'":6(1 ~;E~T r 
~"~7(J ;'E~tlp~J 

~.'381) ;E~ 

:. '3?O ;'E·~ 

~')(ll) "E-~ 

7:)2r) RE~ 

;1)30 FQ~ ! = i TO 'J 

'7040 (O~~Q.':E~ q) = (I 
:(,50 tO~: J : ~ il) ~ 

-,),.) 

-::1)71) NEH J 
- ;}81) ·~EJ! I 

il)'?O ~t;I]~tJ 

:!Ol) ~'~!'I 

:~lO ~!.~ 
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';'! j,) ;: of 

~:~0 ~D~PQ,~4t ; ~~~P~.~E(~~) 

71&0 fG~ I ; ~ TO ~ ~TE? ; 
~:7(l r~ ::O~PO.MAl :: C8.~PQ,'JE((n THEN ;t~f) 
~ ~ ':(: CD~PO. ,~,l.( ; (e~P!J. 'JEe tI) 
71'?(1 ~JHT 

7200 rGR I ' ; TQ ~l 

7210 PE.cmm ' ~CO~PO.VECij\:(8~PO.~Al) t 1')0 
711Q NElT J 
! 110 ~ETUP.N 
-1~(1 ;·E;1 

~25(1 ~::l'! 

7260 RE~ 

7270 RE~ 

p~'I'{r ~~. . - -. 
P~PJT 11; 

~310 ?~!~! '7h~ r;~~ing i~: • 
732:) PO!~! I!, ·T~= ~~~ti~g is: 
~?)) ~~PH pppn Ill' • 
-~.!::l :.;"!~Ji : ?~U:r ~!, ~ I 

-?5') P~TH •• i 'PA~WInJ3 IN ~. 

-3:·') ?R!~H ~!, J ., ·~ANn~J6 !~~:' 
71't') P?J~T • I I i -. - .. I.. I ___________ _ 

"'?3') p~!Nr 'I, .. , . _____ ..... ____ _ 
7330 PR1NT : PR1NT 11, ' , 
- .!')(l ro~' [ ; ! H] ~ 

;410 p~lNT 'Alternative 'j 1, PERCENH[) 
:420 :·~PlT ;1, 'Alternative '; I,PERCENT(I) 
"430 ~jEX~ : 
~4'O RETURN 
7J5Q ~E" 
':' ~6(1 RE'" 
... J7~) ~El'! 

- "'?O ::EM 
-J~O ~E~ f"llff •• I.lffllffl.ffl'lflf".'.fl,I"""""t.',.t'"'ff.f'llf' •• 't 

"51)1) '-E)iII 
-:-5~ f) ;>::o! 

~:20 ~E~ 

:53(1 ~E!'1 

7~40 ':EM 
-550 0E~ ••••• ' •• "I"14'4It •••• ' •• ,", •• ".,', •• " •••• "., •••• """"'fff.U, 
-::~.(I ·;·E~ 

-S-O ;'E~ 

-:-30 DATA IIPAr:.~~E!E~ 1 q,," 1 

-:"30 3AT4 ·PA~A! .l!QI 

-:-;00 DATA ·p.!~~-~ETE~ 2 Lr!fll.!erH i Eff1lJ~nt' 
-511) }!q '?lP.A2.UQ' 
-;~O D!!~ 'p~PA~ErE~ 3 Si!e of sit~· 
-;31) !).~r~ 'PAP~3.Uq' 

-;!Q DATA 'PA~AHETE~ J ~,t!)r~ -:of site· 
-SSQ 0111 'P!~A4.l!~· 



~~.! J1!'l ·'.1v!,.",~-:Q 5 '_=:'''' ·:.:,st' 
-~70 ~~TA ·PA~~~.L!9" 

-::,'! ~~;! ·"..1;'~:-~TE" ~ :.':":;; :.,:,(1::; ior ~,)(I:~rrJdi(.n· 

-;?0 DATl lPA~A6.LrQ" 

--(~j) ~AP. ~Pl;'l'lnE" 7 :',:,'~!;n .''.,M~y f.:.r ,:.)fI!;r'J.:ti.:.:";· 
-7~~ ~ArA "PA~A7.l!g" 

--2'~ }AT~ 4Co~~l~ErE~ ~ ~·:,,:;l S~!l1 for .:"=,nl!~·'!'.:'i')I1~ 

~-30 O~TA '?AP~g,L!g" 

-':'~r} D~rA °P!,?t.~ETER ~ ::':~.lJrdty support" 
'7~1) DATA 'P~~A9,LlQ' 

':'7€,'~ D.H~ ·p.~P.A~£TE~ !') o.:.I,I~!, sour'.:!" 

~77~ DATA "PA?~!O,l~1" 

-':'30 D~TA 'P~F:~~ETER;l ~ ... ai!~bilitJ' ·)f 10<:;1 !at?!'ia!' 
--~O DATA "PA~~!l.~Ig' 

731)1) D~q '?!~~!'IETE~ 11 ·:·:·:t ·)f ':'~I?!'~ti·:,~ ~ !:i~~·?~=!'!r.?" 
~?!O D~TA 'P~9A12.lIQ" 

-3~0 ~Ar~ ~c!';!~~rER 13 ?rof?l!siQpal I!~ill 101" op~r;ti0n ~ ~:!~t;~;:";(?" 

-330 DATA ·PAR~13.lI~' 

-:41) DATA "Plv!!'!E"E':: L,: .. ::l t~r.h!\io:al ;t'ill f .. :or ')p!rati.)n ~ .\ai(lt'?"'~n(e" 

- ~5') D.\TA ·P~~,.1;.t.UQ· 

~~SO ~ATA ·PAP:.,ro:~iE~ 15 
-,11) DU~ 'PAPl I5.UQ' 

: :,I} D:'TA ·PA~:'~ETE? ., 
-; '~\': :;! T .1. "':'!~'!!-:.I.!Q1 

- ~(II) D~;A q~!;:.~:7:;' 17 
- ~ ~ ,1 0AT.· 'P'IAI7,lIQ' 
-::,) ~ATl "~A~-\~ETER !8 
-Q~~ DATA ·PAP~t9.LIQ· 

':'?.!(J D~TA "PA~~I'!ETE?!~ L·)ol ~5t~!'-t'·:·r~e ~i:=:!:!S" 

7951) om 'PAm'~,U'j' 
7~;O DATA 'PARAI1ETER 1(J E~de!!j~ vHtor-oorne \\later related) di ::!::?s' 
-'370 DAT4 '?~~.A21).l!Q· 

~Jei) ?EM 
;';90 RE" 
;DOQ ~E" fllll'lff'fttllf.".'.'."""'t •• "tttl""tt,.,t""'tJI"'II.IJ" •• 



APPENDIX B.2.1. --- USER'S MANUAL (SENSIANA) 

Type "SENSIANA" against the "A>" prompt (or ne>" 

prompt if a hard-disc of XT or AT i~ used) and then press 

<ENTER> . The following will be shown on the screen: 

• _*t********.***.***_*********************************t***. 

* * * Order of decision variable matrix is n x n where n ~ * 
* * 
********************************************************tt* 

Then, type the number of decision variables to be ranked 

and press <ENTER>. The computer will respond as follows: 

*****.**t********************************.****************t** 

* * * Enter the parameter number whose matrix is to be reviewed.* 

* * The number (ie. the kth parameter, k = 1 to 20) is? 

* 

* 
* 
* 

*ttt*ttt**tt*****************************.************tt***** 

So, type the number next to the "7ft prompt and press 

<ENTER>. The computer will show the original matrix on the 

screen and ask if the matrix should be revised as follows: 

*********************************************************tt 

* * 
* The decision variable matrix is: * 
* 

[ 1 
* 

* (the elements shown are those of * 
* the original matrix) * 
* * 
* * 
* * 
* Do you want to change data in the above matrix? Y or Nt * 
* * 
*ttt**t**tt********************************.**********t***. 
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usually the answer should be Yes because this is a 

sensitivity analysis program. (The answer would be No only 

if the user has entered a wrong parameter number and in 

such a case the computer will ask him to re-enter the 

parameter number.) So type "Y" and then press <ENTER>. 

The computer viII respond as follows: 

t*t*t**tt********* •••• * ••• **.**.*.**.*.*** •••• ****** __ t*ttt 

* * * You only have to ~nter the upper triangular elements * 
* * * A(l,l) = * 
* * 
* ? * 
* * 
**.tttt*ttt*t.** •• *._**** •• *.*************t.**********t**** 

So, input all (up to six decimal places) against the "?" 

prompt and press <ENTER>. The computer will then continue 

to ask the user to enter a12, a13 and so on until all the 

upper tr iangular elements (le. a i j for I ~ i < j ~ n) are 

entered. After the last element, ann' bas been entered, 

the following viII appear on the screen: 

tt.***t**t**** •• *.*****.* ••• **.*.******** •• ******.*.***tttt 

* * * The decision variable matrix is: 

* • 
* 
* 
* 
* 

r 
t.... 

(the elements shown are those 
newly entered) 

* 
* 
* 
* 
* • 
* * Do you want to change data in the above matrix? Y or N7 * 

• * *****_*ttt ____ ••• _ •••••••• __ .*.* .. * __ ••••• _ •••• __ * •••• ttat. 

If the user has entered wrong data, then answer "Y" and the 

computer vill allow him to input the data once again. If 

239 



the answer is "N", the computer will ask you another 

question: 

*.******************************~********tt.********** ***** 

* * * Do you want to change another decision variable matrix? * 
* * ******************************************.**************** 

If the user has decision variable matrices of other 

parameters needed to be revised, then t::r,le "Y" and press 

<ENTER>. The computer will repeat to ask the whole set of 

questions as described in the previous paragraphs of this 

manual and the users will have to :~spond to them 

accordingly. If the user has finished revising the 

decision variable matrices, then type "N" and press 

<ENTER>. The computer wi 11 te 11 the user to wa it as the 

calculation of the ranking of the treatment alternatives is 

in progress. After a short while, the result of the final 

ranking will appear on the screen and the program will end. 
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APPENDIX B.2.2- - -FLOW CHART (SENSIANA) 

START 

OPEN OUTPUT 
DOCUM ENTATION 
FILE "SENSIRUN" 

INPUT ORDER 
OF DECISION 
VARIABLE MATRIX 

INPUT PARAMETER 
NUMBER WHOSE DECISION 
VARIABLE MATRIX IS TO 
BE REVISED 

REVISE DECISION 
VARIABLE MATRIX 
(SUB-ROUTINE 1) 

® 

MAIN CHART 

YES NO 

241 

© 
CALCULATE 
PRIORITY VECTOR 
(SUB-ROUTINE 2) 

@ 

YES 

O?~N FILE 
'COMPOMA T" 

STORE ALL 20 
PRIORITY VECTORS 
IN 'COMPOMA r 
(SUB-ROUTINE 3) 

CLOSE 
'COMPOMAT' 

® 
CALCULATE COMPOSITE 
PRIORITY VECTOR 
(SUB-ROU7INE 4) 

® 

CLOSE 
'SENSIRUN" 



SUB-90UTINE 1 

A 

OPEN INPUT 
DATA FILE 

OPEN OUTPUT 
DATA FILE 

"TEMPDATA" 

STORE INPUT DATA 
IN ''TEMPDATA" 

CLOSE INPUT 
DATA FILE 

LIST OUT ORIGINAL 
DATA ON SCREEN 

REVISE DATA IN 
"TEMPDATA" (INPUT 
UPPER TRIANGULAR 
ELEMENTS ONLY) 

CLOSE 
"TEMPDATA" 

NAME "TEMPDATA" 
AS "PARA •. LlQ" 

B 



p=p+1 

SUB-ROUTINE 2 

c 

ASSUME AN INITIAL VECTOR 
WITH ELEMENT CORRESPONDING 
TOTHE MAXIMUM ROW SUM 
OF MATRIX A=1 AND ALL 
OTHER ELEMENTS=O 

P =1 
k. =0 

CALCULATE kp 
(See References 3 and 6 of Chapter 5) 

NO 

YES 

COMPUTE NORMALIZED 
EIGENVECTOR FOR 
EIGENVALUE = kp 

o 
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SUB-ROUTINE 4 

E 

OPEN AN 
EXISTING FILE 

"PARAMAT" 

INPUT DATA 
FROM "PABAMAT" 

, 
OPEN 

"COMPOMAT" 

INPUT DATA 
FROM "COMPOMAT" 

CLOSE 
"PARAMAT" 

AND 
"COMPOMAT" 

CALCULATE 
PRIORITY VECTOR 
FOR "PABAMAT" 

PERFORM MATRIX 
MULTIPLICATION TO FIND 
FINAL PRIORITY VECTOR 

LIST OUT RESULT OF 
MULTIPLICATION -RANKING 
OF DECISION VARIABLES 

® 
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! M "€~ tt. ""''''''""",U,'''''Uflff •• tf ••• , ..... ,., ..... ' ..... "ff.' ... '" 
,'0 'E~ 
,:0 RE~ 
130 REM 
140 REM 
1 SO REM 
160 R~ 
! 10 RE~ 

P~06RA~ ~AME : SENSIANA 
AIJTHOR : S. L. TANS 

OATE ~RlTm : t 988 

j80 ~E" ffff"f,I'lff"'f"lf"""'fffff"f"llf"I'I"II"'1'tlfll'lt""++it 

!~O R~ 

200 ?EM 
210 REM 
111') ~E~ 
,30 RE" 
240 RE" 
250 REM 

PR06RA" DISCRIPTION: 
THIS 11 ! PPOGRAM FOP SENSITIV!TY ANII. YSIS Of OANYlN6 
mTEWATE.< m.mENT ALTERNAl IVES 

160 PE" t"fllll"'lflflf'f.tffttl'fff'f'ff'lffffflff •• tt"'fffflfff'IIIIIt+++I 

:70 RE" 
:90 PEM 
2~O ,EM 
:00 ~E~ 
310 RE~ 
320 REM 
330 m 
340 RE~ 
350 REM 
360 RE" 
370 REM 
380 RE" 
3~0 Q~ 

400 PE" 
'10 pE" 
'21) P~M 
430 PE" 
440 PE~ 
J~O PE" 
'00 PEM 
J10 PEM 
'80 R~ 
,~o m 
~I'\() ~E" 

~IO REM 
~20 m 
S30 ~E~ 
~'O RE" 
~51) P.€~ 

~,o PE" 
!7" ~E~ 
:ao pE~ 
530 PEM 

'·.'0 qE" 

INPUT VAR!ABLES: 

~ , ORDER Of OEC1SION VARIABLE MA1PIX 
A ' ARRAY fOR DATA INPUT INTO DECISION YARIABlE "A1RII 

CH.DATAS ' AHSVER FOR VHETHER 10 C~AN6E DATA IN A MATP!~ 
PARA. MAT ' ARRAY FOR PAPAMETER MA1RIX fILE NA~EO '.~RA"Al' 

MT ' APRAY >OR CO"POSITE MATm filE NA"ED 'COMPOMAT' 

INPUT/OUTPUT Y~R!~BLES: 

COKPO.RAT , ARQAY >O~ COMPOSITE ~jlPll 

OUTPUT V~RIABLES: 

OUTPUT fILE>: 



; 10 ,EM 
0:0 ~E~ 
;')1) ~E~ 

: JI) ~EM 

SSO ~E~ 
~;O ~E~ 

;70 RE}!! 
S80 ~E~ 
S~O RE~ 

'00 ~E~ 
710 PE" 
',0 PE" 
;30 ~E1'4 

7"0 PE~ 
'~O ~E" 
760 PE" 
770 PE" 
780 RE~ 
m pEM 
800 RE" 
810 ~E" 
3:0 ~E" 
330 IE,~ 

?.!(l ~EM 

S~(1 ~E~ 

wo~rlN6 V~RIABLES: 

~ = THE rth P4RA"ETER 
l!?1 = mE ~A"E OF DECISION VIR!48L: "AIm 

rmDATA = mPQ~ARY riLE rOP. STORIN6 DmSIGN 'IAWBLE ~.,,:: 

I, J = LOOP CONTROL 
ROW,SU" = A~R,y rop ~IJ" or ELE"ENT~ IN E4CH ROW or A "IW! 

POW = POW NUMBER OF MAIIMUM ELGENVALUE 
VECTOR = A~RAV rOR !~'TIAL VECTOR AND ~1J8SEQUENT m.ToR; 

C = APPAY fOR TE~PORARV EIGENVECIOR DURIN6 mW!or: 
MAl = MOST RECENT MAl ELE"ENT !" VECTOR DUPING !TE"T!~ 

PRE.m = "AmU" ELEMENT IN VECTOR AT TliE PREVIOUS lTUH,;I 
Dlrr = DIFFERENCE or MAl AND PRE."A! 

EIBEN = AR~IY rOR ELGENVECTOR 
NOR.EI6EN = APPAY rOR NORM,LIZED E!6ENVECTOR 
mEN. SUM = SIJ" or ELEMENTS IN ElGENVECTOR 

CONSIS.IDI = CONSISTENCV INDEI 
"All = LIMIT OF CONSISTENCY INoEI 

9 = THE Kt h COLl'"N or CO"POS!lE !Alm 
NO~.PAR.AVEC = ARRAY FOR NOPMALlZED EIGENVEtTOP OF p4R~~Em ~"" 

CO"PO.'IEC = APRAY fOR COMPOSITE pR!omV VECTOR 
(O!PO."AI = "ATlMIJ" ELE"tNT or COMPOSITE PR!ORiTY 'JECTr,r 

3~O ~~" tt'ftff'fff ••• 'ff'."".'.""'tfff'ffttf" •• 'fff"'ftt'ff""tffff'~ 
·170 RE" • 
330 ~E" 
890 RE" 
'lQ0 REIl 
910 RE" 
?20 RE~ f,fflf'fff'fff'fffffff""ttffffflf""'f'ffff"ffff"fflffffffftfff+' 

930 REIl 
940 RE" 
~o GOSUB 1080 
960 GOSUB 1360 
m 60SUB 3130 
930 GOSIJ! 4980 
990 GOSUB 5210 
!OOO END 
1010 ~E" 
1020 pE" 
1030 P.EM 
1040 RE~ 

: RE" 
: RE" 
: RE" 
: 'E! 
: PE" 

INlmUZE 
SUB-ROUTINE I 
SUB-ROUmE 2 
SIJ8-RO'JT!NE 3 
SUB-ROUTINE 4 

1050 ~E" tltfff"f"'tf"fftfff""fffff'ft'fff4fff'f't"fff'tffffttff"ftfttH 

!Q60 PE" 
!070 RE" 
1080 pE" INITIALIZE 
109Q REM 
!100 RE" 
~t!O ~E~ fflttl"'ffff"'f."""'tfff""I'I'ftf't'ff"f'f"'ff"ftf'ffftl~ 

!120 REN 
1130 PE! 
1140 01" A(20,201, OECIVAR,MAT(20,20), PAPA."AT(20,201, ~OW.SU"(20) 

1150 DIM VECTOR (20), C(201, EI6EN(20), NOR.EIGEN(:O), NOR,PAPAVEC(201 



~!;.) ~'!" ,~:}/IIPO,"AH21),2t1', I4Art~l)J2l)1, fOMPI),VEC(2(U, p~?~~~rr21'l) 

: !7,''1 :-Pl 
: !~n ~E~ 

1!~O OPEN '0', .1, 'SESSI~UN.L!Q' 

,200 P.E!! 
,210 QE~ 
~220 !NPUT 'Qrder of decision variable .~tril i~ " ~ n ~k~r! ~ : " ~ 

:230 "9INT '1, 'Order ~f ,jed,;iN~ v4riabl! utrit is 1'1 l' n 'Jh!re n : 
1240 PRINT PRINT 11, ' , 
1150 PI!INT PRINT 11, ' , 
:00,) oQI~T PI!INT tl, 
:170 PPINT PI!I~T 11, ' , 
,?SO QETlJRN 
!nO PE~ 
1100 PE" 
1310 pE" 
~ 320 :OPI 
:??I'l oEM 'f'.'.'I"I.IIff"""""f'fffflf"flfflf"ff •• ltf'~''t'fftftff'f~f 
• 340 PE~ 

! 350 oE" 
l360 I!E" 
: 370 :'EI1 
: 3:;1) ; El'! 
; 3':('1 ;~~ 

: <00 :E" 

SUB-ROUTINE I. 
THIS IS ! ,IJHOUTl~E rOI! INPUTT!NG THE "mIGN 

:410 ~E" 'Ifftf""fflffff'Ifffffflf'fffff"""'f""'f""f'I"II.Iffl"'~t 
H20 ,Ell 
1430 RE" 
1440 PE" 
1450 REIl 
!<60 PE" 

SUB-ROUTINE CONTROL "OOULE 

~~!~ PP!NT 'Enter the p3r~.ete' nu,ber who~e .atri~ i! to b~ ~!vieyed.· 
1480 P'-INT 11, IE1!te!' t~e ~ara~eter rlulber vhose .atri'{ is t.) be revieloll!lj,' 
!490 PRINT • PP!HT 11,' , 
1500 ItI1'UT 'T~e nu ob., n •. th. nh para •• le', K = I to 201 is' " K 
'510 ~IHT 11, 'The nUlbe, (ie. lh. nh par ... te" K = I to 20) is ? 'j r 
; 520 Ir r = I T~~N LlOS = 'PAPAI.LlO' 
1530 If K = 2 T~E~ LlQ$ = 'PAPA2.LlQ' 
!54~ rf ~ = 3 THEN LIQs = 'PA~A3.LIQ' 
:550 rr r = , T~~N LIGI = 'p,p,4.LIQ' 
~ ~60 If K = 5 THEN LIQ$ = 'p'~A5.LIQ' 
;570 If K = 6 THEN LIQs = 'PAI!A6.LIQ' 
1S80 If K = 7 THEN LIQS = 'pAPA7.LIQ' 
:590 !f K : S THEN LIQI = 'P'RAS.LIQ' 
:50(1 H' K .: ~ THEN L!Qi : 'P!~4~,L!Q' 

'510 If ~ = 10 T~EN LIQ$ = 'PA~AI0.LI9' 
,&20 rf K = 11 THEN LIQ$ = 'PAp'II.LIQ' 
163° !r r = 12 THE~ L!QI = 'P'~'12.LIQ' 
: 540 !~ k: : 13 THEN LI?S = 'PAPAI3.LIQ' 
:55(\ Ir K = 14 THEN LI9S = 'p'RAI4.LIQ' 
:660 ;r K = 15 THEN LIQ$ = 'PA~AI5.L!9' 
:;7<) !r k : 16 THEN lIQI : ·PlPAt6.lIQ' 
! 'i80 Ir K = 17 THEN LI9S = 'PAPAI7.LIQ' 
1 ;30 If K = 18 T~EN LIQI = 'PAPAI8.lIQ' 
: 700 ~f" ~ = 19 THEN LIQ$ = 'PARAI9.LIQ' 

247 



: ,\0 IF ( ,?~ I~EN UQ" 'p~~~~O.LIQ' 

!720 OPEN 'I', 12, LIQ' 
:'30 OPE~ '0', 11, 'TE~POAT~' 
: ~'O -OR I = ! 10 'I 
~ '50 FOR J ' I TO .~ 
~7;O INPUT 12, All,]) 
:770 P~INI 13, AIl,))j 
mo NEXT 1 
1790 PRINT 13, ' , 
1800 NEXT I 
1810 CLOSE 12 
: 320 CLOSE 13 
1830 m 
1940 REM 
1850 REM UST OUT THE OECISION V~RlABLE MAIRII IrRO~ ElISTING rtlE) 
1960 REM 
! 970 REM 
1880 PRINT : PRINT 11, ' , 
:990 PRINT : PRINT 11, ' , 
1900 PRINT 'Th! decision ,ari.ble .atri, is: ' 
l~IO PRINT 11, 'The decision variable oatri, is: 
1:20 PRINT : PRINT It, ' , 
:??O OPEN -I', t2, ·TE~PDATA· 

: "0 ,OR I ' I 10 N 
: ?50 rOR ] , 1 TO ~ 

:,&0 INPIJT 12, OECIVAR.MATlI;!) 
:m PRINT USING '1.111 'j OECIVAUAf(J,llj 
1~8~ PRINT 11, USING '!.tit 'j DECIVAR.MATIJ,Jlj 
! ~O NflT J 
:o<)~ PRINT, PRINT 11, ' , 
:DIO NE!! I 
?'I20 CLOSE 12 
?l\30 PRINT : PRINT 11, ' • 
?II'O PRINT : PRINT tI, ' , 
~O KILL UQ' 
2').0 INPUT 'Do you want to change data in th! ,bove •• tri" Y or N' ',CH.DATA' 
2f.17Q PRINT tl,'Oo you vallt to (~~n9! data in th! ~~o)v~ .~triY-) Y or N? ·;C~.Y.HAi 
~~80 It CH. DATA' = 'Y' T~EN 2260 
~o It CH,DATA' "y' THEN 2260 
:100 Ir C~.OATA' = '~' T~EN 2150 
~!!O rF rH, DATH : 1n

l THE'" 71sn 
:170 SOT~ 2060 
-:: 30 ~~" 
::'0 ~E~ 
:::0 ~E~ 
::50 ~E~ 
:'70 PEM 

~E~AME 'TE~PDATA' 

::~o ~~~E 'TE"PoAIA' AS l!Q' 
::?O POHH 
:100 oPINT 
::1 0 P~INT 
:-:'20 PpINI 
~~o BD TO 2,?40 
:::0 pE" 
::1'50 REM 

PO",I '\, 
PP'NI t! i 
PPINT 11, 
P~I~T I! I 

, , 
, , 
, , 
, , 



:250 RE" 
:270 P.E~ 

::80 REN 
::?,) PRINT: PRINT 11, ' , 
:300 P~I~T : pom 11, , , 
:310 PRINT 'You ·)nly have to enter the "pper t,iangular eleoents' 
:320 PRlNT fir 'Y·)U only ~HI? t.) l?!'Iter t!\'!I IJp?!r tri~ng'jlar !1E'Mnts' 
~330 PRINT : PRUH .1, I • 

7340 PRINT : PRINT 11, , 
:350 FOR I = I TO N 
~360 fOR J = I TO N 
:370 PRINT 'A('jlj','j]') = ' : INPUT All,)) 
~3S0 P9INT 'I, 'A('jlj','jJI) : I i ~(!/.n 
:3~0 W,)) = IIW,J) 
:'40') NETT J 
:'19 N[!T I 
;420 ~f~ 
:'30 REM 
:.ul) ~E" 
:~5!) PE~ 

:'6') ~E" 

~TQPE THE DATA JUST EHTEoEO IN A nAlA mE ~~MED 'TE~PDATA' 

:4 i('i OPfN '0', t2, I TEI'1PDAT A' 
:"90 rOR I = ! IQ ~ 

:"'" fOP J ' I TO H 
::·10 PO!~T 52, ACI,l'j 
~10 HDT ) 

2'~20 PRINT '2, •• 
?'O10 NEXT ! 
~40 CLOSE 12 
~50 REM 
:560 REM 
::570 REM 
~SSO RE" 
~90 OE" 

LIST OUT THE OmSION VmABlE ~ATPIl (FROM MANUAL INPUn 

2600 PRINT : PRI"T 11, ' , 
1510 pmT : PRINT 11, ' , 
2~20 PQr~T 'The decisiQn v~riabll? tatrix is:' 
:~·30 PRINT It, 'T)'! Ij!dsi(ln 'I~ri~ble ,~t'i:r is:' 
~.O PRINT : PRINT H, ' , 
?;~I) OPEn 'P, .2, 'TE"POAT4' 
:;;0 FOR I = 1 TO H 

:,70 rop .I = I TO N 
?590 INPllT 12, OEOVAR.NAHI,J) 
::90 PRINT USIN. ' •. m', ~EcIVA~.m,!,]lj 
:",)0 r>~INT .1, IJSIN8 ",ttt I) ~E~IVA~.~.HlI,J)j 
:'10 NEXT J 
2:20 PRIHT : PRINT 11, •• 
:730 ·~m I 
:~lO CLOSE 12 
?:'50 PPINT : PRINT tl, ' , 
:700 P~lHT : ~INT 11, ' , 
:770 INPUT '00 y~u "ant tQ change data i. the above oatri,? V or N ? ',CH.DAT!! 
:730 PRINT 11, '00 you vant to (h;ng~ data io th~ abov~ utr i ,? Y or Il , 'j ,:~. :"AI 
2790 IF CH. DATAl = 'Y' THEN 2260 
:'?~O If CH. DATAl "y' THEN 2260 



2310 IF cH.DAIAI ,'M' I~EN 1860 
:820 IF CH. DA I AI , 'n' THEN 2860 
2910 GO TO 2770 
28'0 ~E" 
2950 RE" 
2860 RE" 
:870 m 
2880 RE" 
23~O NA"E 'TE"POAT!' AS LIQI 
2900 PRINT PRINT 11, •• 
2910 PRINT PRINT 11, •• 
2920 PRINT PRINT 11, ' , 
2~30 PR!NT PRINT 11, ' , 
2940 INPUT 'DI) YI)U want ~., change another ded!:lQ!'1 variable ·~atrix ? 'JCH.DA~~S 
2950 PRINT 11, '00 you .ant to change another decision vu; Ible utri. ? 'jcr.l~TAI 

2960 PRINT PRINT 11, ' , 
2970 P~INT PQ!NT 11, ' , 
298~ PRINT PRI~T 11, ' , 
2~~O PP.!HT PRI~T tt, I I 

3000 !F CH.DAIAI = 'Y' THEN 1470 
3010 IF CH. DATAl "y' THEN 1470 
3020 I, CH. DATAl ,,~, THEN 3050 
?i)30 rr (~,~ATa :: 'n' T~t~ 30sn 
?·;.10 60TO 2'?.!i) 
3(l50 0£T1I"~ 

3(16Q PE~ 
3070 REIl 
3080 RE" 
3090 RE" 
3100 RE" ff'fltlfffllfffff"f'ffffff""f'f"fff.'f"'ffl""'ffffffft,fffff4++. 

3110 REIl 
3120 PE~ 

SUB-ROUTINE 2: 3130 RE" 
31'0 RE" 
1150 p.~ 

THIS IS A SUB-ROUTINE TO CALCUlATE THE 20 PRIORITY VECTQPS 

3160 RE~ 
?170 QE~ ffffllfff",ff" ... ftffffffff,.,.fffffffl.,fl.ffffffffff'ffffll""f+f 

318Q REIl 
3190 RE" 
3700 P~INT 'Please .ait. Calculation of r,nking of the alternatives' 
3210 PRINT 'is in process.' 
3210 PRINT tl, 'Please wait. Calculation +)f nnting of the ~l~er!'!::!tives' 

?i30 PRINT '1, lis in pr,)o:~ss.1 

3240 rOR ~ = ! TO 20 
3250 60SlJB 3280 
3260 NEXT K 
3170 ~ETURN 
3280 Ir K = 1 THEN UQI = 'PARAI.UQ' 
3290 Ir K = 2 THEN UQI' 'PI~I2.L(g' 
3300 IF K = 3 THE~ llQl = 'PARA3.LlQ' 
3310 Ir K = 4 THEN LIQI = 'PARA4.LIQ' 
3320 IF K = 5 THEN LIQI = 'PARA5.LIQ' 
3330 IF K = 6 THEN UQI = 'PAPA6. Ug' 
3340 IF K = 7 THEN LIQI = 'PiRA7.LIQ' 
3350 !, K = ~ THEN UQI = 'PAPA8.UQ' 
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32S~ If ~ : ~ rWEN lIgs: ·PA~~9.l[Q· 
3370 IF I '!O THE~ LIQS' 'PAR~10.LIg' 

3380 If I • I! !~E~ LI91' 'P4~All.LI9' 

,390 If I • 12 THEN t!91' 'PAPAI2.L!Q' 
3400 IF r • 13 THEN LIQI' 'PApAI3.LIQ' 
3410 If K • 14 THEN LIQI. 'P4PAI4.LIQ' 
3420 1. I • I~ THEN LIQI. 'PApAIS.LI9' 
34]0 If K • 16 THEN LIQI. 'PAR~16.LIQ' 

]440 If I • 17 THEN LIQI' 'PARAI7.LIQ' 
3450 If K • 18 THEN L1QI: 'PARAIB.L1Q· 
3460 If K • 11 THEN LIQI' ·PARAI~.LIQ· 

3470 I. K • 20 THtN L1QI' 'PARA20. LW 
3480 OPEN 'I', 12, LlQI 
3490 fOR I • 1 Tn N 
3500 FOP T • 1 TO N 

35!0 INPUT 12, DECI'JAR.~AT(J, Jl 
3520 NETT , 
3530 NEXT I 
3540 CLOSE 12 
35~O REM 
3560 ~E~ 

:570 ~EM. •••• ~ •••••• ,.,.,.'!' •••• '.~f.' •••• t·,.'t ••• ·t.f •• ff'.f f'fffffftt ••• f+f 

3530 pE" 
35~0 RE~ 

3600 ~EK 
3610 REK 
1620 RE" 
3630 REK 
3640 REK 

SUB-ROUTINE 2,1: 
THlS IS A SUB-ROUTINE fOR rINDIN6 mIKUK EIGENVALUE AND I~ 
CORRESPONDING ppIORITY YECTOR Of A SqlJARE mm or 'JRDE~ • 

3650 RE" tlffft.ffffffttf.tt'fffffffffff.fff'ffffffft"ffttft"ff't,.t'lftf.t .. 

3660 R~ 
3670 REK 
3680 RE" 
3690 REK 
3700 REK 
371 0 GOSUB 3B40 
3720 GOSUB 3160 
3730 GOSUB 4070 
3740 GOSIJ8 'lB0 
3750 GOSUB 4610 
3760 60SIJ8 4700 
3770 60SIJB 4830 
17BO RETIJRN 
379Q RE" 
3300 REK 

SUHOUTlNE 2.1 CONTROL ~ODULE 

: REK fIND THE SUK or ELE"ENTS IN EACH ROW Of K~TRII 
: RE~ rIND THE KAll"UK or ROW-SUKS 
: RE" ASSU~E AN INITIAL VECTOR 
, RE" PERfOR" THE ITER~TIONS 

: RE" CALCULATE THE EI6ENYECTOR 
, m (ALClJtATE THE NOp~ALllED EL6E~VECTOR 
, Pt" ITOP~ THE ~OR"ALIIED EIGENYECTOR 

3810 RE" 4tfff'f"""I"'f"""'fff'f""'f ••••• , •• tftf"""""'14ff""'" 

3B20 RE" 
~83Q PE" 
3840 RE" 
3850 ?8I 
~~;,' PE,. 

fIND THE SU! 0. ELEME~TS IN EACH POW or ~ATpII 
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:,,~ 'QR I ' ! TQ N 
3S9010W.'""(!) , ~ 

?3?O 'Q~ J ' I TQ ~ 

3~no 10W.SUMIII ' 10w.~I!"r!.! + OECIVII.'ATC!,)) 
;~!~ ~JEH J 
,?20 NEH I 
~1~ mlJPN 
3~40 RE~ 

3~SO RE" 
:1%0 RE" 
~7n m 
~'80 OE" 
?'lQ~ .11 ' 10w.~:WI' : ROW' I 
4000 'Q~ ! ' 2 ro N STEP I 
'010 " MI ) IOW. SUm) THE~ 4030 
~20 MAl, ROW.SU"CIl : ROw, I 
'030 HEn I 
4.,40 ~ETIJRN 

'050 REM 
~60 RE" 
'070 REM 
.nso REM 
·q~O ~E~ 

ASSUME AN INITIAL VECTOR 

4 I '10 FOR) , I TO N 
'1!" IF ) 'POw THEN 4!30 
'120 'JECTOR [J) 'I, : BD TO 4140 
'130 ·.'ECTORI)) , 
'140 NElT ) 
:150 RETUPN 
'160 RE" 
'170 RE" 
'180 REM 
'190 REM 
4200 PEM 

PERFORM THE ITERATIONS 

4210 PRE."Al ' 0 
'220 FOR I = I TO N 
'230 C(I) : 0 
'140 FOR J : I TO N 
'25" crI) , Cl!) + OECIYAR.MATII,Jl , YECTOR!)) 
'260 ~EIT J 
'm HEll I 
-280 m : Cl!) : ROW' I 
'290 FOP I ' 2 TO H STEP I 
'300 IF' ~A~ > Cl n THEN 43:0 
"311) MI! : Cl!.! : 0QW, I 
-320 NElT I 
'330 m 
'340 RE" 
'350 oEM 
'360~E?! 

'370 RE" 

TE,T rQ~ THE NEED OF FUITHER ITERATION 

'380 IF N: 
'3~0 IF N' 
,,00 IF N: 
'410 IF N' 

3 THEN DIFr: .oln 
4 THEN om: .00' 
5 THEN DlrF: .005 
& THEN OIFF: .00& 

2S2 



,U~I) If ~: 

4.30 IF N = 
4HQ Ir N = 
HSO Ir ~ = 
HoQ Ir H = 
4470 IF H = 
',ao IF H = 

9 
l 

1~ 

11 
11 
13 

TWEN DIrF = .007 
T~EN OIrr = 8.000001(-0;3 
TIlf:N OIFr = 9.000001£-03 
!HEN Wr = .O! 
THEN wr = .011 
THEiI om = .012 
T~EN om = .013 

4490 IF N = 14 T~EN DIH = .0!4 
'500 IF N = IS THEN om = .m 
'SIO IF N =) 16 THEM DIFr = .02 
4520 [r A8SI"AI - P9£.ml (DIFr THE~ '5~0 ElSE 4530 
'530 FOP J = 1 TO N 
4540 VECT~(JI = C(J)ml 
4550 NElI J 
4560 PRE."AI = ~AI 
'570 60TO mo 
4580 RETIJPN 
4590 RE" 
460Q ~E" 
4610 PE" CALCULATE TWE EI6ENvgTOP 
'620 RE" 
4630 RE~ 
4640 FOR 1 = 1 TO H 
'650 EI6E~I!) = C(J)/M! 
4660 NElT I 
.670 RETURN 
46ao RE" 
4630 RE" 
4700 m CALCULATE THE NOR"ALIZEO E1GEIMCTDR 
4710 RE" 
.720 RE" 
4730 EIGEN.SU" = 0 
'740 rOR I = 1 TO N 
4750 E1GEN.S1J" = EIGEN.SU" + EIGEN(f) 
'760 NEIT I 
4770 rOR I = 1 TO N 
HSO NOUIGEN(f) = EIGEN(J)/EIGEN.5U" 
4190 NElT I 
4S00 RETURN 
4SIO m 
4820 RE" 
4830 RE" STOPE THE ~ORMLI1ED EmNVECTD~ 
'840 RE" 
4850 RE" 
'860Q=K 
'870 rOR I = 1 TO ~ 
'880 CO"PO.mn,91 = NOUIGEN(J) 
'890 MD! ! 
.~OO PETlJRN 
'910 RE" 
mo RE" 
.930 RE" 
'~40 RE" 
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4~5n ~E~ """'t'++'+'+'+'I'I"+"tt+I'lltt'tl'I't't"""lt'lIttttf+fft""'t 

£~~.O °E~ 

.!:7fl 9€~ 

4~80 ~E~ 

4'?~0 REM 
5000 ~€~ 
SOlO ~E~ 
S020 ~E~ 

SI!~-~OUTm 1, 
THIS IS A SUe-ROUTINE FOR lONST~IJCT!N" THE 

S03~ RE~ fffffffftt'ffftttffffffffff'ft'tf"'ff"ltl'ftt"ff'"'.f.flffftt .... t 

5040 PE" 
~"50 Opt 
5060 OPEN '0', 12, 'COMPO"~T.L1Q' 

5070 'OR I = I TO ~ 

:'OSO rOR J = I TO g 
SooO PRINT 12, CO~PO.MATII,J)i 

5100 NElT J 
5110 PRINT 12, ' , 
5120 NEn I 
5130 CLOSE 12 
5140 RETURN 
5150 RE" 
5160 RE" 
5170 m 
~ 130 RE" 
5190 RE~ tfffttt"""t"fffffftf'fffffftffff'ffft't"f'I'ff'fff'tftfffttttt++t 

mo m 
5210 RE" 
5220 m 
5230 RE" 
5240 REM 
5250 FE" 
5260 ~E" 

SUHOUTINE ., 
THIS IS A SUB-ROUTINE rOR CALCULAT!N6 CO"POSITE 
PRIORITY VEnQR 

5270 RE" f'.ttfflltltfflttlfftf.'fff'f"f"ftfl, •• t'ff.f'f"t'ffttfffffffftt+tt 

5280 R8! 
5m RE" 
5300 RE" 
5310 R8! 
5320 m 

SUB-ROUTINE • CONTROL MODULE 

5330 OPEN 'I', 12, 'PAPA"AT' 
5340 K=20 
5350 r,nSUB 5510 
5360 CLOSE 12 
mo 60S US %20 
5.381) O::'€N '!', '3, 
5390 60St'S 0470 
5400 CLOSE !3 
5410 60SUB 6580 
~4Z0 BOSlIB 671)0 
5430 605U9 6840 
5uO CLOSE 11 
5450 RETURN 
5460 RE" 
5470 ~E" 

,m mCUWE T~E E!6EHVECTOP or 'PlO'.",!' 
'CO~PO~A T. L IQ' 

'~E~ INPUT DATA rRO~ CO~P05ITE "ATRll 

,RE" PERrOR~ T~E ~ULTlPLIC~TION 

"," E1PRESS CO"PO.vECIl) IN TER~S or , 
,m POI~T T~E RESULT or RANnN6 



5480 ~€~ """"II'I"'I'ff •• f""""""I,f.f"'."I'""f""""" ••••• '.1 

5~~O "E" 
5510 OEM 
5520 m 
5531) ~EI1 

55'0 ro~ I ' 1 TO r 
5550 ro~ ! ' 1 TO K 
55,0 INPIJT 12, PARA.WO,!) 
5570 NEXT J 
5580 NEn I 
5590 RETURN 
5600 REM 
5610 REM 
5620 oEM 
5630 m 

CALCULATE THE EI6ENVECTOR OF 'PARAMAT' 

5640 OEM 
sm oE~ 
%.0 oEM 
5670 REM 
%80 RE~ 

rIND TWE SUM or ELEMENTS IN EACH ROW or MATRIX 

56~(1 ~9' 

5700 FOR I ' 1 TO ( 
5710 ROW. SUM (!I , 0 
5720 FOR ! ' ! TO ( 
5730 POW.SUW) = ROW.SUM(!l t PARA.MTIl,!) 
5740 NEXT J 
5750 NEXT I 
5760 REM 
5770 REM 
5780 OE~ rIND THE MAlI~U" OF ROW-SUMS 
5790 m 
5800 REM 
5810 MAl = ROW.SUM!!) : ROW' 1 
5820 FOR 1 = 2 TO K 
5830 
58'0 

IF "AI) ROW.SUM!I) THEN 5850 

5850 NEXT I 
5860 RE" 
5870 oEM 
5880 REM 
58~0 'E!! 
5900 oEM 

MA! ,oOW.SIJM(!) : oO~, I 

~SSU"E AN INITAIL VECTOR 

5',,!) FOP. J ' ! TO , 
5920 Ir J 'oO~ TWEN 5~'O 

5910 VEo:10R(n = 0 60TO 5950 
5940 VErTORIJ' , 1 
5950 NEn J 
5~60 REM 
5910 oEM 
5990 oEM 
5990 PEM 
6000 REM 
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)')1') PPL,~A( , ,) 
;020 rOQ r ; ! TO ~ 

61)111 I~( n : ~ 
SOAO 'OP ] , 1 TO ~ 

6050 (!il = (n' + PA~A.)IIAfq,Jl t V~CTOP(]) 
\,)\0 ~E:(T J 
\<)7n HEll ! 
;oen ~A I , cr!l : POW' 1 

SO~O rop I ' 2 TO ~ STEP 1 
.100 If ~Al ) cm THEN 6120 
6110 m = CII) : ROW, I 
6120 NElT I 
6130 pE~ 
6140 11E" 
6150 RE" TEST fOR THE NEED Of fURTHER ITERATION 
6100 m 
0170 ~E" 
S180 Ir mr~Al - m.Mll (.02 THEN 62[,0 ELSE 6190 
61~0 rop ] , 1 TO K 
5200 VECTOR!]) = C!J)f"AX 
6210 HEn J 
6220 pO£."AI = ~Al 
027') so:o 6020 

52GO pE" 
mn p~ 
5280 PE~ 

C_LCULATE THE EIGENVECTOR Of '~ARA"AT' 

['2?O fOR I ' I TO r. 
5300 EI6ENIl) = C(J)/"AI 
6310 NElT ! 
5320 RE" 
6331) PE" 
6340 PE~ 
6350 p," 

&300 RE~ 

CALCULATE THE NOR~ALIIED EIGENVECTOR Of 'PARA"AT' 

633n rop ! = 1 TO r 
63~0 ElGEN. SIJ" = E 16EN. SU" + E 16EN f!l 
5400 ~m I 
S410 rop I = I 10 K 
6420 ~OP.PAPAVEfr!' = EI6Ewrl)/EI6EN.SU~ 
6410 NOT I 
,440 l'ETUpN 
545') RE" 
5460 PE" 
6470 RE" 
0480 RE" 
54~0 PE" 

;510 rORJ=!IOK 
<520 !~PUI '1, WIl,)) 
1530 :IElT ] 
6540 NOT ! 
;550 RETURN 
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;~:,) "P! 
: ~i"1 ~c~ 
;5S() 11~" 

;~30 ~E~ 

;;110 ~E~ 

5&10 FO~ I ' 1 TO ~ 

;;:0 CO~PO. VECI D ' 0 
6630 FOR J ' 1 TO K 
S5JO COKPO.'IECIll ' COKPO.vEClD ' MW,]) , !IOUAPAVECr]) 
mo NEXT J 
5060 NW I 
,6iO RETURN 
<;680 REK 
;690 RE" 
&700 REK 
6710 REK 
6720 RE" 

EXPRESS COKPOSITE PRIORITY VECTOR IN TERKS OF % 

6730 tOKPO."Al ' COKPO.VECll) 
;740 ro~ I ' 2 TO N STEP 1 
6750 IF CO~PO. MAl ) COKPO. VECI II THEN 6770 
6 no COKPO. m ' COKPO. VEC IJ) 

6770 NEXT I 
5780 FOR I ' 1 TO N 
;7?0 pmm(J) , ICOKPO.'.'ErIJlJrO~PO.M\l , 100 
;800 mT I 
5910 RETURN 
6820 ~EK 
,,830 REK 
6840 REK 
;l3S0 m 
;8;0 RE" 

PRINT THE mULT OF ~.!W!~6 

6870 PRINT : PRINT 11, ' , 
6B80 PRINT : PRINT 11, ' , 
&BSO PRINT 'The ranking is: ' 
,~oo PFINT 41, 'The 'anking is: 
f,S10 PRINT : PRINT ", ' , 
6920 PR!NT : PR!NT 11, ' , 
,no PRINT ' " 'PANr.ING IN I' 
6940 PRINT 11, ' " 'PANnN, IN ~' 
~=50 PPfNT • " • ____________ • 
:%0 P~PlT t1 •• • • , ,------------
,370 PRINT : P~INT 11, ' , 
6~SO rnR I ' 1 TO N 
;',?O PRINT 'Alternative '; I, PERCENT(!l 
't,~O PR!NT 11, 'Alternative '; 1,"'fEST!!) 
;')!O~m I 
7n20 RETU?N 
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APPENDIX C.l. 1 --- MALAYSlA 

(A) Sewerage 

1. Total population 

'.r- "l' a) % in urban areas ---=-':....::..'-I{...C:Y 

b) % in rural areas __ ......::.{,-"5"'-/~ __ _ } Total 100% 

2. Percentage of population served by public sewers 

a) % in urban areas 13 Lo 
b) % in rural areas 1M1L:f~L. 
c) % overall of (a) ( b) ~. S 'Z" , 

3. The sewet'ag!; systens us€d in (2 ) above are ~ainly 

or g <1) Combined sewers I Yes I 
b) sepurate se'Ners ~ or ~ 
c) both combined & separate sewers: I Yes I or ~ 

If the answer is (c), please give details 

4. Names of 3 Idcgest cities 

Cl) ( FOfJu1ation 

b) .J e-rl __ 
I 

(population 

G e,' r1f -t..t .. r", -----.,.--------c) (population 
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5. 

6. 

7. 

'IOtal length of sewers: O"(y 3 <:.il-,LJ L.'{. ""~"'f' srr,,-, 

a) in City k. L. / Sh,,/.. !jl.~.... is 1\, r ~ ... -..r-- km 

bl 

cl 

d) 

al 

b) 

cl 

in City (;, c"1I- To ,~'­
J 

in City kohl k,·""/,,,I ...... 

is __ ~.~. ___ km 

is ___ . '~ __ km 

{).ferall total length of sewers in the whole country is 
km. C ... tr(ro-·orori.. L..rL, r.~.y t>"'~1k 

.............. .u... rl~,,;, '~<-. 

Largest diameter of sewers used 

Cfs 0 mn !IS (City ) 

mn!lS (City 

mn!lS (City 

Smalles diameter of sewers use 

I ~o rrni!6 (City 

1lI1l!6 (City 

1lI1l!6 (City 

Average depth tJ:-r L,OW"h 
m (City 

m (City ) 

______ m (City 

dl Materials of pipes mainly used in tt~ country 

GteeI] 

. rroocreteJ j 

Average cost of sewers $ ______ per km. 

[riiCTiJciTOgJ 

[e"xciUdTii9J 

259 

} pumping stations 



(B) Treatment Plants 

8. How many wastewater treatment plants altoge~~r, whether large or 
small, industrial or municipal, are there in the country? 

9. 

10. 

11. 

12. 

a) N.\- f" h:1t.. h j'--<- (public) 

rL.. .{." " Lt", ,,~ I.v-. 
b) =-c===:-=--::'=---- (pLivate) e.g. in-house plants 

in factories, etc. 

Whether or not a name list of the plants in (g) can be provided. 

Q-Jantities of wastewater produced per day 

a) Industrial estates ; iD m3/Ha/day (average) 

b) Municipal : 2o-e l/capi ta/day (c';erage) 

How is the charge collected from the users : 

a) 

b) 

c) 

through "sanitation fee'? ~ or Nof t.""", d,"/'" 
_/ ~ ,f!. r rl .... -r 

through water consumption fee? ~ or [§J 

If yes, .-__ $_0 __ % of water fee is for wastewater 
treatment. 

through general tax revenue? I Yes I or 

through property tax? 

through other means? 

~or 
(. ... "''' f, '" c-L... ,t. 

(please specIfy) I h 

Average charge $ per m3, ----
13. The charges recovers : 

{ 

[SeWerage systems onl~ 

( treatment plantsonlvl 

[b:l~ 
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14. IVhetl,,:r ur not equ i table? I Yes I or 

15. Names of 3 larges wastewater treabnent plants: 

a) 

b) 

cl 

p~, ~, f-r...; . 

P~lAbi :~ (location /( .. Io.v< L., .... r"',.-, 

i) treating 

[IOOustnal I 

I municipal ~ 
I toth I 1 wastewaters 

ii) .nethod of treatment 

iii) size population equivalent. 

{ 
I industrial I 

} lmunici~ i) treating wastewaters 

ltoth\ 

ii) method of treatment 

iii) size _____ ~=~_Z~I~&~D __ O ____ population equivalent. 

i) 

ii) 

iii) 

{ 
I Inaustnal I 

I I municipal~ tt-eating wast.ewaters 

[§Eh] 

method of treatment : __ { __ h...--.:./'_;_".f.r_· :....h:....L_~-Ir:...·_ ..... _L,_ 
I 

size f 1. oU-O population equivalent. 
----~------

(,{) '.,cL-a ITf. "t ( .. <I'·d'- r;y: Jl,trnJ f.e 
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16. Future development in treatment plants : 

centrali~tion or decentr~lization : a) 

i) One plant for a few nearby towns/cities? 

lli~ or ~ 
ii) Each town/city has several plants? 

I Ye so/ or ~ 

b) She : 

il tends to be larger? I Yes or ~ 
iil tends to be smaller? I Yes I or [§J 

ili) No change? I Yes I or [§] 

GloU)ta'~\ (~-~1-

b.o. .\ l.o.~' ~ .. -t ,~l 

P-'r ",1'-1 • "-
f;h ........ h ................ 

17. Is there or will there be any provision f:~ effluent reuse? 

eyes] or I NO/ 
If yes, in what way? 

(C) Legislation and Management 

18. The authorties dealing with fresh water acd wastewater are 

{ the same 

I sepa,:~~/ 
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19. Names of the authorities 
wastewaters are : 

a) On national basis 

b) On regional basis 

c) On ci ty bas is 

d) Others: 

which formulates policies concerning 
I. ,./1;.;,1,.1 "t ., .. t ....... T"I,""'Or) l ';".;'0.'"""" 
~. /"/;.;'''''J 't 1fv,1r'. 
1. q l-k.A.l:.., .5: L"c..a.A. &.v(.A""",",""""t 

7 

The relationship of a, b, c and d above is 

IS 

20. Are the authorities mentioned in (19) resp:nsible for setting 
effluent standards? 

[YesY or ~ 
If no, what authorities? 

21. The division of region (see 19.b above) is bas on 

a) the existing administrative boundaries. 

eyg' or ~ 
b) another set of boundaries divided according to the water 

courses. 

I Yes I or ~ 
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• 

22. N;;unes of the authori ties resp:msibl:e-for enforcing the leg islat ion 
and controlling the industrial discharges are : 

a) 

h) 

c) 

d) 

On national basis 

01 regional basis 

On city basis 

Others : 

Lwl ""d'{ .. ~'f.'I.-/ (,t,M:"'n;<Af~ [0 ... ,":1/ 
, p',n.'A c •• '"~;,{) , 

Th~ relationship of a, b, c and d is : 

k h,-u..... (0..) ,,~.{ (c) , 

23. NillTles of .the authorities resp:msible for the planning" design and 
construct-ion of wastewater facilities are: 

a) 01 national bas'is-: '/'-';";(/-"7 J'.j- 1-/-0 le .-':f t LIJCA{ b(..Vl,", .. t."r 
) 

b) On regional basis tt;A. ... I, 

Lo~ t\ ;'"r1,'ry,' h· t,.-J 01 city basis c) 

d) Others : 

The :r~lationship,of' a,b~'c and d is, :~~' 
~---------------------

<.. c) 

24. Names of authorities responsible for the operation and maintenan(>' 
of the sewer and treatment plants are : 

a) On national basis twl 

b) 01 regional basis tWI -_.-._-
c) On city basis Lo<..J. CA L\ tLoy l'bL'~ .---
d) Others : 

Tlle relation<;hip of a, b, c and d is 
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28. HaV~ the tdlowing points in general been provided for in the 
legislations for industrial wastewater discharges? 

a) Staged implementation (geographically) 

IYes! or ~ 
b) Different effluent standards for different zones. 

~or @ 

c) Standards expressed quantitatively uest or []£J 

• 

cl) Are there existing discharge exenptions I yesi or ~ 

29. Expenditure spent in (i) sewerage and (ii) treatment plants' : 

National 

Before 1980 $ 

1981 $ 
00 \ ~ ""'""" 

1982 -- $ 

1983 $ 

1984 

: J ""I z 1.¥o ( L t.. ....... J. .'" f~g J (,"CA I!v-<A ) 
1985 to 

, 

ultimate 
$ 

30. please outli.ne some difficulties faced in the implementation of 
these schemes, technically or managerially. 

I 

1.. 

J. 
J 
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------ -- ----

APPENDIX C. I. 2 --- THAII.AND 

(A) Sewerage 

1. Total population !)~ Ol~O 000 
/ , 

{, '" ;/1, .... 'h &._,:.. ... 
l Y-} a) % in urban areas 7' 2 ... :1/.'''' 11:3 7:.. $; .-,..yt,rl 

1£ 70 

Total 100% 
b) % in rural areas 7b ,,,,,,- 7<.. 

r"" v;.<-.-...( c..-;h '.a 4 

2. Percentage of population served by public sewers : 

a) % in urban areas 101) 000 (-t.dakJ '" rl q,. vt.4.. 1 
< • 
f 

f"U'-' u.;ce" 
b) % in rural areas ______ 0_ • 

c) % overall of ( a) ( b) /J n;. c/.u.- i~ o ,}, 
I I 

3. The sewerage systems used in (2) above ace mainly 

a) Combined sewers [YeS] or ~ 

b) separate sewers ~ or ~ f<.r rl ... u. /0« ,)co rli.~t 

c) both combined & separate sewers : ~ or ~ 

If the answer is (c) I please give details: _________ _ 

Uh-I.,-"JL·L A.l""t.'" MA. ~ n. CA h-:.-:--F---

4. Names of 3 largest cities : 

a) _-~"'toL ( population r; f.,A;//;t1...-

b) Cl, i" ""I ""-A- j (population D'I <}..,'/I.-... >-

V 
c) -~T--- (population SO. 00 0 

• 
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(B) Treatment plants 

B. lbw many wastewater treatment plants altogether, whether large or 
small, industrial or municipal, are there in the country? 

a) /6 ( ......... ; ~, . ...l ) 
I 

b) tOO (,-.. .i-c r.;v-A ) 
inactories, etc. 

(public) IIf (t·~ll) t 2 (M"r) 
= 11, 

(private) e.g. in-house plants 

9. Whether or not a name list of the plants in (8) can be provided. 

10. 

11. 

Quantities of wastewater 

a) Industrial estates : 

produced per day 

.~1- ~ ~\.1!WV'- m3/Ha/day (average) 

b) Municipal /f)o l/capita/day (average) 

How is the charge collected from the users : 

a) through "sanitation fee'? [Yes 1 or ~ 
b) through water consumption fee? I Yes I or ~ 

If yes, % of water fee is for wastewater 
treatment. 

c) through general tax revenue? I Yes I or ~ 
d) through property tax? ,-Yes, or 

e) through other means? NQnc..l",,~_, No l~~L t-. (,,(rl_ ",;t FI-<'JtJ, 

(pfease s[lecffYf ,k.-" ,J .. r'· ~ -n. (""I 
i _.t.. f r,.;-4/., h ..A- J,.'" l .. 

,-rhlt' .... "rLM i._t rkL r /,,""-
12. Average charge S _________ per m3. ;, ....... ,. 1'~ ~~rli~-(.~, 

13. The charges recovers : 

{ 

I sewerage systems onlyt 

I treatment plaiifSOiiIYl 

[ti:>}hl 

269 



14. I-Alether or not equitable? I Yes] or ~ 

15. Names of 3 larges wastewater treatment plants : 

t 
I looustnaI I 

} I municipal ~ i) treating wastewaters 

I toth] 

ii) method of treatment A (H~.\t<-.{ r1LL ¥t-
Hi) size 20 e vD population equivalent. , , -----

{ 
I industrial I 

} i) treating ( nunicipal wastewaters 

pX>th] 

ii) method of treatment: A-c.h'v .. rJ. 
j ''''-1 L ---

Hi) size __ .:...5_8:...--_0 _°_0 ___ population equivalent. 

---) 

i) treating { 
[lii"Oustrial I ) 
[muniCipal~ wastewaters 

L§QiJ 

H) method of treatment: 

iii) size: 1,j' 000 population equivalent. 
I .---
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16. Future development in treatment plants : 

a) Centralization or decentralization : 

b) 

i) One plant for a few nearby towns/cities? 

rYeS] or @ 
ii) Each town/city has several plants? 

IYesl or ~ 

Size : Jl'-Wc"t,r -h (J. ""' ~ t.,,~_ !1J1r~<lJ 

i) tends to ,be larger? I-YeS] or ~ 
ii) tends to be smaller? I Yes I or [§] 

iii) N::> change? [ Yes] or @ 

.... ~ .-oh.-" h ""'" 

17. Is there or ..... ill there he any provision for effluent reuse? 

I Yes I or I NO~ 
f '''' I I yes, in wllat way? 

------------- ------------------------

(C) Legislation and Management 

18. The authorties dealing with fresh water and wastewater are 

I the same I { 
\ separate / 
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19. Names of the authorities which formulates policies concerning 
wastewaters are : 

a) On national basis 

b) 

c) 

d) 

The relationship of a, b, c and d above is 

20. Are the authorities mentioned in (19) responsible for setting 
effluent standards? 

[yeS\(' or ~ 
If no, what authorities? 

21. The division of region (see 19.b above) is based on 

a) the existing administrative boundaries. 

~ or [§] 

b) another set of boundaries divided according to the water 
courses. 

or 
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22. Names of the authorities responsible for enforcing the legislation 
and controlling the industrial discharges are : 

a) 

b) 

On national basis 

01 regional basis 

S"l~. f-t,',.( "i,,'I-,.., hr,rn-..-r ( .... 

~~.L.,..., <r t~JD 

c) On city basis 

d) Others: 

The relationship of a, b, c and d is 

23. Names of the authorities responsible for the planning, design and 
construction of wastewater facilities are : 

a) 01 national basis ~c ,,,ti,, Cl" ,£,,,,1,1:, L~",.. Gc. Iv<hi,v) 
-------

b) On regional basis [tJP (11,; 

c) 01 city basis : /J"/-",,.J. !I-olAf;'j 

d) Others: kp~.r"""_t '] /Ip.,uL 
I 

The relationship of a, b, c and d is 

No 

_--,P=.,: oI':..:i~)'~ "" , , 

;. my'" .rrr') 

A .. rt.."""1 

L,,:, ' 

S T I' r I-n. h Cl CI'/c> /, '" l{ 
ooA..~ Tl~.';I,.~tl, 

vt.'J e .... ;.,.. I ~ J , 
-; -I,L..:.:..::...::.....:....:....----

24. Names of authorities responsible for the operation and maintenance 
of the sewer and treatment plants are : 
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25. The authorities responsible for monitoring WC5tewater discharges 
are same as the ones mentioned in (24). 

t:Kill or ~ 

26. Briefly describe the methods used in monitoring wastewater 
discharges. ie.g. the number of times in a month taking 
wastewater samples from a factory, etc.) 

1 Lv j) 

4 h ;.v-. 

A. iftl.r-· ___ n _________________ _ 

27. How many legislations currently are there concerning with water 
polution control? 

1. ~1kl MI""'r.I;h.~ /lJ~;~;,/"'hn. Act{Date 

2. Ncthi.",/ (;-..v'-"""'I~f.al &_1;, A~r (Date 

3. ~;lt;1 C ...... h-A Ac..t (Date I j 1 j ) 

4. Dt,,(,h"c r;.R'~t 5h-.... k~ (Date '11-4 CJl'dft a~» 
The approximate time of enforcement after the publication of 
legislation : 

[fyear] I 3 year I 

(please speci fy) 
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28. 

29. 

Have the following ~"-'ints in genecal been pmvided foc in the 
leqislations foc iooustdal wastewatec dischacges? • 

a) stage<J implemental ion (geogcal-'h icall y) 

IYes I oc ~ 
0) Diff:",r:ent effluent standacds foc diffecent zones. 

[Yesl oc (J"!2J 4 s~~~,I.., A e / c ~ Jl . 

cl stalloacds expt:essed quantitatively [Yes¥ oc ~ 

dl An~ th<:ce existing dischacge exemptions I Yes I or ~ 
/Jot 'k rh.! /" v' , 

k..t ><.(" ... Io'" ;J 
...... __ 11

1 
r-~ h> 

1 
. olcl. J..., "~:'I Expendilllce spent in (il sewerage and (ii) tceatment pants: r • 

National 

13e(or:", 1')80 $ 

1981 $ 

19B/. $ 

1983 $ 

1984 $ 

1985 to $ 
ultimate 

No rlt1kk ;/' 
F>-r"" C.~k~U't" k .t~J:1 k~ <V> 

• .Q.R. ~t eo. '" rt..,..,..; -h <-" o1vu. Ok ... 1.-....1.. 
$ 

30. pleas" outli.ne sane difficulties faced in the illl[Jlelllent<ltion of 
these S<.:Io('1I1(>8. techn ic.111 y or mani'lqerii'l lly, 

I, L.o.<1c- 1= 1-'''' J. i c,,~ b v-<. h" I"'ft ;... tk r 1.- j.,-";-"~I' .Lr ' 
~, LAd,- 4 ). .... It .... ,.-,,'''' "'" r1u. Fe...-t- '1 r~"......( r"L/.-._,-_. __ 
~, u'c"- q. -b--.-;-'1~" krt... 1:ecL~:,-"..1. ,,-../ rpu.;,vJ. /lv<.LJ. 

4, f'v1" .... r~ Fbi.""" F Ih~, <c ~ .... ..- L..""-1 OK'-~;""- . 

.... ' ...... J.1 ~ to ""'_'f~l .... ~ .t.fI',,,(hL-,. 
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-------------~---- --

~pp~:JIX C.1.3 --- TAIWAN 

A) Sewcr"ge 

1. Total population ___ ~£Erox. 18 million 

a) % in urb.:tn areas 20 

} /j0 'rotal 100% 
b) % ill rucal areas 

,~~ 

(u5~d currentll STORM SEWER , :lEEEBAIE SE'IIER , -to convey wastew ter) 1983 1991 1983 1991 2. Peccentage of population served by publle sewers 
T8ipei 82% 90% 6% 50;i\ 

a) % in urban areas Kaohsiung :2~ 2:2!! 
O;i\ 48% 

b) % in rural aceas 

c) % overall of (a) (b) 13% 42% 1% 

3. The selo.'et-age systens used in (2 ) alxlve are me:nly 

a) Canbined sewers I Yes I or I No I 
b) separate sewers I Yes I or Q!£J 

c) both combined & separate sewecs : I Yes I or ~ 

If the answer is (c), please give details: ___________________ _ 

seperate sewerage system constructed sine e 1?"i0 in sevt:ral urban 
------------

are~ or large cilie~. 

4. Naif,es of 3 lcicgest cities 

a) Taip"i ( popu la t ion _....::2,!.. !:;2~5~::.-!~OOO=:..-. __ 

b) Kaohsiung (population _~12.~2~5~C~!00~~~0~ __ _ 

c) Tai chung (p::>pulation ___ ~6Cx:!000 ___ ) 
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(B) Treatment Plants 

• 

; 

8. How many wastewater treabnent plants altOjet.her, whether large or 
small, industrial or municipal, are there in the country? 

a) 17 (public) 

b) 20CJ (Kaohsiung ) 
~factories, etc. 

(private) e.g. in-house plants 

9. v~ether or not a name list of the plants in (8) can be provided. 

10. Quantities of wastewater produced per day 

a) Industrial estates ; 50 - 200 ------- rr.3 /Ha/day (average) 

b) Municipal: 250 _ jZ~ l/capita/day (,,';erage) 

11. How is the charge collected from the users: 

12. 

13. 

a) 

b) 

c) 

through "sanitation fee'? 

through water consumption 

If yes, 
treatment. 

% of 

IYesl or ~ 
fee? ~ or 

water fee is for wastewater 

through general tax revenue? I yesVor ~ 

d) through property tax? [-yes] or Q§JI 
e) through other means? 

Average charge s per m3. (for municipal sewerage and ----

The charges recovers : 

{ 

[SeWerage systems on10 

I treatment plantsonrvl 

[b5\y 
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16. Future developnent in treiltment plants: 

a) Centralization or decentralization: 

i) One plant for a few nearby towns/cities? 

[Yes.],/ or ~ 

ii) Each town/city has several plants? .. 
I Ye~ 1/ or IJ§] 

b) Sfze : 

i) tends to be larger-? I Yes Q/I or O§] 

ii) tends to be smaller? I Yes I or ~/ 

iii) No change? Iyesl or ~ 

17. Is there or will there be any provision for effluent reuse? 

(Yes I or ~ 

If yes, in what way? 

yes. but very little paper mill industries (pot pulp) 

Min Shen effluent - irrigation of glasses. 

(C) Legislation and Management 

18. The authorties dealing with fresh water and wastewater are 

{ 
the same , 

/ , 

I separat~/ I 

280 



------------------------ ---------------

• 

19. Names of the authorities which formulates policies concerning 
wastewaters are : 

a) en national basis 

b) en regional basis 

c) en city basis 
• ~.1 "/ i •. " •. ~, ... 

'/' 1/0"( I \. I" I .:.r, /. J ___ 11. 1'/'· 
I 

d) Others : 

The relationship of a, b, c and d above is 

National Bearue of 
env. protection • 

Bearue ot Elny. Pro. Ci ty based 
e.g. Taipei, Kaohsiung. 

20. P-rr: the authod ties mentioned in (19) ::esp:ms::ole for setting 
effl uEnt standards? 

[Ye-v or ~ 

If no, what authorities? ________________________________ 0 ______ _ 

By National Bearue only 

21. The division of region (see 19.b above) is based on : 

a) the existing administrative boundaries. 

~ or 

b) another set of boundaries divided according to the water 
courses. 

I Yes I or tJ§J 

under consideration, during planning stage • 
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22. N<:lfl\E-S of thc authorities responsible for enforcing the legislation 
and controlling the industrial discharges are: 

a) On national basis 

h) On regional basis : 

c) On city basis 

d) Others: 

The relationship of a, b, c and d is 

Municipal wastewa ter : same as 19 

Industrial district wastewater industrial district Management Centre 
..:- I. ~ ~ .... j) t 
...!- 1, li"" I~ tIt; \: J~7 

23. Names of the authorities responsible for the planning, design and 
construction of wastewater facilities are : 

a) On national basist I r / r;;; -:: r \) " -i,. l f 
·11 'Lt '" r • ~., I / ~' • 

b) On regional basis i} Ai :~ -;.//r .. ----:..1 J ',Jp r,j 

c) On city basis : ~15, -('i ~ 6f '" ;.. , A1. {:/ 
d) Others: __________________________________________ __ 

The relationship of a, b, c and d is 

-----------

24. Names of authorities responsible for the operation and maintenance 
of the sewer and treatment plants are : 

a) On national basis 

b) On regional basis 

c) On city basis 

d) Others: 

The relationship of a, b, c and d is 

same as 23. 
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• 

25. The autho~ities ~esponsible fo~ monito~ing wast~te~ discharges 
are same as the ones mentioned in (24). 

or 

If no, what authroities? ______________________________________ _ 

26. Briefly describe the methcxls used in rronitoring oastewater 
discharges. (e.g. the number of times in a rrontj taking 
wast2wate~ samples f~om a.facto~y, etc.) 

Taking samples from the factory several times i= a month by each sewerage 

treatment plant or pollution control division. 

27. lbw many legislations currently a~e the~e eonce:-..ing wi th wate~ 
polution oont~ol? 

1 • / -J'/,~-l -/ .. ( £' .CJ ~~ t/~; .~ -; 1 (Date : 197-/ 7/11 

2. -J- ; ~ iJ. ~l~) -', -t 
1-1-) I 

(,~ ,/~d) (Date : 198;/ 5/ 27 

3. ,- :I ~ ; i, : f 
/ " (Date : 19Bi./ 1985 

4. (Date : 

The app~oximate time of enfo~cement afte~ the publication of 
leg islation : 

I 1 yea~ I [2 yea~ I 3 yea~ I 

I othe~s I immediate 
(please specify) 

;' J'/J 5, ? ;/11 I} ;:. blLII):?) /1<<-; t 
standard : Entering public sewers 

BOD5 Dot exceeding 600 mg/l 

5.8. tI 11 11 600 mg/l 
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28. Henle thE! tdlowing [X>ints in general been provided for in thE: 
le<Jislations for industrial wastewater discharges? 

al Staged implementation (geographically) 

1..» 

Cl 

d) 

fYeSj or ~/ 
Different effluent standards 

I 
for different zones. 

\ Yes V or tJ§J 
I 

Standards expressed quantitatively I Yet t or 

Are there existing discharge exemptions I Yes I 

29. Expenditure spent in (i) sewerage and (ii) treatment plants' 

National City Kaohsiung 

Before 1980 $ 

1981 $ 

1982 $ 

1983 $ 

1984 $ 

1985 to NT $ 305 QC 'm 
ultimate 

3640 m 

$ 

• 

30. please outline some difficulties faced in the implementation of 
these schemes, technically or managerially. 

1. financial problem 

2. land available 11 

3. technical problem, 

4. tradi tional idea 11 
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APPENDIX C.l.4 --- HONG KONG 

( A) Sewerage 

1. rutal p:>pulation nearl:z: h million 

a) % in urban areas 90 } 'lbtal 100% 
b) % in rural areas 10 

2. Percentage of population served by public sewers 

3. 

4. 

a) % in urban areas 98 
----~-------------

b) % in rural areas __ 1_6 ________ _ 

c) % overall of (a) (b) 9 _0 _______ _ 

'Ille sewerage systens used in (2) above are :r.ainly 

a) Canbined sewers : I Yes I or [§J 
b) separate sewers I Yes I or ~ 
c) both combined & separate sewers : I Y~) or ffiD 

If the answer is (c), please give details: __________ _ 

Urban area have seperate sewerage system 

H3ffies of 3 la>:gest cities : .------a) 

b) 

cl 

( p:>pula9On.-----____ _ 

:> ~tion ______ _ 
----~. 

---------- (population ______ _ 
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5. 

6. 

7. 

• 

'Ibtal length of sewers 

al in City is km 

bl in City is km 

cl in City is km 

d) OVerall total length of sewers in the whole country is 
km. 

al Largest diameter of sewers used 

2100 nmllS (City 

nmllS (City 

nm lIS (City 

b) Smalles diameter of sewers use 

300 nms6 (City 

nmS!S (City 

nrn s6 (City 

cl Average depth 

m ('"it .. ~ .. y -.-4- .• . 
- __ . ___ 1 

m (City 

m (City ________ 1, 

dl Materials of pipes mainly used in the country 

I concretetV 

(please specify) 

.", 

Average cos t of sewers ilK S -!6~0.lJ0.lJ0.L..__ per pr!. ( for 2100 mm ~ \ ) 

[Ii1efUdT§] 

[e"xcTu~ 
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(8) Treatment plants 

8. How many wastewater treatment plants al~ther, whether large or 
small, industrial or municipal, are there in the country? 

a) 31 ( p.ililic) 

b) 
rn-factories, etc. 

(private) e.g. in-house plants 

9. Whether or not a name list of the plants in (B) can be provided. 

10. Quantities of wastewater produced per day : 

a) Industrial estates 1 550 .000- 1000 ,(100m3 /Ha/day (average) 

b) Municipal: 210-450 l/capita/day (average) 

11 • How is the charge collected fran the users : 

a) through "sanitation fee'? i Yes I or 

b) through water consumption fee? I Yes I 
If yes, 
treatment. 

% of water fee is for wastewater 

c) through general tax revenue? 

d) through property tax? I Yes I or ~ 

e) through other means? 

12. Average charge $ ____ 7"~r m3. 

13. The charges recovers 

rage s stems onl 

treatment plants onlvl Not applicable 
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14. Ilftethel? 01: not-aquitable?[Yes] . or. u~ 

15. Names of 3 larges wastewater treatment plants : 

a) Shek Wu Hui (location : _...;S:.,:h::,.e:..u::.:nc::.!g:......::S:.:h:.:u::i=-____ _ 

i) treating t 
I lnaustnaI I 

1 I municipal wastewaters 

I toth,V 
V 

ii) method of treatment: secondary treatment 

iii) size £2~9~3~0~O~0=-___ population equivalent. 

b) Shatin STP ( location : Shatjr 

{ 
I industifan 

} i) treating I numicipan wastewaters 

I tothiY 

ii) method of treatment secondar;r treatm!!Dt 

Hi) size __ ~37~6~8~0:..0=--___ population equivalent. 

c) _....JT .... a .... 1--"P"'OL-. .. SuT;z:p'--_ (loca t ion : 'riil1 Pe 

{ 
rTriCfustna! I 

) i) treating I municipal I wastewaters 

1tX>f)J V 
V 

H) method of treatment secondary treatment 

iii) size 140,000 population equivalent. ---
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16. Futuce development in tceatment plants : 

a) Centcalization oc decentcalization : 

i) One plant foe a few neacby towns/clcies? 

oc 

ii) Each town/city has several plants? 

I Yes I or 

b) Si"ze : 

i) tends to be larger? IYeO or ffiD 
ii) tends to be smaller? I Yes I or ~V 

iii) Nb change? \Yesl or ~ 

17. Is thece or will thece be any provision for ~ffluent reuse? 

~i or []£] 

If yes, in what way? being considered:w:rking party set up , 
recently (earl; 1984 ). No specific pro~osal yet. 

(C) Legislation and Management 

18. The authocties dealing with fresh watec and ~astewater are 

{ the same I 

separate, 
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22. Numes of the authorities responsible for enforcing the legislation 
and controlling the industrial discharges are : 

a) on nationa'l basis 

b) on regional basis ,--~ 
;:::::::::'" 

c) 

L---1:1tners : 

The relationship of a, b, c and d is : 

Liquid & solid wastes of Engineering Development »e12 t . (re, EPP) 

23. Numes of the authorities responsible for the planning, design and 
construction of wastewater facilities are : 

a) on national basis 

b) On regional basis 
.----'-;;= 

c) on city basis-: 
:.---

~ : ------'--------------------------------------------
The relationship of a, b, c and d is 

CiO of EDD 

24. Names of authorities responsible for the operation and maintenance 
of the sewer and treatment plants are : 

a) On national basis --------= 
b) on regional basis -----

c) On city bci§i6":'" 
-" 

cU-----Qthers : 

The relationship of a, b, c and d is : 

~~~jr1c~& Mechanical-Serv1ces nept. _ 
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25. The authorities responsible for monitoring wastewater discharges 
are same as the ones mentioned in (24). 

[Yen or rEd 
If no, what authroities? ___________________ _ 

POllution Control Dept. of Liquid & Solin Waste Diyisi0n, 

EDO 

26. Briefly describe the methods used in monitoring wastewater 
discharges. (e.g. the number of times in a month taking 
wastcwater samples from'a factory, etc.) 

fortnightly to once a year 

27. lbw many legislations currently are there concerning with water 
polution control? 

1. Engin~~r111g t!1lll: 1l1SHlDlllll t Oep!;.. (Date IIj.-t- ord: ..... "''''C,...I. 

2. Agri cuI t ur!: !!!fi§b!lrlllll IlIUl t • (Date ~wt "'" (>.< I.) 

3. Marine O~pt. (Date 
Q\A '~+-to'"\f 

4. W .. r<r Poll .. !;,. c..~tl-.I 0,4;,,0« (E r A) (Date ,,,go 
The approximate time of enforcement after the publication of 
legislation : 

I 1 year I I 2 year I 3 year I 

I others] 4 year 
(please specify) 
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28. HdV~ the fo[owing points in general been provided for in the 
legislations for industrial wastewater discharges? • 

d) Staged implementation (geographically) 

~ or ~ 
b) Different effluent standards for different zones. 

c) 

, 

~or ~ / 

Standards expressed quantitatively I Yes I or @ 
Are there existing discharge exemptions ~ or @ d) 

29. Expenditure spent in (i) sewerage and (ii) treatment plants' : 

National 

Before 1980 .;; 

1981 $ 

1982 $ 

1983 $ 

1984 $ 

1985 to -- 1995$ 2,000 m (1983 money) 
ultimate 

$ 

30. Please outline some difficulties faced in the implementation of 
these schemes, technically or managerially. 

too early to say 

1. space limited 

2. dis~harge to storm drain. 
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A??ENUlX Co2.l --- flALAYSlA 

!lame of Wastewater Plant I •••• f.,~ . .:.I:o:.'3 .... ~.~1. ......................... . 
Lc>cation I .f.~~!\·'1." .. t::.·.~.~.!':1I-.1~'d--.'';'" Precinct (5:'e /C1"r Y ) 

Detail address I ........................................................ . 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .... T e 1 • .. ................................... .. 

f h bl /'vIr. k As.,'·r.- ..... ,cL,""/"'lr A/, ..... .( Tk",,; Na:me 0 t e person responsi er .................................................................. ; .......... .. 

Da~e of filling this form I .... ll~ .................................... . 

1. 

2. Treatment methods used in this plant I 

)Plii S'(,u,,:':'! a re m nary treatment I .......................... J" .............................. ................... .. 
....•....•.•.•....•......•..... (e.g. screenIng, grit removal ete) 

b) Primary treatment I .} .. ~t;.;~dj;/li ..... f~7-f .. t ... tJ~h,::.".i ...... r~ . .{ 
... ~ ................ J .................. (e.g. sedimentation ete) 

c) Secondary treatment t .................................................................................... .. 

I 

(e.g. trickling filter, oxidation ditch, ect) 

d) Tertiary treatment I •••••••••••• ~ ••••••••••••••••••••••••••• 

. . . . . . . . . . . . . . . . . . . . . . . . . , ..................................... . 
(e.g. sand filtration. microstrainer. grass plots etc) 

3. Sludge treatment method(s) I 
iLi . ...................................... . 

•••••••••••••••••• (e.g. aerobic/anaerobic digestion, thickening etc) 

4. 
/'(.~ -.( 

Sludge dewatering method(s) I ..... ~ ................................. .. 

• •••••••••••••••••• (e.g. drying beds, filter press. centrifuge. etc) 

5. Existing total area of the plant I 
4-• • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• Ha 

6. Wastewaters from what industries 7 

mainly I 

othera I ........................................................ 
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(1.-' ft 2 7St' v-,,-v , , Construction cost (excluding land cost) 

in 19.~~.) 
I $ ......................... 

(based on the value of money 

a. Civil works I 

~ road works ••.•••.••••.•• 7. 

t c· I( 
f9\1gd 11 t ieftBR8iFl88Pb'8 works ... .7.7 ....... 7-

buildings (excluding staff quarters) •••• 4 ... 7. 

staff quarters •••••••••• 7. 
,.i,..ut H ..... ..ftl,. Mlh I 

dtkp8 ............ '? .... '%. 

b. Equipment 4-. . . . . . . . . . . . . .. t 

Sub­

total 

Capacity of the plant based on the capital cost in (7) above I 

,f "",0 
.) ••••••••••••• • 1 •••••••••••• •••• population equivalent 

and 

d) ••••••••••••• ~~ !'.~ ............ m3 /day (average) 

in which 

.1~ ... 7. 

..•••••••••....•.•.••..• '" is industrial wBste"aterJ 

1(>(> 7. i i 1 Totsl lOO," •.•••••••.•...•••.•...• is mun c pa wBstewBter 

total 

1007. 

Ultimate capacity of the plant I ••••••••••••••••••••••• population equivalent 

in Year 19 •••••• i.e ••••••••••••••••• m3/day (average). 

Not- r-t b .. ",,,,- ~_t ~t;M<l.rt 0'r"':~ ~"II t..... 14'-r" I-J 

Estimated ultimate total construction cost. including capital cost in (7) 

$ ••••.••••••••••• I ••• (based on value of money in 19 ..... ) 

Ultimate Total area •.....•..•••....••..••.... Ha 

Cost that the users of the treatment facil'1ties have to pay I ""'''"''(7 
~~ .. ;;~_per m\(~ve~e) H'''''IL. rt\(J...} /rn/~ ~ 

a. The total income can cover I 

b. 

(t) 

(u) 

(Ut) 

(tv) 

L� ______ ~I- operation/maintenance cost of the plant 

~~ construction cost of the plant 

both operation/maintenance and construction costs 

L-____ ~I- the total incomes is even more than what is 

required in (iii) 

If the answer of (a) above is (iv). whether 

cost of sewers construction 7 lincludingl 

or not it includes 

lexcludinW or 



11. Operation and maintenance costs (based on 19 •..•• value of money) I 

12. 

Chemical $ · ................ per month 
Energy $ · ................ per month 

Personnel I $ · ................ per month 

(including staff, chemist & labourers etc.) 

Repair & unkeeping $ •••.....•.•..•• 

Others I ( • • • • • • • •• $ ............... 
. . . . . . . . . . . . . . . . . . . ) 
please specify 

per month 

per month 

Total 

......... 
,'1 ,,~~ ,"", h h_ 

~ ~ltM.V4. 

Number of persons associated with the operation on the plant I 

Number of executive staff I l.I~,;J .. 1 !'~~~'-I . ~': . ~ 
I \. ri.,.".'.' .s.l."." .. '.'''.'l ••• ".Lv. rl ,h Number of staff in laboratory , 

Number of technical/operational I •• ~ •• \.I.:.!.:'::i~.~ 
Number of 

(e.g. 

Number of 

supporting staff ~ I ••••••••••• " ••••• 

general clerk, aceo n,~l.,~1,~~ts~tL~~P,1>.,\, ete) 
labourers ,: •.•.• , •.••. ,.' .•••• 

Others I ( •••••••••••••••••••• ) I •••••••••••••••••• 

please specify 

Total 
= 

13. Average degree of pollution of incoming wastevaters I 

BOOS SI •••••••••••••• I.O.~ •.••••...••• mg/l 

14. 

5.5. la •••••••••••••• 3.7: ............ mg/l 

COD 

pH 

Major 

- th · ........................... . 
• 1,0 · ............ . l' ............ . 

chemicals I •••• • I}/b.;: t'! ...... . 

mg/l 

d ,] 
( ................. . ppm) 

..... q!g.;.l'! .... ~ .. ( .... ... ~:: J ....... ppm) 

.................... ( ..••••.••• '" ••••• ppm) 

Average degree of pollution of wastewater aft4er primary treatment 

but before secondary treatment. ( ,'{. !i.tj,A,,- tt...... Irt q 

BOD5 a .............. '.1 .............. . mg/l 

5.5. - .................. J .................... mg/l 

COD 

pH 

Major 

- l l..C · ....................................... .. 
III •••••••••••• 1·.~ ..... .0 •••••••• 

NHJ - tJ chemicals I ...................... .. 

. .. fJ.'r .-.. "1 ............ . 

............................. 
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15. Average effluent atandard after secondary tr.atment but 

tertiary treatment I 

BOOS - •••••••••••••• <:t . . . . . . . . . . .. mg/l 

S.S. a ••••••••••••••• 1: ••••••••••••• mg/l 

COD - ••••••••••••• .[-:' • • • • • • • • • • • •• mg / 1 

pH - •••••••••.•.•• 1:J. .......... . 
Major chemicals I N 11 - IV · ........ . .I . ....... . 

I: li 
( •••••••• :: .•••...• ppm) 

( c·j ) • • • . • • • . . . . . • • . . •• ppm 
0,,, • I 

··········l·:.ry····· 
· .................. . ( • • • • • • • • . . . • . • . • •• ppm) 

before 

16. Average effluent standard when it is discharged out of the plant I 

BOOS 

5.5. 

COD 

pH 

- ............. ~~ ............ . 
. ........................... . 

- ............ . h ............. . 
............................. 

mg/l 

mg/l 

mg/l 

Major chemicals I ••••• .I.v.l-!i .-.t} ...... . f' " ( •••••••• : ..••••• " ppm) 

...... p.r* .-.t! ...... . 0,j' 
( ••••••.• : ..••••••• ppm) 

· .................. . (. ................. ppm) 

17. Distribution of the total plant cost I 

a. Preliminary and primary treatment I ••••• '.' •• l. of total cost 

b. Secondary treatment I ......... ~ of total cOlta 

c. Tertiary treatment I ••••••••• ~ of total COlts 

Note I total cost is the cost shown in Item 7. 

18. Average volume of the sludge produced per day I 

untreated I ...... :11;)... ....... m3/day,·treated ................ m3/day 

Average percentage of water content of sludge ......... l moisture 

(treated) 

l moisture 

(~ntreated) 

How is the trested sludge disposed 7 

· ...•....••. . N:-'!: ... c. Ft t;u-.~o ...................................... . 
· ................................................................... . 
· .................................................................... . 
· ................................................................... . 
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19. Whether or not the gas produced 

u~the plant ? 

in sludge treatment is used to 
produce energy for 

! Yes! or 

I f yes. 
a. 

b. 

The percentage of the total energy required In the plant from the 
source, x· ........ 1 

Whether the 

!Yesl or 

energy cost quoted in (11) expresses this (100 - x)X ? 

INol 
I f no. how the gas is used or disposed ? •••••••••••••••••••••••• 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

20. Equipments used in the plant [see Question 7(b») I 

(s) 

(b) 

................ X is imported (in terms of value) 

.. /.9.0 .. 7. is locally manufactured (1n term. of value) 

21. Is there or will there be any provision for effluent reuse? 

22. 

or 

If yes. in what way ? .. .......................................................................................... .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

If no, how is the effluent discharged ? 

with 

submarine outfs11. length of outfa11 

To I river .. .. .. .. .. .. .. .. .. .... km 

................................................................................................ 

(please specify) 

Briefly discribe the methods used in monitoring wastewater 
discharging ££ this plant. (e.g. the number of times in a month 

taking wastewater samples from a factory, etc.) 

................................................................................................................. 

............ . 1~~ ... ~.~ ..... 0..; ...................................... . 

. . . . . . . . . . . . . . . . . . . . , ............................................... . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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23. In your opinion, do you think that this plant is running 

24. 

successfully? 

Very 

Success fu 1 

Fairly 

Success fu 1 

Not 

Successful 

What difficulties do you find in operatin~i treatment plant? 

Financial problem I ! Yes! or ~/ 
Economical problem I !Yes! or ~ 

Social-cultural problem I !Yes! or ~ 
Operational/technical problem I !Yes! or ~ 

~ 
rn2Y 

Environmental problem I or 

Legislational problem • or 

Adminiatrational/organisationa~,!blem. IYesl or 

Other problem. !Yes! or I.EQf •....•.•.•••.•..•..•••.••.•• 
(please briefly describe) 

................................................................. 

25. Please elaborate on the problems found in (24) above I 

· ................................................................... . 
· ................................................................... . 
· ................................................................... . 
· ................................................................... . 

(Thank you very much for' your cooperation) 

By the way, could you please supply me with a flow diagram of the 

plant and an introductory brochure/pamphlet of it, if any. 
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APPENDIX C.2.2 --- THAILAND 

Name of Wastevater Plant, •.• ~?:'.rs .. P:-~r .. ~o.~f ....................... . 
i .s 0 ..... It. f' '" tt .. :to<\. ( P tt ) Locat on , ....... :t\ ..... "" ................. Precinct I" ~r 

Detsil address, •• f.~~O). . .r .... !":. ~~L. R~"l<!. ,. ,(o.~r:t:. r~!t'l}'!-,. .. :1:~;.If'1r.-!-.o .•. 
••••••.••••••••••••••••••••.••..•.•..••••..•••• Tel (o~8J.'t~'J.1f ......... . 
Name of tl:e person responsible , • );~~f.n.~ .. ;;:r.;.c.~( ..... ................ . 
Date of filling this form, .• ~'II. J1f.7 ................................... . 

--------------------------------------------------------------------------

1. Name of the Consulting Engineer designing this plant' .....•.•...... 

'" f.~~I:~ .. . v-J~.~~~ .. :tl...,...~~-:: I .. f~tt~it.l .. T~f;!'".'~.-\- ................ . 
Address , •• ~1"""")Io' .l~q' •• ~')' .~~.tt~iJ!'-... . 14;.I!'.ni'\; ............. . 
....•••••.•••.••••.•..•....•.•..........•• Tel •. (~~?).~.:~.I?~ .. . 

2. Treatment methods used in this plant • 

a) Preliminary treatment '~1N\. r ••••••••••••••••••••••••••••••••••••••••• 

•••••·••••••••• •••••••••.••.•.• (e.g. screening, grit removal etc) 

b) Primary treatment, •••• 1'10.. .................................... . 
.....•...... ......... ............... .... (e.g. sedimentation etc) 

c) Secondary treatment: •• ~~fil(-:-rt;~. f.l~f. .. L~.te.,\~ .. ~I;>P:--.J.. 
................... (e.g. trickling filter, oxidation ditch, ect) 

d) Tertiary treatment t ••• • ~~'!'r!-:~I;-·!"7 ....•••••....•..•...•..•...•.. 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0 •••••• 0 •• 0 ••••• 0 

(e.g. ssnd filtration, microstrainer, grass plots etc) 

3. Sludge treatment method(s) , ••• ~!~~~. A':"r1"~"'" ............ . 
•••.• ••••.•••••••• (e.g. aerobic/anaerobic digestion, thickening etc) 

4. Sludge dewatering method(s) •••. ~[":~.A7~·1 .. k-~ ................ . 
'" •••••••••••••••• (e.g. drying beds, filter press, centrifuge, etc) 

5. Existing total area of the plant , 0·2-
• 0 • 0 ••• 0 0 • 0 ••••• 0 • 0 •••• 0 ••••• " Ha 

6. Wastewaters from what industries 1 

mainly I 

others , 

... ~.~": :.0 ro+' .. ~~ ..... 0 ••••• 0 ••••••• 0 ••••••• 0 ••••••• 

o •••• 0 •••• 0 •• 0 •••••••••••• 0 •••••••••• 0 ••••••• 0 •••••••••• 
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Construction cost (excluding land cost) , ,i .. f .. Z..·.1. :-::/.1,:.:-:' ........ . 
(based on the value of money in 19'&?) 

a. Civil works , 

road works •...•.•••••••• I 

foundation engineering works •••••••••.••• t 

buildings (excluding staff quarters) •••..•.• I 

staff quarter •••••••••.• I 

others .................. 7. 

b. Equipment ............... '7. 

Sub-

total ••.••• I 

Capacity of the plant based on the capital cost in (7) above , 

a) ••..•.•••••.. ?i9.<n' ........... popUlation equlvale:1t 
and 

d) ............ • l/.~Q9 ............ m3 /day (average) 

in which 

......... 'I'~ 0·········· .. IllS Ind
1
us

i
tri

l
BI "'B8tewBt.~J Total 1007-

....................... I • • mun C pa wastewBter 

total 

1001 

Sooo Ultimate capacity of the plant, •••••••• J •••••••••••••• population equivalent 

in Year 19 ...... Le ........ .If'o.~!, ... m3 /day (average) • 

.s /1.1>\.(. Q.J U). 
Estimated ulti~al construction cost. including 

$ .... ~ .....•. (based on value of money in 19 
capital cost in (7) I 

..... ) 

Ultimate Total area I .~ ••••••• ~ .•••••.•••• .• Ha 

O. Cost that the users of the treatment facil(tles have tc pay I 

$ ••••••• ~ .• •• per m3 (average) 

a. 

b. 

The total income can cover I 

(1) 

(11 ) 

(111) 

Civ) 

~==~I- operation/mai ~cost of the ,lant 

1- construc n cost of the plant 
:==~ 
~====~I- bot peration/maintenance and 

L-___ --l~ e total incomes is even 

~ required in (iii) 

If the answer of (a) above is (iv), whether or 

cost of sewer. construction 7 [including! or 
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11. Operation and maintenance costs (based on 19 .~~ •. value of money) I 

12. 

Chemicsl $ · ................ per month 
Energy $ · ... f;. } .0./. ~ ~ ? ... per month 

Personnel I $ · ................ per month 

(including staff, chemist & labourers etc.) 

Repair & unkeeping $ •••••••••.••••• per month 

Others I (. .••••• " $ ............... per month 

. . . . . . . . . . . . . . . . . . . ) 
please specify 

Total 

Number oC peraono 88Rociated with the operatfon on the plant I 

Number of executive staff I I · ................. 
Number of staff in laboratory 7i~h.'!'~0: .~~. :~-.. ::: 
Number of technical/operational I · ........ ? ....... 
Number of supporting staff · ................ . 

(e.g. general clerk, accounts clerks, typist e::) 

Number of labourers ......... ~ ....... . 

o t he r s I ( •••••••••••••••••••• ) I · ................ . 
please specify 

rl~ b •• l 0- {3""d",L. 

_ Totalb - ........ . 
Ail slA.c.t ./:(1, 

tt" ".1.0./ 1 T r " 

13. Average degree of pollution of incoming wa~tewater •• 

BOOS 

5.5. 

COD 

I'll 

= ............................ '/1'&/1 
/' 

= ••••••••••••••••••.••••••• ,,-•• mg/l 
1 kt rl" .. ~ '-J 

· ........................... . mg/l er"~'1 
= ••••••••••••••••• 1'0 •••••••••• 

/ 

Major chemicals I · .. , ............... . 
· ................. . ", 

( ................. . 
( ................. . 

ppm) 

ppm) 
/' · .................. . (. ............... " ppm) 

14. Average degree of pollution of wastewater aft4.r primary treatment 

but before secondary treatment. 

BOOS = • •••..•••••••••••••••.•••.•.• mg/1·" 
.' s. s. ~ .................... ......... _ "mg/l 

COD = .............................. mg/l 

1'1\ 

Major 

= · ................ .. / .. , ....... . 
chemicals I ••••••• ~ ••••••••••• 

./ 
./ 

/~: : : : : : : : : : : : : : : : : 
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15. Average effluent etandard after eecOndary~tment but before 

tertiary treatment I /,/ 

BOOS a ••••••••••••••••••••••••••••• tftg/l 
-' 

S. S. 

COD 

pH 

Major 

- / . ...................... 7' .. 
- ................. 7~ ..... . 

:h:~:::~: . : . : ;;<: : : : : : : : : : : : . 
/ .................. . 

mgll 

mg/l 

( ................. . 
( ................. . 

ppm) 

ppm) 

( • • • • • . • • . • . • • • • • •• ppm) 

16. Average effluent etandard when it i. diecharge out of the plant I 

17. 

BOOS = ••••••••••••••••••••••••••••• mgl 

S.S. - .••••••••....•..•..•• .•• •••• gll 

COD D ............................. mg/l 

pll • • • • • • • • • . • • • • . • • .• . ...••••• 

Major chemicals , ....• . ............ . 

DiBtribution of the total plant cost I 

a. Preliminary and primary treatment 

b. Secondary treatment I ......... t 

c. Tertiary treatment I . ........ t 

I 

( . • • • • • • . . • • • • • • • •• ppm) 

( ..........•.•.•... ppm) 

( . • . . . • . . . . . • • • • • •. ppm) 

hO'"" 1'-1It- IX V" ; I .. J.0. 
• • • • • • • •• 'L 0 f total cost 

of total costs 

of total coete 

Note 1 total coat ie the coet ehown in Item 7. 

l~ rl ..... t ,"1 

18. Average volume of the eludge produced per day I // ....er ~ .. j..1 
. 3 .. / 3 

untreated I ••••••••••••••••• m Iday; treated·· •..••••••••..•.• m Id ay 
,/ 

Average percentage of water content of eluifge 
./ 

How ie the treated sludge diepoeed 7 

(treated) 

(untreated) 

'7. moisture 

t moisture 

· ................................................................... . 
· ................................................................... . 
· ................................................................... . 
· ................................................................... . 
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19. Whether or not the gas produced in sludge treatment is used to 

20. 

21. 

22. 

produce energy for use in the plant ? 

or & 
If yes, 

a. The percentage of the total energy required in the plsnt from the 

b. 

source, x - ........ X 

Whether the 

IYesl or 

energy 

~ 
cost quoted in (11) expresse3 this (100 - x)~ ? 

If no, how the gas is used or disposed? •.•.••••••••.••••••••••• 

. . . . . . ~I ~~ .. ·~r.r·l·~· . h .. ~ .. r~~· '!; .. af':"· ." ......... . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Equipments used in the plant [see Question 7(b) J I 

(a) ........ ~ i8 imported (in terms of value) 

(b) loo ~ 18 locally manufactured (in terms of value) ........ 

Is there or will there be any provision for effluent reuse ? 

or 

If yes, in what way 1 .................•................. 0 ••••••••••• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

If no, how Is the effluent discharged 1 

with 

sub~8rlne outfall, length of outfall 

To I --t-i!r}i~V~e~rfl, 
To 

• • • . • • • • • •• km 

L~d .. " 

................................................ 

Briefly discribe the 

discharging ££ this plant. 

(please specify) 

methods used in monitoring wastewater 

(e.g. the number of times in a month 

taking wastewater samples from a factory, etc.) 

· ................................................................... . 
· .............. ~ ... ~''''''~' ....................................... . 
• •••••••••••••••••• I ••••••••••••••••••••••••••••••••••••••••••••••••• 

· ................................................................... . 
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23. In your opinion. do you think that th!s plant ia running 

24. 

success fu 11y 7 

Very 

Successful 

Fairly 

Success fu I 

Not V 
Successful 

What difficulties do you 

Financial problem 

Economical problem I 

find in 

~ 
~ 

operating the treatment plant? 

or 

or 

Social-cultural problem I or 

Ig' or 

~ or 

Operational/technical problem I 

Environmental problem I IYeal 

LegiBlstional problem I IYesl or ~ 
Adminhtrational/organiBat1onal problem I I~ or INol 

Other problem I IYesl or I Nol .......................... .. 

(pleBse briefly describe) 

................................................................. 

25. Please elaborate on the problems found in (24) above I 

.... O~Nr. .I'r.-i. ~":--.tt:'-f-.~.'-!-.. f"r.,,:-:. ~. :,~(i. .H! :'1.,. At-f':~.· ..... . 

... rh. A~. ~Y:. k ·r· .. · ... ~ .. ~ .. <; ~!'T'''"'fI.. .. ':'Hn; ............... . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(Thank you very much for your cooperation) 

By the way, could you please supply me with a flow diagram of the 

plant and an introductory brochure/pamphlet of it. if any. 
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APPENlllX C.2.) --- TAlWAN 

NaJ:>e of Wastewater Plant I •••• !':!~~ ... ~.k.'.":' ... ~.!/ .... (~.~.~.~.t~~/lftl) 
1.0 t i M j" b I. .... Co.,," ..... .- 1» Pit ( T" ) c a on t •••••••••••••••••••• : ••••••• ~ • • • • • rec ne t\ , r € , 

Detail add ress I .! ~ ~j .. t1;o: .-.. (,.I".~ ~ ': .. L ... ~ ~!'~ . ' ... :f': , ........ ~!! 1"( fS'"J" .. 
.. . 1~~. }.i.~ .. ".1 .. Kt!!~!~ .. /?.il{~~ ................ Tel I • J:c'.l,) . . 7.C'.rf:>;,:/.L 

./ F S· c' . 1 Q ) VI' . ••.• }' 11 I U( Name of the person responsible I f. L .......... "'1 ... ( • :1 .. '\ .............. . 
Date of filling this form I .... qJ:?: .................................. .. 

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

1. Name of the Consulting Engineer designing this plant I •••••••••••••• 

,Sf.JeJr~~ c,:,,,-)"',.u ... ~ J)0f'" ~.,,~1. r<l~/:< ~/, ,'i., R .... re.,", T",(",,-....... ~- .... ·V.·· 0_0' .,y ....... ~ .... ')~ .,.: ...... :,," ....... ....... oJ. ••••• 
t. Cl.I' 1 101;, :r. J 1- ,,.\, l' ./..... 1. n) ,.t . Address 1 •• I'.-l .... ·,.~~I ... ".t!-" •• .......... ~P~~ .................... . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Te 1 • . .................. . 

2. Treatment methods used in this plant I 

) P 1 i i ht: t· ') (' H' [ ~ , (~I J C !.. L.. , d " ... ,,- t a re m nary treatment 1 •••• 1 ............. /, •••••••••••••••••• ,1 •••••••• 

(lV'nh';hlo<.I',-,F ( i it 1 t) • .1--•••••••••••••••••••••••••••• e.g. screen ng, gr remova e c 

b) P i t <" ol it. "., .... /;-T. h'. '- -fr, h k r mary reatment I •••• • -l ••••••• •••••••••••••••••••••••••••••••• 

.....•.......•.......................... (e.g. sedimentation ete) 

c) Secondary treatment I •• ~.c.h~o,I:~t1--;l..~·!'!A:),,;/...r;.~~~ .... t .. ~~{l.I?:n:t.":I;~J,i--
· ................. . (e.g. trickling filter, oxidation ditch, ect) 

d) Tertiary treatment I •• •• ~~{i~ .. _?{'.'"~/~ •• Filw:~!,:-...... o 0.0 •••••• 

• •••••• 0 ••••••••••• 0 ••• 0 •• 0 •••••••• 0 •• 0 ••••• 0 •••••• 0 0 ••••••• 0 ••• 0 

(e.g. sand filtration, microstrainer, grass plots etc) 

3. SI d t t t h d() At,'oL.-< TJ,"lLd"" Tl..-de_;~, M.·, 1... .. ;<,,/ u ge re~ men me t 0 8 I •• 0 ••••• 0 • 0 '7 .. 0 ••• ,.'" ••••••••••• " • 0 •••• 

. . ~.o...:~~~~'1"'" (e.g. aerobic/anaerobic digestion, thickening etc) 

4. Sludge dewatering method (a) I .. , ('.': ~,''f~1':-'' ...................... . 
................... (e.g. drying beds, filter press, centrifuge, etc) 

5. Existing total area of the plant I 0' 71:-• • • • • • • • • • . • • • • • . • • • • • • . . • • • • •• Ha 

6. Wastewatera from what industries 7 

mainly I 

others I 

... 1/1 ~ :-:' ~ifM-. ... 1-/~ (.(t~-;; t:l. :-...•.•......•••........•.•• --••••• 0 •••••••••••••••••••••••••••••••••••••••••••••••••• 



·"f t '!f. .'. :'.' .. ;'.':';',.~' :.f~ . Cliff' ~ ) Construction cost (excluding land cost) 

in 19.~~.) 
I $ 

(based on the value of money ( IV r·. If:, ( t to , et c 1'", f{ ~ c 
0") ;u 1,,,i:1 f"',J </',,;(<. "" f,h 

vff' .... ·t) 
8. Civil works I 

road works ..••••••••••.• 7. 

Sub-foundation engineering works •••.•••.••..• 7. 

buildings (excluding staff quarters) ••••.••• 7. total •.••.• 7. 
staff quarters .••••••.•• t 

others .................. t 

b. Equipment ..•..•..•...•.. t 

Capacity of the plant based on the capital co.- in (7) above • 

a) •.••.•.•.•••..•••••.•..•...•.. population equivalent 

total 

lOOX 

and 

d) f !J- .~- c.' c 3/ ( ............ ,. ................ m day average) 

in which 

Ac, .. ,,<. ,( S("~'L , IJ, ,,-= "'Id. 
f {; c , 2, ~-« 0 ,,, I'd . 

........................ 7. i9 industrial wa9tewaterJ 

(0 L' .. i 1 Total 1007. .•••.•.••••••••••••••.•• ia munlc pa wa9tewater 

Ultimate capacity of the plant I ....................... population equivalent 
in Year 19 .....• i.e •................ mJ/day (average). 

Estimated ultimate total construction cost, including capital cost in (7) I 

$ •••••••••••••••••••• (based on value of money in 19 ..... ) 

Ultimate Total area I ••••••••••••••••••••••••• Ha 

Cost that the users of the treatment facilities have to pay I 

$ ••••• I ••••• •• per m3 (average) 

The tOlal~?C~e can cover I 

(i) - operation/maintenance cost of the plant 

a. 

(ii) 1- construction cost of the plant 

(iii) 1- both operation/maintenance and construction coats 
:==~ ( iv) L-____ -4I- the total incomes is even more than what is 

required in (lil) 

b. If the answer of (a) above is (iv), whether or 

cost of sewers construction? (includlngl or 

includes 



11. Operation and maintenance costs (based on 19 ~~ .• value of money) I 

Chemical 

Energy 
$ ••••••••••••••••• 

$ ............................... 
per month 

per month 

Total J!etS0'Lii~J-"-L$-- ~ ~ <~' (. •• ; 0'''-:Ve \(!l!.onlfh­

(including staff, chemist & labourers etc.) • N T fI,. 8.c(~ ODO 
.............. 1'.. " 

Repair & unkeeping $ .••.....•.••... per month 

ythe.!s_ '---c;': ·_·,·t,....'SOL'. ·"~ .. L .. p~m"Mh·· 
_ .. ;j. .,-::1. ... ~_ . ....) 

f' 'r' '-«(kJ'7 
S·"/AYIL., . 

I!.. 11.: "'.~ lifTS; I OC'<' C'('" 
/ / please specify /h r ;"-"." ~ J. (I 

5'"/oy,<-<t 
12. Number of persons associated with the operation On the plant I 

Number of executive staff I 
I .................................... 

Number of staff in laboratory --I' 
I ................................... 

Number of technical/operational I . . . . . . 1 .. C. : !' .. ~ .>~Ih ) 
Number of supporting staff I ............ .$: .................. . 

(e.g. general clerk, accounts clerks, typist etc) 

Number of labourers ............................. 
Total If.. 
............... 

Others 1( ••••.•••.••••••••••• ) ........................... 
please specify 

13. Average degree of pollution of incoming waatewaters I 

BODS 2-&"'b ............................................... mg/l 
a 

s.s. • .............. ?~ ............. mg/l 

COD - ............................................. mgll 
pH - ............................................... 
Major chemicals I ........................... 

.................................. 
( • • • • • • • • • . . • . • • • •• ppm) 

( .. • . . .. .. .. .. . .. .. .. .. .. .. . •. ppm) 

• ••••••••••••••••••• (00 ••••••••••• 0 •••• ppm) 

14. Average degree of pollution of wastewater aft4er primary treatment 

but before secondary treatment. 

BODS - •••••••••••• ~ ~. ? ........... . 
S.S. 

COD 

pH 

• .......... .. l?t? ........... . 
-••••••••••••••••••••••• 0 ••• 0 • 

a 
••••••••••••••• 0 •• 0 ••••••• 0 •• 

Major chemicals I 
• • 0 • 0 • 0 •••••••• 0 •••• 

• •••• 0 •••••••• 0 ••••• 

• • 0 •••• 0 •••••••••••• 
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mg/l 

mg/l 

mg/l 

( ••• 0 • 0 • • • • • • • • • • •• ppm) 

( ••••••••• 0 •••••••• ppm) 

( •• 0 ••••• 0 •• 0 • • • • •• ppm) 



15. Average effluent standard after secondary treatment but before 

16. 

17. 

18. 

tertiary treatment I 

10 to It (I:6C) ZO/b(c.(IIL) I BOOS ... • • • .. .. .. .. ... .. .... ,.;tI.............. . .. mg 1 

5.5. - .. ,A9 .. (~~,:./'!;~~1 . .'If.I,:,::I,i ... mg/l 

COD ...................................................... mg/l 

pH .... ...................................................... .. 

Major chemicals I ........................................ 
........................................ 
........................................ 

(. .. • • • • • • . . . • • • . •• ppm) 

( .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .... ppm) 

( .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .... ppm) 

Average effluent standard when it is discharged out of the plant • 

BOOS 

5.5. 

COD 

pH 

- .............. , .. .'} ......... mg/1 

- 30 ....................................................... mg/l / l,')"~' j'" c . ".t;,," ,{ ~~/'o.{ 3-

f<.f\C L8/,,,,,,t : S h I r (fOr 
r hiD J'. t 

- ........................................ .. mg/l 

(0"1 fee pHI,~,-r ;, jO'7 ""'tL 
( •••••••••••••••••• ppm) I~I""( J .... .; 

• .. ........................................... . 
Major chemicals • .. ........................ . 

.............................. (. ................. ppm) f'.'h~'~"') 

................................. ( . • • . . • • • • . . • • • • • •. ppm) 

Distribution of the total plant cost I 

a. Preliminary and primary . ........ t of total cost 
h. Secondary treatment I ....... 1. of total costs 

c. 

Note I total./ 

• ••••••••• 1. of total costs 

the cost shown in Item 7. 

Average volume of the sludge produced per day I 

loo 3 If untreated I ••••••••••••••••• m/day,· treated .....•.......... 

? 

Average percentage of water content of sludge ......... 1. moisture 

(treated) 
~ ., ~ ... Z.':.I.. 1. moisture 

(untreated) 

How is the treated sludge disposed 1 

......... . k, .. h<:<.c.l~·f ... ~ .. :'.rI.". ;'.1;>.) .. {r: ~fll.' ................... . 
· ................................................................... . 
· ................................................................... . 
· ................................................................... . 
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19. Whether or not the gas produced in, sludge treatment is used to 

produce energy for use ~J the plant ? 

20. 

21. 

IYeal or ~ 

If yes, 

a. The percentage of the total energy required in the plant from the 

b. 

source. x· ........ t 

Ilhether the 

IYesl or 

energy 

~ 
cost quoted in (11) expresses this (100 - x)X ? 

If no, how the gas is used or disposed? •••••••••••••••••••••••• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Equipments used in the plant [see Question 7(b)] , 
(a) ........ X is imported (in terms of value) 

(b) . . l.o. p .. X is locally manufactured (in terms of value) 

Is there or will there be any prov1s ion for effluent reuse ? 

or 

)l hu •• f ,'\-",., f. (.C ".','-. t""f,·'.r-If yes, in wha,t way,? •••• f;f. ............. ~ ...... :j!?~ ......... ) .. : .. . ", 1 
. . . W!l.tj~:t. (1.t1\to1f.. . i fn1 . . f. {t.~ • . !-.) . ,'.f • • ~~~ ••• ~ :-- •• ~-•• ~~~ ~.' F ••• 

I-ri, .. t-Mk I'" tt ...... cl'''' M:" rell L , "'f" ............... .. ~ ., ................ o •••••••••••••••••••••••••• 

If no, how is the effluent discharged ? 

with 

submarine outfall, length of outfall 

To I ........... 

(please specify) 

22. Briefly discribe the methods used in monitoring wastewater 

discharging ~ this plant. (e.g. the number of times in a month 

taking wastewater samples from a factory, etc.) 

· ..... . ",,/; ~ .. ~~: ~ ~ ',~'~ 't~':~' ": ... "11: .. : ~ ~',: ,'~::1 .. : ~:4 r; ~~,~; ~ ...... . ....... :~"'¥ ..... 'I ••••••• , ••••••••••••••••••••••••••••• ••••••••• 1 ••••• 

· ................................................................... . 
· ................................................................... . 



13. In your opinion, do you think that this plant is running 

success fu lly ? 

l:very \, Fai Not 
Succellsful ':CC Suc essful Succeaaful 

• "' ... t,.( < .,){ <: 

14. What difficulties do you find in operating __ ~h, treatment plant? 

Financial problem IYesl or ~) 

Econ01llical problem I IYesl or ~ / 

Social-cultural problem I IYesl o~ ~ 

Operational/technical problem I I!M 01'. 
Environmental problem I \Yy:;r or ~ 
Legislation.,l problem I or IO!!.Q] 

Adminlstrational/organisational problem I IYesl or INol 

Other problem I IYesl or INol •.••.•..•.•.••••.••••.•••••. 

(please briefly describe) 

................................................................. 

25. Please elaborate on the problems found in (24) above I 

~.r'II-k(.,-· __ -t- 1"""-"'"'./ h-e .. h." .. l: ({u'j"" , jL...t,~ IvIH! 2 •••• oVf" .. 11 ••••••• ~ '0 to .'}' ••••••••• ~ •••••••••••••••••• 0 •••••••••••• 

. " .... 'j';':,w:, .. .f~~.'";'.'~I;~,:: . . l7~ ... L.' ••• :,;~I-:~d ... .'f .. ~. ~ ............. . 
~S<,JI."I-"·-! J".;p-; '<-' Aenl,~' .... l-n~L (h~ A·S.), ...... ,. ~r' '.' ... . ~. ,,~: ... :."l .. : ............. i ......... ~ .. J •• ~ •••••••• 

. . . . . . ~~.'!!~ ~~. ::( .. r'"' .~!"; •• ~j •• • ~.,,!.t/'J . .''!.'!! ~ d .. (~ . ::i-!,!t.; '!-;\ • : :":Jf~ '.-..IL • 

. /rllr.i ..... ..r rll'~'" t.·t ~"""? I... ;(,,1 r1r. .. t , 

(Thank you very much for yo~r cooperation) 

By the way, could you please supply me with a flow diagram of the 

plant and an ictroductory brochure/pamphlet of it, if any. 
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o. 

(based on the value of money in 19.~q.) 

a. Civil work. I 

b. 

road works ..•••••••••••• ~ 

foundation engineering works •••••••••.•.• t 

bUildings (excluding staff quarters) ••.•••.• ~ 

staff quarters •••••••••• ~ 

others .................. 't 

Equipment 4-l . . . • • • • • . . . . • .• 4 

Sub­

total 

Capacity of the plant based on the capital cost in (7) above I 

5"'8 • . . • .. 't 

total 

lOot 

a) .. '~7'; .' .. ' ... ~4.0 •. ~~? ...... . 
and 

population equivalent S ~Q , tZ' :>0 t;, QO 0 f'. e. 

d) .... ~~.!.:.~?.3./.?.o.': ........ m3 /day (average) 

in which 

............... 1-.0. ....•. t is industrial wastewaterJ 

bO 7. i ii 1 Total 1007-••••.•••••.•••.•••.••••• s mun C pa wastewater 

Ultimate capacity of the plant I ••••••••• ~? .0.,. :'.o.~..... population equivalent 

in Year 19 'f.~ .... i.e .... ~.1-r.l.~<;<; .... m3/day (average). 

n Estimated ultimate total construction cosl lding 

$ .................... (0"" •• vol., "1 ~ t." 
capital cost in (7) I 

..... ) 

Ultimate Total area I ••••••••••••••••••• ~ Ha 

I~ 
Cost that the users of the treatment fac: 

V
ave to ay I 

hJ $ ••••••••••••• per m3 (average) --
a. 

b. 

/'-0 
The total income can cover I 

IOf the plant 

llant 

(i) 

(it) 

(itt) 

(h) 

If the 

cost 

1-
1-
1-

operation/maintenan 

construction co 01 
both operat n/main! r and construction costs 

.,. . .,::~) ':::~:. ,:::] .C' .. ~~, '::' '~:::d:: 
1-

sewers construction? line! J or lexcludingl 
I I 
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Construction cost (excluding land cost) .If~$ .~.~~.':'.;!':t:-... ~.S!:if..~.~~ll) 

(based 0 the val of 0 ey in 19 °0 ) "'L~( 2 : Ht<'" 2.h ",;II;.~ ( rQ i4",."L,) n ue m n .'\ • • :>~Q" r 

a. Civil works • 

b. 

road works ......•.••.••. 4 

foundation engineering works ••••••.••.••• l 

buildings (excluding staff quarters) •••••••• l 

staff quarters •••••••••• ~ 

others .................................... ~ 

Equipment 4-l .. .. .. .. .. .. .. .. .. .. .. .. .. .... t 

Sub­

total 

Capacity of the plant based on the capital cost in (7) above • 

5"'8 .. .. .. .. .... 't 

total 

100l 

a) "'~*J',;.r .. , .. g1.0",.~~? ........ population equivalent S~Qrrz' S"O'>,ObO I'.e. 
and 

d) .... ~~.!.;.~~.3..'.?o.': ........ m3/day (average) 

in which 

............... ~q ...... l is industrial wastewaterJ 

b 0 .. i i i 1 Total 1001-••••••••••••••••••••••• " S mun c pa wastewater 

Ultimate capacity 

in Year 191.'1 .... 

of the plant I 
b7 0 000 ......................... ~ .................. .. 

i 27 S- 000 3/d ( ) .. e.. .. ............ "................ m ay average .. 

population equivalent 

Estimated ultimate total construction cost. including capital cost in (7) I 

$ .................... (based on value of money in 19 •..•• ) 

Ultimate Total area I ••••••••••••••••••••••••• Ha 

). Cost that the users of the treatment facilities have to ay I 

$ ............. per m3 (average) 

a. The total income can cover I 

(1) 1- operation/maintenan cost of the plant 
(11 ) 1- construction co of the plant 
(111) 1- both operat n/maintenance and construction costs 

b. 

(iv) 1- the t al incomes is even more than what is 

re ired in (iU) 

If the ans r of (a) above is 

cost sewers construction ? 

(iv). whether or 

lincludingl or 
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It. 

12. 

Operation and maintenance costa (based on 19 8~ .. value of money) I 

Chemical $ ... ~!,.~.~.7 ....... per month 

Energy $ 315" 411 
•••••• I •••••••••• per month 

Personnel I $ 3n 15"1 .... .. / ........... per month 

(including staff, 

Repsir & unkeeping $ 

Others I ( ••••••••• $ 

chemist & labourers etc.) 

.•. ' ~.I,./ . . 2; 1~ .... per month 

............... per month 

. . . . . . . . . . . . . . . . . . . ) 
please specify 

Number of persons associated with the operation on the 

Number of executive staff I 
I I · ................. 

Number of staff in laboratory I S · ................. 
Number of technical/operational I 

(,/ · ................. 
Number of supporting staff I · ........ if ........ 

(e.g. general clerk, accounts clerks, typist etc) 
/1 Number of labourers I •••••••••••••••••• 

Others I ( •••••••••••••••••••• ) I · ................ . 
pleaae spec ify 

Total 
• HK* qlo ~t9 

•••••• • .I. 

f" "'" 0.1{ 

(~t-;Jt I C'lc..;1 o~ll ) 

plant I 

= 
Total q b 

13. Average degree of pollution of incoming wastewatera I 

BODS 1:1 •••••••••••••• 2:.~? ........... mg/l 

s.s. • zzo mg/l ............................. 
COD ••••••••••.•••.••••.•••..••..• mg/l 

pH - •••••••••••••• 1-.' ............ . 
Major chemicals I ••••• t-! tI.!. :-. t;!. • • • • • •• (. •••••• ~ ~. !'.i/-.... ppm) 

... .. q .... 3' .-. N . ....... . ( ..... .. ' .0. ,1/ t .... ppm) 

.... ~+t().~~~ ......... ( ..... If.~.~I.~ ... ppm) 

14. Average degree of pollution of wastewater aft4er primary treatment 

but before secondary treatment. 

BOOS 

s.s. 
COD 

a 

• 

, b 0 .................................... 
.................................................. 
................................................. 

1·0 pH 11 ................. oo ....... oo .......... oo .... oo .. .. 

Major chemicals I ••••• Nift:: .t;! •..•••. 
...... . 9.'1 :-oo .. ~ ......... .. 

Ulori c:U ................................... 
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mg/l 

mg/l 

mg/l 

( ....... . ~~ . .'':d(L ppm) 

( ...... P:.~ . ::,1.1, .. ppm) 

( ...... ?! f ... '1I.L. ppm) 



15. Average effluent standard after secondary treatment but before 

16. 

tertiary treatment I 

BOOS 

5.5. 

COD 

pH 

- 10 · ........................... . 
- ......... '.~ ... P. ... :.: ....... . 

-· ........................... . 
• · ........................... . 

Dlg/l 

mg/l 

Dlg/l 

Major chemicals I ..... "tf!J.-:.t! ........ ( .... !:f .. i(~ .... . 
.... .l?1'-: .If ... ..... ( ... .c~;?. ~~.I.~ ... . 
.•. c;~J9';;.I:<-. ..•••.••• (. ••. ~~.t •. .'·l~ ... . 

ppm) 

ppm) 

ppm) 

Average effluent standard when it is discharged out of the plant I 

BOOS 

5.5. 

COD 

pH 

--
D 

-

'0 to I, · ........................... . 
lr · ........................... . 

· ........................... . 
~.g · ........................... . 

Major chemicals I 
rJH - N ...•.... I •......•... 

.. . . .. ~~:J. .-. . f-} • .•..•. 
ri·Jcy;)' 

•••• • 7' ••••• "}"l: ••••••• 

mg/l 

mg/l 

mg/l 

( ...... ~.~ . .':'3 (.~ .. . 
( ...... ~'.! .. ':~f~ .. . 
( ••.• .1'. ~ .c •• !'11.~ .. . 

ppm) 

ppm) 

ppm) 

17. Distribution of the total plant cost I 

a. Preliminary and primary treatment I ••••••••• 1 of total cost 

b. Secondary treatment I 't of total coats 

c. Tertiary treatment I ••••••••• 't of total COlts 

Note I total coat is the coat shown in Item 7. 

18. Average volume of the sludge produced per day I 

untreated I ~h.~r.:r:~!'.'. ,,~ .. m3/day,. treated ..... ?.o.~ ...... m3 /day 
Ai-r<. :l,.~H.~, 1 b 5 . 

Average perc'entage of w!1ter content of sludge .... ~.o.... 1 moisture 

How is the treated sludge disposed 7 

(treated) 

... j,f,.. 1 moisture 

(untreated) 

· ... P!-.I~~~ ~~ ... ~ .. ~~ ~ ~~ .. "? . . T~. f.~.'1..t."' • •• ~c.~ / .. Tf'J ,.0. .' .. "! ... To- . .... . 
· ................................................................... . 
· ................................................................... . 
· ................................................................... . 
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19. 

20. 

21. 

22. 

Whether or not the gas produced in sludge treatment 

produce energy for use in the plant ? 

~ or ~ 

If yes, 

s. The percentage of the total energy required in the plant 

source, x - .. . ~~ ... 't 

la used to 

from the 

b. Whether the energy cost quoted in (11) expresses this (100 - x)X ? 

9' or ~ 
If no, how the gas is used or disposed? ••.••••••••••••••••••••• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Equipments used in the plant [see Que"tion 7(b») I 

(a) ••• (~?. X is imported (in terms of value) 

(b) X is locally manufactured (in terms of value) 

Is there or will there be any provision for effluent reuse? 

or 

If yes, in what way ? ............................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

If no, how is the effluent discharged ? 

wit 

submarine outfall, length of outfall 

To I river 
. 1 

. • • • • • • • • •• km 

................................................ 
(plesse specify) 

Briefly discribe the methods used in monitoring wastewater 

discharging ~ this plant. (e.g. the number of times in a month 

taking wastewater ssmpt'es from a factory, etc.) 

· ................................................................... . 
.. ....... N~ ... Y'.k.t:r!\. ~t.. f?'('.'.'-!-••• c:-::.t;t!j.· ........................ . 
· ............... -.............. , ..................................... . 
· ................................................................... . 
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23. In your opinion, do you think that tbi. plant ls running 

24. 

successfully? 

Very 

Successful 

Fairly 

Successful 

Not 

Successful 

What difficulties do you 

Financial problem 

Economical problem I 

find in operating the treatment plant? 

\Yes\ or ~ 
\YesJ or i§jI 

or ~ Social-cultural problem I IYesl 

Operational/technical p:"oblem I 

Environmental problem I 

Legislational problem I 

g or 

or 

or 

Administrational/~rg~sational problem I IYesl or 

Other problem I Ye or INoJ ...•.....••.•••••..••••••••• 

{plea •• briefly describe} 

.. Cw.'n-~K·:-.. r,,:tt.< .. lA·lf· <;~\(. ,or~~+:·:,·'· :<. '9"", . fh\-'. :~ n-:J.J' • gM .l:O)d.Vf 

25. Please elaborate on the problems found in (24) above I 

· ................................................................... . 
· ....... . PI"'" ·:-rl ... ~'.f).C;~~ .. ry .. onr ........ I ••••••••••••••••••••••••• 

· ................................................................... . 
· ................................................................... . 

(Thank you very much for your cooperation) 

By the way, could you please supply me with a flow diagram of the 

plant and an introductory brochure/pamphlet of it, if any. 
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API'ENULX C.3.1 --- MALAYSLA 

Interviewing Questionnaire 

N f W t T P 1 f'" "k<,,~ .\ T P ame 0 88 ewater reatment ant I •••••••••••• • ••••••••••••••••••••••• 

· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ...................... . 

° il dd ('"cke""!. \(. L. /vI"J,,-)!"'\.. eta 8 re98 I •••••••• "'[' •••••••• J...... . I)" •••••••••••••••••••••••••• 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• Te 1 I ••••••••••••••• 

N f ibl /-1 •. K. A<'\;';h,'ck(\h. R k r/A~t r-l"Iv'"tt~ ame 0 respons e person • •..••••••••.•..•••••.•• an I ••••••••••• 0" 
• •••••••••••••••••••••••••••• ['"' 1 r.·o !' .~:': ':"~ .. :r.h.."'r.; •••••••.•.••••. <: ~f ~[\ t ..... . 

1. 

2. 

3. 

4. 

5. 

6. 

Name. and. adcjr.eBs of the Consulting Eng~neer designing this plant I 

r~l"""':-\ .~<-'("" J.<./ M.I~1';d 1 .. 1-"" ...... ·1 ~~ .. .,I.t~ ..... s"J~. trod. . ... • a .- ••• " ............ y •••••• Q •• " •••••••••• :'1 ••••• , • 'il • I •••••••••••••• 

1 1 f i fi? !=."{';:!;k/.4c.J Is 1 t 8 oca or a ore gn rm •.•••• ··v· ...................... . 

Treatment methods used in this plsnt 
a. Preliminary treatment I ••• ·~· .. ~t'''':-1················ .......... . 
b. Primary treatment .1············~r············,··,············ 

d 
1 1""""-' \ t""t\~, '~/.h ......... t-rv.I\.S" 1-. .Ai"I.t,.<J 

c. Secon ary treatment ••••• I ••• ; •••• '1' •• ··"'l'········ ..... I ••• 

d. Tertiary treatment t ••••••••••• ••••••••••••••••••••••••••••• 
e. Sludge treatment I ••••••••••••••••••• -~ •••••••••••••••••• 
f. Vol. of dry sludge produced • • .••••..•• ; ;.:: .•.••••.•.•• m3 per day 

1 -
g. S udge disposal , ....................................... . 

Ha 
Ha 

Nature of site I' 1·11 HI·· I 1 F\ovt" 1\""''' --tv:t I I l .2..i-.t le,... \'oIl,""'\. .... 11 11,..,V't> v<.~ , ..... Lt .... ''''"''I-i. .. 
8. Topography I •••••••••••••• • ' ••••• ,:1. ••••.• 'N'····· "f'············· 
b. Proximity to sludge dispoaal facility I ••• f. ..... ,.~. ,~;.'i':r i~ .~~1A 

Strength of Influent log mg/ J 
mg/l 

a. BOOS 
b. S. S. 

•••••••••••••••••• 'p'1.' ••••••••••••• . ................. , .............. . 
c. pH •••••••••••••••••• ~;CJ ••••• •••••••• 

Major chemicals 
rJHr - rJ ~ 4· J ( • • • • • • • • • • • • • • • • • • •• ppm) 

(, ........ ~~·:.1 ...... ppm) 
· ................. . 
· ... P.,.,. -: . tJ ....•..• 

Effluent 
a. BoOS 
b. S.S. 
c. pH 

• .•.•. 1 ..••.••....• · ................. . 
( • • • • • • • • • • • • • • • • • • •• ppm) 
( •••••••••••••••••••• ppm) 

quality 21 
• •••••• I •••••• I •••••••••••••••••• I 

• ••••••••••••••••••••• I ••••••••••• 

· •.••.......•....• J : 1 .......... I •• 

mg!i 
mg/( 

Major chemicals NH ~ - rJ 
• •••• I •••••••• I •••• · .... . c:,.~ I-I t:1 ••••••• 

IZ·'1 ( • • • • • • • • • • • • • • • • • • •• ppm) 
( ••••••••. ~:}l ••••.••• ppm) 

· ................. . · ................. . 
( • • • • • • • • • • • • • • • • • • •• ppm) 
( • • • • • • • • • • • • • • • • • • •• ppm) 

7. How frequent and by what method (grab or composite etc) were the 

samples of (5) & (6) above collected? ··············CI········fL···· 
•.•••••••• \],YA~ .• ~ N"';.k~ • • ttll;L..., •• ~\' ~~ •• ¥. •• ~'H .,< ... 'z1.~ t ~,..;,,: '.''f-•. , 1 •.• 

I '" ~ """r.·J1 . 



8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Capacity of treatment of the plant 1 .. J.t:::" .. pOJ>1}lat ion equivalent 
(present) :YGU ",,'/~, 
•.•.•..•• pop..lation eqUivalent 
(ultimate) 

Name and address ~f the Contractor who constructed this plant 1 •••• 

S(,i Oh. ,OH ~J; t\A. ; tit"" R.lt'l fj;r '11~ I<..L. 1"/,,,.,-, ..\.J<. ... (j •• { •• / •• 7 .... It ... $"fr • .J.( ........ j ... ,.I ..... , ...... ,f' ...... I" 
7,(, ~ 7 ..... ' L L L v ,--) 

Is it a local or a foreign contractor? ••...••••.••••••.•••••••••.. 

Cost of construction 
a. In local currency 

(excluding land cost) 
Civil works 
H & E works fl.' 11 z 7 ~o ,-..-u 

I ••••• ' •••• Il ....... ~ 
1 •• • (~~y.J .s.'':': ·(r~f·.';, fo; 

b. In foreign currency Civil works 1 ......... • 'r. .......... . 
H & E works I ••••.• ~ •••••••••••••• 

What is Jour op'inion on the local/skill for construction? .: ••••••• 
C'~t'" .kit ..... 'J ll'ltll &/' 011"( «~"'-~ rl-J- "11.< :r::. .. d,c .... • i'. ,-,'~ '0 '1' ..... ~ ••••••••• o •• t-........................ ••••••••••• .....,."1 .. · •••• 
(V/" ,.~<;'\ ... co"ih'< h' t.C'~rM"'" /v.,"< 1-<-< ., J ,. ,.""h~ J'-tok,{,,'-,( 

•••••• ,,' • • • •• • ••••••••• t' '"0. '1i ••••••••••• T r .............. '.0' j •••• " • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cost of operation and maintenance 
a. Tn local currency I •••••••••••••••••••.•••.•••••• 

b. In foreign currency 1 ............................. . 

What is your opinion on the local skill for operation and 
maintenance ? 

f i ll 1 ttJ~ t,r,,',u"{ f.~'{ LJ"fJp'-J.. r ... tJ'f,~/f h-ro/'o.uI. 8. p~o eaB ~ona _ eve ! ....... "0"···"_··· ," Ob"·.· •• • •• ••• : ••••••••••• ,,. 1,.J,~ I~.".-uh.,,"( ru· L.. "7) ,.(/.,L M''-~ ....... " "./As.&. . 
• • r .......... 1"·."0. • a • • ·r~ ••••••••• i ~ • :;. • •• , ••••••••• , •••••••••••••••••• 

b t h i 1 1 1 '£ cl," ~ v{ ~ ~, -<-' • it.. r/. I-<~"" ..... J J;'" L~'.A h/r-f ~ • ecnC8 eve t .1.1 ••••••••• ,4 •••••••• ·~ ••• ••••••••••••••••• 

hW·,~<rH-,. v.~. M . .-'H ~r~<l- .. rn'r-. ""i:<!I'r/ j, ... :r ... 1\ .rlh 
~.7·~ .(.,.7-/NLtt<., ~...,t,vt~. 

Are materials and components readily available locally for 
operation and maintenance ? .,. t~ ................................ . 
Name(s) of the local administration which support(s) the treatment 
plants' operation I •••••••••••••••••••••••••••••••••••••••••••••••• 

....... .... : ... 'l~ '( .. (0 ••• ,~ ••••••••••••••• 0, •••••.• )0 •••.••••••••••• 

....... 0\ hi .. ~.'t ... F. ... t~y"'-.. Jl"'.tt""hj. '~F' r- •. .l-. .• ................ . . . . . . . . . . . , ............................ , .......................... . 
16. Do you consider the set-ups in (15) above are appropriate and 

efficient ?~ ....•....•.•..• r ••••••••••••••••••••••••••• ~ •••••••.••• 
• • • • ~ ••• ~:().. • •••• S;.~ .!..~ ~ ~ ~ .. /" . 11 "I..t; • 0. .. U(~~ • • S·}> .¥ .. '?-••• j t. f--!'':t.~J. 

';,..-,rl 4...e. ~ 'y"~' .. ",. ~r "I.' tf,-.,,~ J • .{.- .n.......l_ ,h ... ,1\."'1( (ft .• ;.. l_,.,,~ ri"" .. ,,) ..... n' .... • .... 0'· .... ' .... I ........ ' ...... , ....... V .. "-J i .,. 
17. Power source for operating the plant 

a. Capacity of power req 1 d 1 ..................................... .. 

It.is readily available? .. .. 1-f1.".t ....... .................... .. 
b. Is the power supply reliable? ..... ~1 ......................... . 

18. Training of local people 
a. How is the situstion of training professionals in the country ? 

.... -.... -..... -.: ....... ~ .......... " ........... ~.~ ................ . 

. . ~I;t! { . ,~5'tlh~~ 'rt . !!~,. . _ .... h . . ~p.}-".\.~ . . ! r-.:..' r.!·: r" ~~~: r~ ~ . t;<-.(PrfA . 
to ..... v .. nr:,~~t.l ''1,",,\,}'j' (1"1'< 'l~ 1.t''1 't'" J L~J ............. "." •••••• T •• -.'"T"'W •• " •• , •• "" .-"'." ••••••• \---¥." r:,."" .. "" 
ov-(.AJ (...'\.-1 ~ .... u.,..o ....... 
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19. 

b. How ls the SI~uat10n of tralnln,t. technicians In the country? 
• •• ~~ ~ ~ ~~ • {.~. ~ {~'ol~tl·~~ • • ~ • "'.'\ •• - •• C;\I.,",'~ ~ ':':-; • ~t; . r'~"!'~~) . ~t\it: .t('4-

1,,,,"I;h ,1 ( L_,.;"":/ IJ ".·".v,"" \ ••• ~ "".," 7" .\'7' ..•• , .••• T •••• 1 ••• ••••••••••••••••••••••••••• 

· .............................................................. . 
c. How Is the Situation of training supporting professions In the 

country 7 •••• ~ •••••••• :._ •••••••• : •••••••••••••.•••••••••••••••• 
· ........ 1~;(.\ . . ·h . r, . r:~'1 r.' .... . n .. F ~ L .. ,"N ':'I." {~ .' •••••••••••••••••• 
• • • • • • • • • • • • • • • • • •• • •••••••••• V ••••••••••.•..•••••.••.•.••••••• 
• •••••••••••••• I •••••••••••••••••••••••••••••••••••••••••••••••• 

Solcal cultural factors 
a. Is there any religious factors 

practices and technology choice In 
that affect the hygiene 

the country ? ••••••••••••••• 

···J·····.·········~·.······· ... ···········-···l·_······ ·1············· .. ;{s.~t"\ IS. .~~. ,1#.L:Mo .r~.I~J,; .•. "l •• ~!. ~ t .• ~ . . ~1;. Nt!'1-. f\r'1t!\;'1' 
•• • ~ •• rJ...p • ..... J ct;.. • • ~.t,. ... ~t:.(.: •• ~f;1N r1'". ' ••••••.••••••••••.•••••••• 

b. Are the people Willing and enthusiastic to Improve the existing 
hygienic facilities? ••••••.•••.••••.•.•••••••••••••••••••.•.•• 

........... 0·········,········ ''r4'' .... :. "f"': ~ ............... . "-1-<., HJ' AAO._'t .... t>;'!v<.{ ~'j'l'~'<" ~'.h~ . . ···,-'~'I ... .;-.\-.;- .... , ....... 'U ........................... . · .............................................................. . 
20. Solcal ethics 

21. 

22. 

a. 

b. 

c. 

What 1B the .genera,'l attHude of soC;I/ll responsibility of the 
people ? 51.fl <u.,.{,. to b" r"n~ r, ·.Cc lJ rl1.~'· t,.<. (1f11 h'/' u~ ••• , •••.•••. ')' •••. : •••• : . . • . • . . . ... . • • . .. r, •. 11 •••••• 

.. k. k~I.<;-.. ·.f .. ';'¥;-'; •• ~ .'H~I;o:~ . . ?'.vf. ....... ~ .r .. H·f.· ................. . 
· .............................................................. . 
How are the professionals committed to their joba 1 •••••••••••• 

I'.~"':t .... _ .. h 1·.~' }-{ .. l"1,v;J' e1n:;t:4 J>..<.-(. 1-0, ~tr',\,.L .... .r .. " .... . -,,-. .1.... . r •• • , • • ~ •••••.• ~ •• •• 1. ••••••• ~: ••••• ••••• / 

· .#I'\"l·/n~y. f' .-.4.<"')0' r1<~· 10 •• ~I • • '11'1·1.1-..". I ••••••••••••• 

How are the technical ,taff and supporting staff co~tted to 
their jobs ? • .... 'i~r!-.. ~ . . (.}t~ ~; •••• ~~"!I~~-t":!":t •. ~ .• 'l-~r{ ... "H':'~~. 
~ t<lo/'l\rtl ... __ .1 t".,.; .. ·t..""'-""~" <l~ ,..1.1 ,\../\1 ..... Ll- , ftll-( lrAtly ... •••••••••••• • "l""e"'\' •• ,_ .••••••• ! .. ].,;,." •. ').CL ••• •• -Y.l~.~ ••• -lo .'!to 0', •••• 0 · . ~~. '~r"~ I' . ~'Vf . 1-'.'!! •.• \ . M . ',,<l-t-Hrt •• ~ • p.:-JTo'h~~J.'" •• 

Climate 
a. Average monthly maximum temperature I • 'f'.?~"" °c 

Month(s) having such te'f~rature I ••••• w. .. t'l. NPrI~k-; ••••••• 
Average humidity I .... • /.l. '.4;. .... '7. 

1.. ,'1' b. Average monthly minimum temperature: ••• 1 ......... °c 
Month(s) having such temperature r ...... \'I ..... h . . 14rnA: ......... . 
Average humidity I .... ,s:C ~ ..... 1. 

c. Length of dry 
, 2-

season : ... 0 •• 0 •• 0 •••••••••••••• months, 

from ••••• (--:'!-. . . . .. to ... r*; ........ . 
d. Intljpsity ami dyration of sun,hlne In a year: •••••••••••••••.•. 

.•• ttv.f,"1f . '~"'1' H<n,JI~r.L .• :1.~~'n . . . b.::. J .. ~'!':-./1~J" ...... . 
EndemiC local diseases 
a. Malaria. filariasis. yellow fever I • • {~,:~~ •• ~~,;b.\ ......... .. . 
b. Human round worm and hook worm. fish-borne pa~asities I ~~~ •• ~rhT{ 
c. Infectious hepatitis. dlarrhoeal diseases ••• ~IHH·;"l'f"-:I. ••••••••••• 
d. Cholera. typhOid. bilharzia •• ,{h4·r ... c.'i'1f;r,O;<" ••••••••••••••••••• 
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8. Capacity of treatment of the plant , s o~ •.. ' .•••.• population equivalent 
(present) 
.. &./! v<! • • population equivalent 
(ultimate) 

9. Name and address of the Contractor who constructed this plant, •••. 

10. 

11. 

12. 

13. 

14. 

15. 

· .... iJ~:"(" "U.:.-'~ . ~ .. ~...:..;,..' : ..................................... . 
Is it a local or a foreign contractor 7 ••• l-A~!-.................. . 
Cost of construction 
a. In local currency 

(excluding land 
Civil 
H & E 

cost) 
works , t . .ri.~} .~~:I!.:"';': ...... . 
works t r .. 1' .................. . 

b. In foreign currency ~i~i! :~~=: : :~:::::::::::: 
What is your opinion on the local skill for construction 7 •.••••.•• 
· .. .I,QW .. 5JJ!( . ~':'. k . q,,!~: . .. q\,W.~. rr· ~l<. .1"1~ (.,. .<i..r . .J.. . . r;>-. ••••• 
· ... fh. .. "" ..... h-."t-h . l~~"'.·~o;-' . • ~. 0;>-•• fly • • ~(r:-.,!> •.. . 4~h .•........... · .................................................................. . 
Cost of operation and maintenance 11.-.. I",~t;, ""-It 
B. In local currency I ............. ..-:-•••••• / •••••••••• 

b. In foreign currency : ....... /-: ..........•........• 

What is your opinion on the local skill for operation and 
maintenance ? { s: 
a. professional level, .-1::..I¥.,,\'M-' .. . W. '~'aH~.· .... o.~. ft .. rff..,,:, •• 

. w-.:Vtt .. ~ ·..., .. '13 .~ .. r..1J'!jW{ .... ~,:,.:"'fJJ. "f!:',';-":t .... ~. ''cf''''~' 1-
~Jh.~~,"(.(... 

b. technf.cal le,!el ',' H. .• J. fJ .. Cf'r-,.,.'1~/:''1-. .~~,,:/~~: .•• S..,I!,;,].: tJr..j':':'.. ," 
.'hd. • . -.'1-.'1 .. 1J'.cnrrf -. N·.~. j..~. fli. (0.'.". e-r . . rN •. -r."!'r-M .. ~. 'r:-:-fo"'- r'4.t . 

Are materials and components readily available locally for 
operation and maintenance ? •• ~'I' " U.<+,t . fc' . f;~ r">:~ '(F '~·fJ~;'t-:CAr~ 

( ~f"", ... r, 
Name(a) of the local administration which support(s) the treatment 
plants' operation I •••••••••••••••••••••••••••••••••••••••••••••••• 

f."!J.-c- /I··In. 'P""I"".~ ~ ' .. ~ u...u f .. tt.,~ .. . • • • • • • •• .0.r.t"J-":' 0 •••• , '>T '-'10 •• J..(o, 0

0 
. '''~.Vi, . .... .. u .................. . · .............................. '.' ................................... . 

• •••••••••••••••••••••••••••••• 0 •••••••••••••••••••••••••••••••••••• 

16. Do you consider the set-ups in (15) above are appropriate and 
e f f1 ciJ'n t ? ••••••• 'E' ......... ':J(,.' . /.... ' ..............•.•...•.•....• 
• •••• .;Jl • ..... t-;Ift-trr. . . . . 'N-. ... ~ ....... '~'" .~. f' ..... 1.,. • 'r· ... i~.'-f • • 'H .y.I~:-.{. C!'.w D) 

-,L /6#' ... 1__ I.f), 1.,..,.- 11 for I'J /l' c..h-n .... At"",:I: . 
•••• • ,~. """' •• ~ ........ "" •••• 7 ••••• -r' ........... , .............. . 

17. Power source for operating the plant 
a. Capacity of power req'd , ...... ¥. .............................. . 

It is readily available 7 ...... .. .......................... .. 
b. Is the power supply reliable ? •• .. 4tr ... .................... .. 

18. Training of local people 
a. How.«is the situation of, trai~ing p~ofessionals in the country? 

.... (~~ .. ~~!'. '_~~~-:"c.. '~!~':1: .':1 •• r-m~.,.: n..t . 'r:::~I,'''''<' .... . 

. . ·.uft'ihrA. l-t • I'I~~~" ~"l.~JI""I' .'1'. 'r"~(-'1' .H .~ ~ ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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19. 

b. 

c. 

How is the situation of training technicians in the count~ 1 
: ... li:Q.,,:.~ .. rf-.!.!". .'H. 'r:t-./~· .. "'n4, . . ( •.•. '. · .. 'r.~·1/. f'r~~.L~\"f.tf.~'T"':' 
... Nl/i1:'" .{v0.l,. ,.:-ry .. t-•• ) •• ~. C:x ... c.. •• ':"~. 11 • • 1tt.,..~.'Hf. t~ ..... n., ...... ~. ~l .1..:.';' J..d .. ~i'L/~ 'w~L. r ...... ~ yr. .• -. r •.• o.".-,. "'7"'\"'0'" ...... t···

U 
..••••••••..•••••••• 

How is the situation of training supporting profesoions in the 

count ry 7 f~; ~ . 0: .. iJo' . ;#~ i h#~f,~~ . : . . ''':;; . ~' ... : "/:': ~~~ .. ~ .. ~,;~~ ~:;~ .. 
· .. dj.' . 1. ii..:::'.;: . ~ ~ ;,:.;..:..': ;;', ~:..;..:; ... ',; . ~ i :::. .:, ~ .. :.-..'~' . ;;.;;;, r ; :;: ••• 
... ",: i\ .. ,I ..... ~ ... ':.;.: Y"l ••••• ~: .-,- ••• •••• fT •• !"'i •••••••••••• '", .... 0·' •••• 
.... . H~I- .c.o.~ .+1;< ... • r .. ... rr:· ":~'!-fM'". /':'"rn":'-.":'r:~., .......••• 

Soics1 cultural factors 
a. Is there any religious factors 

practices and technology choice in 
that affect the hygiene 

the country 1 •..••..•••••••• 
• ••••••••••.• i1' •..•.•.•.••••••••••.••••••.••.•••••.•.••••••••••• 
· .............. ~ .............................................. . 
· .............................................................. . 

b. Are the people willing and enthuBiastic to improve the existing 
hygienic faciUtieB 1 ••••••.••••..••..•..••...••..•.•••••.•.••• .. .. ·~tJ· 9-• • s.~ •• '}:"l.or,. If·· kit ...... ~.1(: . r1'''~· .~,:,!i:~~:.~/t':'"' .. · ..... "'" . r~' . ,.,~h~ .~ .. <;'11 •••....•••......••...••.••.•...•• · .............................................................. . 

20. Soical ethics 

21. 

22. 

a. What is the general attitude of socisl responBibillty of the 
people 1 .• r."".;...,. N-f •• ~ .~'t;'1~~")-:~. 't-. ~t:. h·.t;. ,!""I;;.,~. rVry .... 
· . 'r'f.r!".'~ .. '\'4}. h. J.~':'. .~I)jl.L f~. k~. A~. ~c.<}. f~~'io<. J.t ... ....••••• 

b. How are the profeB.ionslB committed to their jObB ? ..•••••••••• 
• • . s,,!":,-•• ~ •• r t~ .... .,~ ••• ~ ••. ~ .• ~ ..... • ":vft ... .. . 4.f . . 't!'J .. ArI- • • 'l<t . rt~ 
· . A'l"1' ,. i r. ..... . rN . . p-rtfri-·M. r;<.N IY'. H'f.+ •• ,..~·rt-:t"; . • rH .... • ~ .... '1'0", . 

c. How are' the technical staff and supporting staff cODDDitted to 
their jobs ? •..•....•.•...••..•.•.•..........•........•.•••••.. 
••.•......... ~I\~ .. ~ •• (.b. . .>.: . ............................... ... . 
· .............................................................. . 

Climate 
a. Average monthly maximum temperature I ••••• ! f. ..... °c 

Month(s) having such temperature I •• , .I':lH<cl: •• '}:-f. .• 'ri0. ....... . 
Average humidity I •••••••••••••• 1. 

-,,{' 
b. Average monthly minimum temperature I ••••••••••••• °c 

Month(s) having such temperature I " ~c,lnl,<., • • ~-!- .. U".MN~ ..... . 
Average humidity I •••••••••••••• ~ 

{, 
c. Length of dry BeaBon I ••••••••••••••••••••.••• monthB, 

from .... • r-}~ ~ ;. .. ... to Ih,.;..{ . . . . . ; '., .......... . 
d. IntenBity and duration of sunshine in a year I •• t\~<.·· .I:-Cf.··· ................................................................. 
Endemic local diseases 4... ~ 
a. Malaria, filariasis, yellow fever I •• '":':' .... ~~ ................. . 
b. Human round worm and hook wor .. , fish-borne parasitieo I "I"."r.·r\(1'.{(~··~ 
c. Infectious hepatitis, diarrhoea1 diseases ... "".;t-fl'j- ;r~!Y, ~r.J)~ ~(' .. 
d. Cholera, typhoid, bilharzia ••• f ...... ~ .. ~.h~ •••••••••••••••••••••• 
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rnterviewing Questionnaire 

5ame of Wastewater Treatment 
· ........................................................................ . 
::>etall address I .!(~':J .. }:b:.~{·~'.e:: .. ~,!,!.l' .. ~~~.A ...... .T.r.':r-~.; ......... ~ .. . 
• • • • • . . • . • • • • • • • • • • • . • • • • • • • • • • • • • • • • • . • • • • • • • . • . • •• Tei I • (q .1.)' .7. (!.J. r{} 

JI f ibl AI. F~' SI, ,- Ra k E,,'};.JC ~ ame 0 respona e person z ........................ n t •••• "v •...•... · ........................................................................ . 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

Na~ and address _of the Consulting, Engineer: deS.1gpin~ this plant -' . 
,") l.J~h' <. - ...... , .' •• , ~ ___ t ld .. /,·, vf',b " ·L~"\. T.. .... , t .... ~ .... f· .. fi. • r ~ "1" '~f l • t \ ... y' •• f. . . .... . . . . . . .. . J • ••• 0,1 •••• r. I 

I i I I f i fi 7 / 0 (.J.. ~·t,-#.ll·-.I~t-8 t 8 oca or 8 ore gn T1II I ••••••••• ·v· .. ,,). .......................... . 
Treatment methods used in this plant 'I ( , 

P li i t t t [jAr- r(,I,...l/~ ("'" t .; ,n,,-..L r(t •• I .... u .... i- y 
8. re m nary resmen •••••••.•••.• v •••••••••.• ····.(··~·······~i 
b P i t eat ent <;,{.-~ ••. It\h... ho~k 

C
• sr mOardYaryrtrematment I •• ~~ 'I-o~;~r'('i '/I~L/"; r:,: ~ .... T':"'(' ~;d.:":':';"'I'''--• ec n I •• r' •••••• 0 • 0 0'.). ';:6,' •••••• ,6 • '1'" •••••••••• 

:: ~~:~~:rir::~:::~nt :: :t1~:'!f~~ :~1~i-t:f;:"ti.:J.~,; ':j~ :~~:<f;~'~~~ ~ ... r" 'I 
f. Vol. of dry sludge produced I ........... .. If ....... 0' m per day 
g. Sludge disposal I ••••• , • • t>-NH .. t:. /:l~;-M~'-j" .·.'l~fl' ..... 

Site area of the plant / ' 
l'- 16 rc, (r: «(, /,.",1 ,(""'" r '~r'-~ 

8. Present •••••••••••.•••••••••. Ha " I l 

b Ultimate I'· 'If Ha j •••• /./1. •• " .. ,-.t"",): .s,," .". • • •••••••••• t • • • • • • • • '" 

Ltd .. ,"-;", (,('h .... "·\. rl:/.h".t" .. 
Nature of site!: I .. I r' L 

T h i & ... 1:" ,JU.ht- (\..1..( 1-i2 ",-....-<..'... .(.,l.;.. ....... /.~/c.v..~r ~. t" "1,Lr'.{l({ n, . 
8. opograp Y I •••••• • 1 ••• ••••••••••••••••••••• ,... • •••• ] .......... " . 

b. Proximity to s udge disposal fact ity I .. //>..~:'~ .. w·.-. f 'l-:-r. •• t«Jh ..... ', .. ';f. Wi 

Strength of Influent 
'?e-v 1 s. BODS •••••••••••••••••••••••••••••••••• mgl 

b. S.S ••••••••••••••••••• O'~·~~ •••••••••• mgll. 
c:. pH 0 ••••••••••• 7. •• ~ •• Q. ••••••••••••••• 

Major chemicals :::: :1~d~~t~~::: ( • • • • • • • • • • • • • • • • • • •• ppm) 
( • • • • • • • • • • • • • • • • • • •• ppm) 
( • • • • • • • • • • • • • • • • • • •• ppm) 
(~ ••••••••••••••••••• ppm) 

Effluent 
a. BoOS 
b. S.S. 
c. pH 

................ , .. ................... 
quality (r.. f ( 
· ................................ . 

le h Il' 
• ••••••••••• 0 ••••••••••••••••••••• 

· ................. 1 .............. . 

mg/l 
mg/l 

t" h'~J 
/. "'it 

Major chemicals ••••••••••••••••••• ( ••• r ....... .... ppm) 
••••••••••••••••.•• ( •• ...- ••••••••••••••••• ppm) 

~ 

...................... (". • • . • • • • • . • • • • • • • • •• ppm) .-

el'iv.. t-t...l-tnj 
h~..;/~ _~ 

............ 7/'" (.................... ppm) 

'lli' ~~.:~:.~~~~~:~~.~~~~~~~.~~.~:.~~~.::~~~:~~.::~:~~:~.~.::::~:~:::::: 
How frequent and by what method (grab or composite e~ were the 
samples of (5) & (6) above collected 7 .... ,,~ .. A-:t.~'1'''~'~ .. 1."!":' . 

I'"r. .... t.. ..fr" ... .,.':! ,,_:t ;'.f' ........ r f"·-"",t ;J1tu,).JJ.; ... !. P1tko-t nlo
J ~"'~r:;,..t 

( ...... ~ ........... ,.'1- ......... : .... : ' ... ' .. ; ...... :r· .. ·~': .. · ..... ' 
C.''''fu1'-'' J",\ ... ,/~~\.f... !.,.~ ... , ..... ri., frJr ~U-... tr cr(,,,,,,"1r>- ~,t .... h€l" At/I '1~.) 
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8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Capacity of treatment 
A,h',<f,J J{"'Ye 

of the plant 
Ill'oC' ,,,,1/'~1 

ISSco ,,,i'(.-·'I" 
• • • • • • • •• pD1fu1"a t 101P--eq" f "8 1 ep.L 

(present) 

r:.cc 2i t ... ·" ,. r /tL') ..•. ,. "";--J!OPU~ i~ 
.t .. t tt mdt eJ 

Na'!le and address ofL,t~, CTntract»r,_w~ constructed this plant 
fj ~ n .... ,'~.{ f/~f ! .. . J /i . ,Jt r 1 1\' ............ 'C., ...... r.' . . i". , ••• '" •••••••••••••••••••••••• 

r. e ( . J.. i;'~! "to /.,~. /." ,- ." 
1"1 7. 'n (I. n .. I" " '1 I( I . ( 

Is it a 10 al or foreign contractor? c\ ••• ••• L,'}-, ••••••••••••••••••• 

Cost of construction 
a. In local currency 

(excluding land cost) 
Civil works 
K & E works 

4" •••••• l ••• ,.. •••••••• t .rrb-. 100 "e~ 0<'0 

b. In foreign currency Civil 
K & E 

works 
works 

........................ 

:: :11.~1::: ........ 
What is lour opinion on the local skill for construction ? 
....... \e\,. r~.t\ ..................................... . 
. . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... 
Cost of operation and maintenance { cL 
a. In local currency ,.~:r.1t.fl'~~~·.~~~·.r,',"l~.h<.c'""l fr,(c,,; ... 
b. In foreign currency , .... • /I~;;~ ....... ..... 'l. ....... . 

opinion on the local skill for operation and What is your 
maintenance ? 

•• ~ '9 .t{ ••...•...••.•...... 0 0 0 •• 0 • 0 •• 0 ••••• 

• 0 0 • 0 • 0 •••• 0 • 0 ••••• 0 ••• • l/ . .. 0 • 0 ••• 0 •••••••••• 0 ••••••••••••••••••• 

a. professional level 

b. techniC~l level .. 'r C'\I ~ 1-1 .... •••• 

1-., .-,./'1. 0'-/ ~ •. Of 
o 0 ••••• 0 r-.A <"-.Lt,~, lv.--<. ~ ,,,.+.-........ t 

•• 0 •••• ). 0 • V' 0 •••• 0 •• 0 ••••• 0 ••••••••••• 

•• • 0 ••••••••• 0 •••••• 0 ••••••••••••••••• 

Are materials and components readIly available locally for 
operatIon and maintenance 7 •• • ir ............................... . 
Name(s) of the local administratIon which support(s) the treatment 
plants ~ operation , •• 0 • 0 ••• 0 •••••• 0 ••••••• 0 .0 •••••••••••••••••••••• 

5:",-«. fl":l A'ls.,,# h (J,,\....olhhin,.. I 
••••••••• 0 •• 0 • • ........ 0 •• r'\ 0 • 0 • 0 •• • .•••••••••• 0 ••••••••••••••••••• 0 

o •••••••••••••••••••• 0 •••• , ••••• , , •••••• , ••• , • 0 •••••• 0 ••••••• , •••••• 

o •• , •• 0 • , 0 ••• , 0 , ••• 0 ••• 0 •••••• 0 •••••••••• , 0 ••• 0 •• 0 ••••••• 0 ••••••••• , 

Do you consider the set-ups in (1s) above are appropriate and 
efficient ? ~ ••••• o. £.b" .•• •• , ••• ' •.•.•...•.. 0 •••••••• /' •• , •• 0 ••••• ' 0 

n ,.·i.~~"f. we~~ ( . " \.~ /.t.-'.rVh_f-, ...r..-e low-(...-.' •. , '~~f"""<"'" ........... 'r"~"~' t ................... 0 •••••• ° 
,j~~."_I/I. rt",~ r-c.~k A'_ /.... rh .r.' ;v,,·r~ .; ,. "'rf . • • • ~ ,,-... .t""ii'-\ •••••• , " t r . -... --- .... .. . .... i .......• ~ ..............•...•. 

Power source for operating the pl~nt if (~ 'f. 
C i f 'd Ibr oop 1,,·/, h'.'f/. ,-.. htn.{ 4r c\T(> 1/.. F:IC l' a. spsc ty 0 power req I 0 0i" ~. .., .0 ••• 0 0 ••• ' •••• 0.;,-' ••• 00 0 • r..t."'~"A 
It is readily available ? .; f::<........ . . .. .......... . .... . ...... 7 ) 

b. Is the power supply reliable'? .. (~ft ............................ ~JoI .. ,~t" 

TraInIng of local people 
a. How is the situation of training professionals in the country ? 

o •••••••••• 11 •••••• 0 • 0 •• , •• 0 ••••••••••• , • 0 • , •••••••••••••• , 0 • 0 •••• 

• • • • • • 0 ••• J14..1~ts.. . ..... 0 ••••••••••• 0 •••••••••••• , ••••••••••••• 

• • • 0 •••••••••• J' ••••••••••••••••••.•••••••• 0 •••••••••••••••••••••• 
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19. 

b. How is the situation of training technicians ln the country 1 

c. 

····r········:t·· .,.,.:..~ ..... Z;;(·.~:;D" ·l.:.;..··s'···· '~:G" 'v,:f-:: ..... 
••• 1-;9 .... 1.9 9. •• /\ •.• ·r"·············· /711 .... .. r···· .. ········ · .. . .. .. .. .. .... ................................................................................ .. ...................... .. 

How is the 
1 

situation of training supporting professions 
country 
.. .. .. .. .. .. .. .. .. .. 

. , ... { 
Por", . 

.................................. 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . ...... · ............ . . . . .. .. .. .. .. .............................................. . 
.. . . . .. .. .. . .. .. . .. .. .. . .. . . .. .. . .. . .. .. . . .. .. .. . .. . . .. . . . .. . . .. . . . . . . . . .. 

in the 

.. ... 
Soical cultural factors 
a. Is there any religious factors 

practices and technology choice in 
that affect 

the country 1 
the hygiene ....................... 

b. 

......................... ~.r:." ........ ;-: 0#".0: ............................ .. 

................................... {'J9t. .l';- ..... fl.'f. I 
.......................... . 

Are the 
hygienic 

. .. . . . . .. . . . . .. .. . .. .. .. . . .. . . . .. . .. .. .. . .. . .. .. .. .. .. .. .. .. ......... 

people Willing and enthusiastic to iwprove the existing 
facilities 1 ............. ~ ............................................. . 

• ..... • AI;. :-1:" .. ~~.,:Z: t.. • S '0' •••••.•••••.••••••••••••••.•••••••••••• 0 • 

· ..•. . :1..; •. •. 0 0 •••••••• ' •• 0 •••••••••••••••••••••••••••••••••••••• 

· . . . . . . . .. . ................................................... . 
20. Soical ethics 

21. 

a. What is the general attitude of soc ia 1 responsibility of the 
people 1~ .••...... , ••.... -' .............•.......•............. 

1<"'('1"::-;1 bIt" ~ .~ N-<- 1. .... , bw" t:"'f . •••• 0 ••• Vo •• 0V .••• ~". 0 •••• '..0 •• •• oo •••••• t ••••••••••••••• 

• 0 • • • • • • • • • • • • • • • • • • • • • • • • •• •• 0 • • • • • • •• • ••••••••••••••• 

b. How are the professionals committed to their jobs ? 6(J~ . .......... . 
• • • • • • • • •• • ••••••••••••• 0 • 0 ••••••••••• " •• " • " " ••••••• " " " •••••••• 

• • • • • • • • • • • ••••••••••••••••••••• " •• " ••••••••••• 0 ••••••••••••• 

c. How are the technical staff and supporting staff committed to 
their jobs ? •••• '," • " ••••••••.••••••••••••••.••••••••••••••••••• 
· ........... . fA ':~~ . . . ~;t.. . .....•....••...•...............•.... 
• ••••••••••••••••• J • •• ? ........................................ . 

Climate 2.] 0 a. Average monthly maximum temperature, •••••••••••• C 
Montb(a) having such tempe.~atur. , ....... 1'"tl.,..~'1\t ........ 
Average humidity I ••••••• 19 ..... t I 

b. Average monthly minimum temperature 
Month(s) having such temperature 
Average humidity •. !fr ...... t 

c. Length 
5 \..( .... ~'1 

of 9r1 season . ........... . .b. .. .•.. .. months, 

f n'.'l rom .......... ., .. . to 

d. 

22. Endemic local diseases ~ 
a. Malaria, filariasis, yellow fever, ....................... t .... . 
b. Human round worm and hook worm. fish-borne par88tt~e~, .11'.'f'."'f.~ 
c. Infectious hepatitis, diarrhoeal disf.lises ••• "'~\'H·.' ............. . 
d. Cholera, typhoid, bilharzia ........ '} ~ ......................... . 



APPENDIX C.3.4 --- HONG KONG 

Interviewing Questionnaire 

Name of Wastewater Treatment Plant I st...\;tj" STP ..................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
De ta 11 add res s , " (':I!-.; .. Ht' .. ~.o.".d. L • -?~.t: ;". , .. !'!: :-; . '. . !+; ''1.fS~ ~ ...... . 
....... .......... ...... ......... ........ ............ Tel I ••• o.:b . . ~~.J.J.l.~. 

N f ibl 1\1\.. .DM;<{ K. c.. W.... k' fJ",,,,t MA"~Q.t. ame 0 respons e person I ••••••••••••••••••••••• Ran I. • •••••••• U . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1. 

2. 

3. 

4. 

5. 

6. 

Name and address of the Consulting Engineer designing this plant • 
· . ~",t:,~. tt .... "'!·Jt 3' ~f ~~ 01 • • ~~. h,"!·N. i~." .~,,~Im • . ih'1.1: ~'?' ....... . 
Is it a local or a foreign firm? ... -h!f.ir .. C.~·.,,=;) ............. .. 
Treatment methods used in this plant I 

P li i t t t Scr .. ";~ Gi,;t «"'.Vc>v'\-s. re m nary rea men f ••• ~ .r ... ~.~ ........ . ~ ................... . 
b. Primary treatment •• fn,:"t'!":J .• }!-.~C"'.~i":~t':-:- .• "!'." ............... . 
c. Secondary t rea tment I •• I;'\ft'""r",,- . ~1i"'1~ ....................... . 
d. Tertiary treatment , ...... ;-;-:- .............................. . 
e. Sludge treatment • .. fu.~t;'>.biY .. ~~h":-.. t .iI').~w:,iw.. .~.",!*:,:., 
f. Vol. of dry sludge produced ' ..... ~ ...... :~~9 ........ m3 p1~day 
g. Sludge disposal ... fll'fYl'f .. ~,J .. tn-~~ .. t:-... ~'l;.tr-)l J'~~'f-II .... 
Site area of the plant I b 
a. Present .............••..... " Ha 
b. Ultimate ........•.•...•..•.... Ha 

Nature of site P.,. J I J t' 
t-J. to A. .. rt'\(." C\ ..... c7\. M . 

4. Topography I •••••••••••••••••• / •••••••••••••••••••••••••••••••• 

b. Proximity to sludge disposal facn ty ... 1.2: .. ~~ .. f.':-.. 4t. rh"f' ... 

Strength of Influent 
'2.>0 

a. BaDS •.•••••••••••••••••••••••••••••••• mg/i. 
h. S. S •.................. 1-.~ ............. rag/I 
c. pH ••••••••••••••••••• 1:.1 ............ . 

Major chemicals · . . . . . . . . . . . .. . ... A.~~ .... ;.. "'ih.~t .. ( ........ . J. t::. •..•.••• 

Effluent 
a. BoOS 
b. S.S. 
c. pH 

. P~,~;.c.. .. ~~\ ... ,p ": ••• 
(.~ . . · .. 'n ~ .......... . 

( •••••••• •• ' .0 • •••••••• 

( ........ ~:f.q., ... I'. · ................. . ( ................... . 
quality 

10 ~ I S-
I ••••••••••••••••••••••••••••••••• mgf{ 

mg/{ .............. ,q.~ .. I.5. ••••••••••• 
b·g 

••••••••••••••••••••••• I •••••••••• 

ppm) 
ppm) 
ppm) 
ppm) 

Major chemicals IL ,~.~; .. ""~l-nf.-• .'1""!' • • • • • • • • •• • ••• 
Qr,. .. ~,< ""m r-

,.S' 
( ••••••••••• I • • • • • • •• ppm) 
( ........ 9:7 ......... ppm) .. ',1. '" .'. .. . ... 

• • <;-b l'"Y'i ~ . • • • . • • . . • ( .... ... 3.~.o. ......... ppm) 
(. ................... ppm) · ................. . 

Is the effluent quality up to the required standard ? •• ~ •••••••• 
• •••••••••••••••••••••••••••• I •••••••••••••••••••••••••••••••••••••• 

7. How frequent and by what method (grab or composite etc) were the 
sampI,:s of (5) & (6) above collected ? .. !Ai~',!.;r'r.H+.I."'>;<.<; .... 
· ... t"1.~ .. f\ • ~y"o ................... I •••••••••••••••••••••••••••••• 



f f 1 ,)0 S- 000 1 1 8. Capacity 0 treatment 0 the p ant I ••• , ••••• popu ation equiva ent 
(present) 

9. 

~lq~~~~. population equivalent 
(ultimate) 

Name and address of the'Contractor who constructed this plant I •••• 

• ••••• /!< d:J . . C-?v ~,,~.:-•• C:o. ' •• t.,.~": ' .................••..........••....... 

Is it a local or a foreign contractor ? .. fPr~~'r···c, . ..r,,:,~~. I ...... . 
10. Cost of construction (excluding land cost) · H~ P.:t: l!:'. ~;!I:' • ."' .. ( ~rF'~.) a. In local currency Civil works I 

H (, E works I 

b. In foreign currency Civil works I 

H (, E works I 

- , ......................... 

-• •.••........ . 1" ...... . 
Ht<. <t 300 '\>,\'/; ..... 'orr""') · .. ~. . . . . .. . ... ~. . 

11. What is your opinion on the local skill for construction? •...•.... 

12. 

13. 

: : : : : : : :Vt1 : :~; ~~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : .................................................................... 
Cost of operation and maintenance 
a. In loca 1 currency I •• f! ~". !1. i. '?/" ~~ ~ • r . ,!".".".th .... 
b. In foreign currency I ••••• Co •••••••••••••••••••••• 

What is your opinion on the local skill for operation and 
maintenance ? 
a. professional level I ••• Y!~. ·1H~ .............................. . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
h. technical level I •••••• :V:.t.r:,. t·tA ............................. . . . . . . . . . . . . . . . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

14. Are materials and components readily available locally for 
operation and maintenance 7 ....... ~ ......................................................... . 

15. Name(s) of the local administration which support(s) the treatment 
plants· operation t •••••••••••••••••••••••••••••••••••••••••••••••• 

.•• . ~((,,,~;.W-.• ~ •. /"J~4", .... ;.w .. ~~>;'(';'H' • • ~f"'(hi-:1., .................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ ................................ . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
16. Do you consider the set-ups in (15) above are appropriate and 

efficient 7 ....................................................... . 
4~ is ~';J~~ I.~" _f< ~t./'nl'n··r... 7iu. ,,~_.~;fr....h·."" ••••••• 'iJ.l. .......... • -••• ~.;~.\.".., '"l'T·.·'········ .. ·············· 

ft...~{.t I. '" f~v;yon_,t..{ f ,..+. •• ~':1 ".,t".uL n. <=f!, M >·~t, •••••••••• ~ •••••••••••••••••••••••••••••• , •• J ............. ,··"r··~:r.r· 

17. Power source for operating the plant 
8. Capacity of power req· d I ••••••••••••••••••••••••••••••••••••••• 

It is readily available 1 .•.• ~ .•..•...•••..•••..••..•.•....... 
b. Is the power supply reliable? ... ~ ••..••.•.••..•..•...••..... 

18. Training of local people 
a. How is the situation of training professionals in the country ? 

· ....... V ...................................................... . 
· ....... . t f·1·lo4 . ............................................ . · ............................................................... . 
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19. 

b. How is the situation of training technicians in the country 7 
• ..••.•••.••••.• J •.••••••.•••••.••..•••.•••.••..••..•...••••..•• 
• 0 ••• • V,~ .. ~.f;.fJ.~ ••••••••••••••••••••••••••••••••••••••••••••••• 

• ••••••••••• V ••••••••••••••••••••••••••••••••••••••••••••••••••• 

c. How is the .situation of training supporting professions in the 
country 7 •••••.••••••••••••••••••••••••.•••••••••••••••••••.••• 

::::: :vi~: :~~:::::::::::::::::::::::::::::::::::::::::::::::: 
· ........ o •.......••.........•••.........••..••••.....•..•...... 

Soical cultural factors 
a. Is there any religioua factors 

practices and technology choice in 
that affect the hygiene 

the country? •.••...••••.•.. 
· .... . oN; ...................................................... . 
· ........................... ' ................................... . 
· .............................................................. . 

b. ~re the people willing and enthusiastic to improve the existing 
hygienic facilities 1 ......................................... . 
· ............................................................... . 
• •••••• ~ ••••••••••••••••••••••••••••••••••• 0 ••••••••• 0 •••••••• 

• •••••• q ••••• 0 ................................................................... .. 

20. Soical ethics 
a. What i. the general attitude of social responsibility of the 

~~~~~~.: ~~,j~: :;~f~:'::: :i;-~~: >:'~~';I:r;~~I;'~~,:: ~~';1:~1~: :(IJ{~~),:::: 
••. il'~}h':-1. Mv>.If.~.,~~ .• t;, .. p~H·". M~.'f.' ............... . V •••••• 

b. How are the professionals committed to their job. 7 •••••••••••• 
• • 0 .... V" .................................. 0 ............................... . 

0 ....... • t.1o.q"t~~ .......... ..... 0 .......... 0 ••••• o. o ....... 0" 0 ••• 

c. How are the technical staff and supporting staff committed to 

their j~/~~? ~:".J. .. :;. ·'·i~··· ·i;cL:;,:';·::· ·l·;:";/:·· ............... . 
• • .. • • • • l' .. :, • "f)- ,.~'" .""""- • r. . ...................... -. ... '1 •• 0 ............... 0 0 • 

....... ~v·;ll.t'v4.f'! .. '\~~'1·.t.--•• l(,.~ ......................... .. 

21. Climate 28 
a. Average monthly maximum temperature : ••••••••••••• °c 

Honth(s) having such temp)jrature I ' ••• ~'a' . -;:-; . Mrt ............ . 
Average humidity I •••••• 19 ...... 1 

b. Average monthly minimum temperature I •.••• !~ ...... 0c 

Honth(s) having such temperature I ••• P~.c ... 7'; •• F.!;' ............. . 
Average humidity I ••••• • 4..q • ••••• 1 

c. Length of dry 4-season I ................................ . months, 

from ••••• J:--hl.( • . . .. to F.e~ 
........... 0 ............ .. 

d. Intensity and duration of sunshine in a ye~r I •••• 8 .. ,,:,-.o:,~! •.••. 
• ••••••••••••••••••• ~ •• \;\> ••• ll<."' .... ~ •••.••••••••••••..•••••.••• 

22. Endemic local diseasea 
~tJ a. Malaria, filariasis, yellow fever I ••••••••••••••••••••••••••••• 

b. Human round worm and hook worm, fish-borne paras1ties I O~", .... iv~ j...,t' ~~ 
c. InfectiOUS hepatitis, diarrhoeal diseases ••• 9.<..<f.{~~........... C-<. 

d. Cholera, typhoid, bilharzia •• :tW .............................. . 

1 Q 




