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PART 1

PRELIMINARY WORK AND REVIEW OF LITE2ATURE



CHAPTER 1 --- SYNOPSIS AND INTRCDUCTION

1.1 Synopsis

This research is concerned with the use of technigques
of system analysis / operations research 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 technigues of linear przgramming, dynamic
programming and non-linear mathematical programming, has
been carried cut. None of these existing models deals with
the socio-cultural and environmental coniZitions but merely
with the economy of treatment. In this work the more
subjective or intangible factors are included 1in 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 and socio-cultural
factors. The model was developed to rank a definlte number
(n) of wastewater treatment alternatives (decision

variables) by the evaluation of the twentr parameters.

The model applles 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 matrix with twenty

Y



nxn decisldn variable matrices £for obtaining the final
ranking of the treatment alternatives. The computer
program 1s written in IBM-pc BASIC and can be run on any
IBM personal computer (or any XT or AT). The model was
tested using data collected from actual treatment plants in
Malaysia, Thailand, Taiwan and Hong Kong. A sensitivity
analysis was then carried out. As a result the model was
extended to be able to forecast a change of appropriate
technelocy as social and environmental conditions altered

with time.

1.2 Introductijon

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 1is a brief bDbut comprehensive
description of existing wastewater treatment techniques
which are commonly 1in use. Chapter 3 is an extensive
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 wvarious zresearchers are described 1in 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 variables {(or treatment



alternatives) are described. Chapter S5 then glves a
detailed discussion on the mathematical tool (elgenvector
prioritization) applied in the model. It also explains the
reasons for using this particular mathematical technigue
and discusses the advantages of it over the others. After
a theoretical background s given in Chapter %, Chapter 6
continues to describe the development of the model in

detail, including the discussion of the computer program.

There are two distinctive methods in research ---

deductive and inductive methods.‘?®’

The deductive method
uses logic that moves from the general t: the specific. 1In
such a method, a theory or an idea 1is obtained after a
general consideration of all occurrences. The inductive
method, however, uses logic that 1is launched frem 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 Inductive method is applied in
this research. The model is formulated firstly as a
hypothesis, as described in Chapters 4, 5, ang 6. It is
then tested by using four different situations. Chapter 7
and Chapter 8 describe the tests using d3:a collected from
four different places, namely, Malaysia, Thailand, Taiwan
and Hong Kong. The test results obtained are the four
optimal (or most appropriate) treatment alternatives for

the four given situations.



Chapter 9 is a description of the sensitivity analysis
of the model, the technigue of which 1is applied to
forecasting change of appropriate technology as a result of
change of situation. Chapter 10, the last chapter, glves
an account on the merits and demerits of the model, which
is then followed by a suggestion of Efurther work to be done

for improving the effectiveness of the model.



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 wastewater 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 primary clarifiers and secondary

clarifiers, the former allow settlement of pollutants to




occur prior to secondary / biological treatment, and the
latter do so following secondary treatament, Usually,
secondary clarification 1is 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 BODg of a preliminarily treated

municipal wastewater(23).

If the standard of effluent
reguired 1is 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 dispesal of
the sgttled sclids (or primary sludge) in using primary

clarification.

Pathegens 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

(9).

fever, etc.) 1is achieved About 50% of removal of

bacteria (causing diseases such as diarrhoea, cholera,

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

(9)

time Protozoal «cysts (causing diseases such as




diarrhoea, amoebic disentery, malaria, e3c.) 1in the cfude
Sewage can be reduced by 30% to 50%(9}. Helminth eggs
(causing diseases such as human round wcrm and hook worm,
fish-borne parasites (Clonorchiasis}, bilharzia,

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

2.2 gstabilization 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. Stabllization ponds may be classified as anaerobic

ponds, facultative ponds and maturation ronds.

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
pPre-treatment process. Odours are a problem with anaerobic
ponds, and efficiencies of treatment are generally low.
The major Boﬁ\5 removal by an anaerobic pond, 1like primary
clarification, is achieved through the removal of the
suspended solids, as it is unreasonable o expect a crude
anaerobic digestor such as a pond to Zfzrther reduce the
BODg of a relatively weak municipal wastewater(”.
Therefore, an anaerobic pond is usuailly design%d as a

primary settlement wunit, but instead 3f desluding the
L

settled solids (as in the case of clarifiers), they are

D




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 typlcally llto 1.5 m deep and in
them anaerobic breakdown occurs at the bottom layer while
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 used in
series with other ponds, it must be put after an anaerobic
pond and/or before a maturation pond. The oxygen necessary
for biochemicad oxldation at the upper layer of the pond is
supplied by the photeosynthetic activity of algae grown in
the pond naturally and also by the direct adsorption of
atmospheric oxygen through the air/water inte:face(7).

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

95% removal of BODs.

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 wused 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 D.C. concentration, high pH, and good

sunlight penetration (ultraviolet radiation} are suggested




to be the reasons for pathogen removal 1in maturation
ponds(7). Besides pathogen removal, <he ponds can be
employed to further lower the concentraticn of BODg and the
$.5s. in the wastewater. They also oxidize any remaining
ammonia to nitrate (ie. nitrification), and lower the
concentration of the soluble nutrients, nitrates and

phosphates(T).

These two nutrients are rszmoved by anabolic
uptake during the growth of algae and of other
microorganisms. Phosphates are also removed by
precipitation as hydroxyapatite [Cag(PO4!30H] at high pH
values (8.2 or above) developed as the result of

photosynthesis(71.

Anaercbic ponds, facultative ponds and maturation
ponds may be designed, as mentioned previously, in series
so as to accomplish the more complete treatment of
wastewaters. Anaerobic and facultative ponds are malinly
designed for BODg and s.s. removal, whereas maturation
ponds [painly for pathogen destruction and effluent
polishing. If large site area is readily available and
land cost is 1low, stabilization ponds can be the most
economic method of wastewater treatment. The degree of
purification by ponds, both in terms of RBIDg 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 1low capital and maintenance costs and need

minimal technical skill and attention in their operation.

=R EN bJ-.l
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Another advantage of ponds over other forms of treatment is
that they do not require continual sludge removal.
Desiudging is only required once 1ln a considerable 1long
period of time. An anaerobic pond needs desludging perhaps
every 3 to 5 years, whereas a facultative pond may only
need that every 10 to 15 years if it is preceeded by an

anaerobic pond(lq).

However, climatic conditions are an
important consideration, as ponds are much less efficient
in cold weather when bacterial metabolism is slow; also the
possibility of an ice cover exists. Another major
disadvantage 1s that the effluent from a series of
stabilization ponds will be heavily laden with algae. This
can increase considerably the BCD of the effluent,

sometimes by a factor of two 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 will be involved. 1f
the reason for selecting stabilization ponds in treating
wastewater {s because of their simplicity and low cost in
beoth 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 will produce an effluent with complete
elimination of protozoal cysts and helminth eggs, retaining

only a very small fraction of excreted bacteria and

10



virusesw). Bacteria and viruses can also be completely

eliminated 1if a retention time of 40 days or more is

allowed(g}.

Stabilization ponds, however, can be
favourable sites for mosquito breeding, particularly in
reeds and weeds near to the banks. Mosquitoes serve as
vectors for diseases such as malaria, filariasis and yellow
tever. Consideration must be given as to whether or not

ponds may be employed as treatment alternatives if these

diseases are endemic.

2.3 Aexated Lagoons

Aerated lagoons resemble small stadilization ponds

(about 1/10 the size(l7))

but usually with surface
mechanical aerators supplying oxygen for the biochemical
mechanism taking place in the lagoons. They are more
correctly considered as a simple modification of the
activated sludge process (about B8 times the size(lz'IT) of
a conventional activated sludge plant) and without sludge
return system. Primary settlement, as with stabilization
ponds, is not necessary for aerated lagoon treatment
system, Retention time for lagoons is 2 to 6 days and
lagoon depths are 2 to 4 m. There are twe 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 aeratcrs and therefore

11




secondary settlement 1s reguired. 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 tut 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'%’.

The two types of aerated lagoons can be put in series,
normally withﬂfully-suspended one followed by a partially-
suspended one(l3'21). Retention times of the two lagoons
can be expressed as dependent variables in equations with
BODg 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 independent variable.

12
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BODg removal by aerated lagoons can be 90% or higher,
depending on the length of retention tize. For pathogen
removal, the efficiency is somewhere 1in between that of
stabilization ponds énd conventional activated sludge
treatment plants, aerated lagoons have a better pathogen
removal capacity than activatead sludgel processes but a

(9)

lower one than ponds The pathogen removal efficiency

of activated sludge will be discussed in Section 2.5.

2.4 Biofiltration

Biofiltration is a secondary treatxent process and
must be preceeded by primary settlement. The biological
{or percolating or trickling) filter 1is 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 with greater depth), contained in a
brick or coﬂcrete structure. Settied sewage is
perlodically dosed onto the surface of the fllter and
trickles down over the surface of the medium. On these
surfaces, a blological film is formed which oxidizes and
hence purifies the settled sewage as it flows through. The
loading of the filter is normally measurzd by either the
"hydraulic loading" or the "BODg loading”. The hydraulic
loading measures the volume, in m3, of settled sewage that
is applied to each cubic meter of the filter media per day.

The BODg loading measures the kilograms of BODg applied per

cubic meter of media per day. The BODg loading 1s more

13



commonly used nowadays. For a «ccnventional simple
biofilter, a BODg loading of between atout 0.07 and 0.10
kg/m3/day is applied(zol. Thus, a simple biofilter 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‘lz).

It is, however, about 15 times smaller
than a stabilization pond. Biofilters reguire sludge
handling facilities which increase both the capital and the

running costs of biofiltration plants.

Modifications to the above-described simple biofilters
have tended to lower the volume of <the €filter media
required (ie. to 1increase the BODg 1loading). 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
BODs/m3/day(20). In applying recirculation, a portibn of
the purified and settled effluent is retuzned 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 filterz are operated in
series. The intermediate effluent from the first filter,
after settlement; is applied to the second filter. 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

14



using the modified forms of bloflltration, the land area
requirement of the plant can be reduced to about 3 times
the size of a conventional activated sludge plant“‘z} due
to the higher loading rate and the smaller volume of media

reqgquired.

Percolating filters are quite efficient at removing
BODg and s.s. (85% to 95%) from municipal wastewaters, but
they do not appear to be efficient at removing wviruses
(only about 30% to 40%1(9). Removal efficiency o¢f about
85% for bacteria and protozoal cysts can be achieved by
biofilters, but much lower removal rates for helminth eggs
are zeportedw). In general, effluent from biofiltration
satisfying "Royal Commission Recommendations™ will be of
poor microbieclogical quality 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.

1£{ 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.qg.

1.11 kg BODg/m°/day’®’

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% wvoids} in tall towers rather than the usual stone

15



media (40% voids) so that the loading rxate can be as high
as 2.0, 4.0 and even 6.0 kg BODs/m3/day(8’20). 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. Recirculation can be incorporated in such so

called double filtration systems(e).

2.5 Activated Sludge Process

Activated sludge process is a secondary treatment and
therefore, simllar to biofiltration, must be preceeded by
primary treatment. The settled sewage flowlng 1into an
aeration basin (also termed reactor or mixed-liquor tank)
contains organic polluting material (BOD) 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 BOD, producing new
microbial cells and at the same time reducing the organie
pollutants. The mixed-liquor in the reactsr is in the form
of bioleogical floc and  is continuously transferred to a
clarifier (secondary settlement) for gqravity separation of
the £floc and discharge of the clarified eifluent. 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

facilities.

16



In the conventional actlvated sludge process,
atmospherlic oxygen is supplied by either surface-aeration
(ie. mechanical agitation) or diffused-aeration to the
settled sewage, This 1is 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(s'lS).
The suspension in the reactor, as previously mentioned, is
then led to a secondary clarifier in which the secondary
sludge (mainly living antdead micro-organisms) is allowed
to settle. The supernatant from the secondary clarifier
(or £inal effluent) 1is thus highly purified, usually
attaining 95% or higher BODg 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-oiganisms
{usually referred to as MLVSS or mixed-liquor wvolatile
suspended solids) in the reacteor 1is maintained. The
surplus secondary sludge and the primary sludge are handled
together in the sludge treatment and disposal facilities

which must be provided with }q\an activated sludge plant.

17



The activated sludge process 1s therefore expensive due to
two reasons: (1) power needed for continual supply of
atmospheric oxygen to the reactors, and (2) provision of
sludge handling facillities. In addition, a high technical
skill is reguired 1in the operation of an activated sludge
plant as D.0Q0. concentration, MLVSS 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 eof air
(le. atmospherilic 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 substantially reduced {but at the expense of
additional oxygen cost). They have a better adaptability to‘

variation of sewage strengths, and possibly produce less

18



sludge than air-based plants(IZ). The slze of a pure

oxygen plant is smaller so the resultant savings in capltal
cost may somehow offset the cost of the oxygen supply.
High-purity 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 reguire 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 COj
{22)

-~

in the mixed-liquor

A deep-shaft plant consists of two vertical shafts
{one called downcomer and one called riser) which are sunk
40 to 150 meters underxrground. Air is injected into the
downcomer at a sufficient depth to cause the mixed-liguorx

(11)‘ The

to circulate at a velocity of 1 toe 2 m per second
non-aerated section above the downcomer ailr injection
position has a lower voidage and therefore a higher density
than the corresponding section of the riser, The
difference in density between downcomer 1liquid and riser
i1iquid above the point of air injection produces a net
driving force and hence the liquid motion in the shaft |is
maintalined. High oxygen transfer efficiency can be
achieved in deep shafts because of three reasons: (1) the

Lad
high pressure (10 to 15 atmospheres) exist@é at the low

part of the shafts, gliving a 5 to 10 fold Iincrease 1in
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solubility of oxygen, (2} the high bubblie 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 BOD strength and are more resistant
to shock loads than conventional activated sludge plants,
Because of the reduction of reactor volume due to their
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 increases with the
increase in plant size. Power consumptisn by deep-shafts
compares favourably with conventional air-based plants.
Lower sludge production rate is achieved. Also, no primary
treatment ts reguired for deep-shaft plants. It 1is,
however, more difficult in separating sludge during
secondary ‘settlement(3), and it requires a very high
standard of technical ability from the operators 1n order

that the process be successfully monitored and controlled.

Activated sludge systems are more effective in
removing viruses than trickling filters and up to 90%
removal efficiehcy can be achieved‘gj. Similar efficiency
is also reported for removing bacteria. 1In respect of the
removal of helminth eggs and protozoal cysts the activated

sludge process is, however, inferior to biofiltration, but

a considerable proportions of the eggs may be removed in
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the secondary clarifiers. On the whole, effluents £from
activated sludge plants are of marginally better gquality
than those produced by bioflilters, but still contain
significant numbers of any pathogen £found 1In the raw

sewage(g).

2.6 gSmall Treatment Plant

Small treatment plants are usually speclally designed
plants tailored to treat wastewaters from small communities
of perhaps 5000 population equivalent or less. There are
totating 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
contacters use a moving media (zotating 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 horizontal shafts are partially
submerged in the sew;qe so that organisms may adhere to the
discs surfaces where they multiply. Due to the rotation
{0.5 to 3 reveclutions per minute) of the discs, the

blological slimes adhering to them are alternatively

21



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 characteristics enhance the efficlency of thé
system. Secondary settlement 1is reguired after the
process. RBCs are simple to operate and require little
maintenance or supervision and hence require low operating
and power costs. Capital costs can also be low in some
parts of t.he world .e.g. Taiwan, Hong Kong and Thailand}.
with the increasing popularity of RBC plants, the discs are
being 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 guality effluents. This treatment process |is
increasingly employed these days and the use of it is
sometimes not 1llimited to populations of less than 5000
persons. Pathogen removal by RBCs has not been studied but

it is believed that it i1s about the same as for blofilters.

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 which 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 with
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horizontally rotating aerators and were originally operated
on perlodic aeration, settlement and effluent withdrawal
basis. Modifications such as "twin-spur”", "split-channel"

and "alternating double" Pasveer ditches“'a'lg)

were
brought into use later +to allow continual effluent
withdrawal from the ditches without having any secondary
settlement units. If secondary settlement 1is 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(ls).

They are usually constructed together
with secondary clariflers. In general, the advantages of
oxidation ditches are that primary settlement is eliminated
and that sludge production is 1low. Secondary settlement-
can also be aveided in the cases of twin-spur, split-
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
reduired 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 result of the increased retention time slightly lower

survivals may be achievedtg).

Oxidation ditches, 1like
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~-stabillization system. The former requires long
aeration time (24 to 48 hours) and the latter 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 efficlency and the performances are
designed to be less sensitive to regular maintenance than

(17)

conventional activated sludge plants Yat, the

technical ability required to run these plants 1s still

fairly high --- higher than both the RBC plants and the
oxlidation ditches. Saving 1in capital cost ({(but not
operating cost), however, is possitie because the
components are standardized and produceéd in mass. Such

plants are perhaps appropriate for small 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
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believed to be similar to that of conventlional activated

sludge process.

2.7 Land Agplication

Land application 1is any treatment technique which
utilizes the interactions between natural soil and

vegetation and wastewaters to upgrade the quality of the

wastewater. It can be <classifled into three main
technigues: irrigation, overland flow and |Iinfiltration /
petcolation(B'IS).

For irrigation, wastewater 1is 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 ﬁsually provided(IS). Therefore, the wastewater applied
to the land for irrigation usually passes through either a
primary clarifier, septic tank or anaerobic pond before
application. 1If the soil is suitable, saﬁ%ble crops may he
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

(8)

border-strip flooding The groundwater level must be at

least 0.75 m from land surface(ls).

For overland flow, wastewater is fed onto and allowed
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to flow across gently sloping areas covered with natural
vegetation but below which the subscil is impervious.
Primary treatment for the wastewater 1is optional in

overland flow application(IS).

Biological treatment occurs
as the wastewater contacts with the vegetation and the
soil. The treated wastewater 1s then collected in ditches
at the lower 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

al®l

permanent in covering the 1lan . Groundwater level |is

not a critical factor when this technique is used‘ls).

With the infiltration / percolation technique,
wastewater is applied to permeable soils. Primary
treatment, 1like irrigation, is usuvally necessary in

applying this technique‘l®’.

The treatment occurs as it
percolates through the soil. Wells may be installed to
intercept the treated wastewater which is then extracted
for reuse. A high level of wastewater purification can be
achieved by the method. Vegetation growth is usually not

(18}

encouraged in this technique Groundwater level must

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

acceptable if underdrainage systems are provided(ls}.

Loamy soils are best for irrigation; clays or clay-
loams are best for overland £flow; and well drained sandy

soils are best for infiltration/percolation. Usually, a
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very large land area 1s required in appiying land treatment

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

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

(8)

for infiltration/percolation Therefore, the technigques

require even a much larger area than stabilization ponds,
which, for the same treatment capacity (ie. 1000 m3/day),
requize about 1.5 Ha to 3 Ha ¢f land. 1t should be noted
that the constituents retained in the soil may accumulate
to cerxtain levels so that rest periods (about 2 to 3 weeks)
are essential to allow the accumulated bliodegradable
organic matter to be broken down. It is possible that
after a long pericd of time, when the toxic constituents
retalned in the so0il have accumulated to intolerable
levels, the 1land is no 1longer suitable for further
wastewater application. This is another drawback of land
application technigue, 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 BODg and s.s. removals, and are efficlent
in removing nitrogen and phosphorus. Bacteria and viruses
will also be removed(IS). Protozoa and helminths are not
reported but it is believed that they will also be removed
by passing through solils. 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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(especially irrigation) may lead to the creation of a foul
and unsanitary hng 1£ poorly manaqged, resulting
fly/mosguito nuisance. A high level o©of technical control

iz therefore essential.

2.8 Tertia Treatment

Tertiary treatment is a collective name given to the
process used to improve the guality of secondary effluents
from conventional treatment plants. BODg and s.s levels of
the secondary effluents can be substantially reduced
fnollowing tertiary treatment. Rapid sand filtration is one

of the tertiary treatment techniques and is usually applied

in large treatment works. It has been conventionally
operated at hydraulic 1loadings of between 120 to 140
m3/m2/day[l4} but higher rates are now commonly emploved.

The filter consists of a bed of sand (1 mm to 2.5 mm
grading) of about 1.5 m depth supported on an under-
drainage system provided with facilities for back-washing.
Reduction in s.s. ranges from 6%% to 85% with an associated
BODg ramoval of about 50% from a secondary effluent(lq).
Because of the short retention time, 1little biological

activity occurs and thus the ftechnigue is not expected to

achieve much nitrification or pathogen removal.

Slow sand filtration, another tertiary tr=aatment
technique, which has been emplovyed in small works, |is

operated at a hydraulic 1lecading of only 3.5 to 7
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m3/m‘/day(24). The filters are usuvally 2bout 0.5 m Adeepn,

consisting of a layer of sand resting on 3 layer of coarse
aggregates which 1in turn rests on a srstam of drainage
pipes. Construction is simple and hence ctheaper 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 neaded by the rapid saznd filter. Slow
sand filters also require lower operation and maintenance
costs and lesser attention than that €£ar rapid filters.
They can be expected to remove 6€65% to 90% of s.s. and 6K5%

(2
to 75% of BODg from a secondary effluent )

Significant
binlogical activity occurs in these filters and therefor=
high pathogen removal efficiency (u=sually above 90%) can be

achieved(24}. -

Microstraining, a tertiary treatment technigue too, is
good for removing s.s. but less good £fs5r BOD. Reported
ramovals range from 35% to 75% s.s. and 12% to 50%

Bops (20

Little pathogen removal can be expected from
microstraining. It is, therefore, not 3 very <=fficient
"polisher" of secondary effluents from this point of view.
The advantage of using microstrainers 1is that they need

only very small installation space z2nd ca~ be easily placed

under cover, thus rendering them suitable for large works.

Other tertiary treatment technigues include uypward-
flow clarification (pebble bed clarifiers!, land treatment

(overland flow on grass plots or infiltration for
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collection 1in underdrains(gi

) and maturation lagooning.
Tertiary treatment processes were not orlginally designed
for pathogen removal but for "polishing" secondary
effluents, particularly for the removal of reslidual
suspended sollds,. However, some of them (slow sand

filtration, land treatment and maturation 1lagooning) do

have very qgood pathogens removal characteristics.

Another advance in effluent polishing is the use of
nitrifying filters. In certain treatment processes (e.q.
high-purity oxygen system or deep-shaft) only carbonaceous
oxidation is achieved but not nitrification. In order to
upgrade the secondary effluent and to nitrify it
completely, nitrifying f£ilters may be emploved. They are
similar to conventicnal biofilters but are deeper (or
taller), being about 3.5 to 4 m in depth. The increased
depth 1is acceptablé because of the low coﬁtent of the
carbonaceous blodegradable material in the effluent applied
to the fillters which limits the demand for oxygen in the
process compared with that of orthodox bilofiltration. For
the same reason, finer grades of media can be used in the
filters. Nitrifying bacteria (different from those for
carbonaceous oxidation} will grow on the =media, but unlike
copventional biofilters, 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 tertlary treatment technigues 1include
chemical <clarification, recarbonation, activated carbon
adsorption and regeneration, demineralization {reverse
osmosis, electrodialysis and ion exchange) and so on(5'20).
Since these latter techniques are rarely necessary and
generally not cost-effective for 1large scale use in
treating municipal wastewater (at least in the context of

this research), they will not be discussed and will not be

considered in the proposed model contained in this thesis.

The above is a brief survey of existing wastewater
treatment techniques which are commonly |used. The
formation of decision varliables/treatment alternatives (see
chapter 4) for the proposed optimization model will be
based on these various techniques. In the next chapter
({ie. Chapter 3), a survey of the existing treatment system

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

3.1 Lipear Programming Qotimization

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.

al.(l?)

were the first, in 1962, who attempted to use the
method of operations research or system analysis technligques
to optimally select treatment processes for a wastewater
treatment plant. In this filrst attempt, a 1linear
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:

~
X; —=(T) — X
: —®

(Node ]I: influent, Neode 1: primary sedimentation with 859
gpd/ft', Node 2: primary sedimentation with 1700 gpd/ft

Node 3: activated sludge, Node 4: percolating filter,
Node E: effluent)

Fig. 3.1: Linear Programming Model on Treatment Process
optimization by Lynn, et. al.
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The linear programming model for such a sy3tem is:

4
Minimize Te = > Cjjr (X355 Ej5)
j=1

subject to:

2 Xrj = Xj i 3 =1,2

j

E-XiE § Xg ; 1 = 3,4

i

SXi5- X330 =0 3=1,2,3,4

i%3 _

(1 - &5) X350 =~ 2 X3 =0 ;i 3 =1,2,3,4
k%3

and Xjq 3 0
where
Te = total costs

Cj4+ = cost to treat 1 kg of BOD applied to the 3jth
process.

X545+ = the quantity of BOD (in kg) agplied to the unit
process j.

Xjj = the quan;ity of BOD (%n kg) flowing from
process 1 to process J.

€5 = the fraction of BOD removal in process 3.

X; (influent BOD) and Xg (effluent BCD standard) are
given gquantities. :

The model can, of course, be solved 3y any one of the
many computer packages available on the market for
analyzing linear programming problems. The solution for
the example was that only primary sedimeatation with 850
qu/ftz‘(Node 1) should be used for meezing the required

standard with which the processing cost could be reduced to

a minimum.
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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 o¢f funds
available, (c) the amount o0f funds needed to be borrowed,
{d) a per 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 Dypamic Programming Optimization

Linear programming techniques were soon 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 1linear programming, there is no
standard formulation of a specific dynamic programming

problem(l4).

It is a strateqy of optimization that
simplifies the decision-making process for a serial system
{or system in stages). The procedures in dynamic

programming sulitable for analyzing wastewater treatment
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serial systems can, however, be generalized as shown in

Fig. 3.21%),
Ynij Y({ﬁ-ﬂij Yffij i
Spi N Sin-i N_1_S_(2:§i’_ ______ 2] 1 ST Ny __S_CL
4 f
Xnj X(n-1j X2j . X1
{S = input state, X = decision variable, Y = return)

Flg. 3.2: Diagrammatic Presentation of A Dynamic
Programming Problem

Each step at which a decision is made is called a

stage and there are N stages in the diagram. For each
stage a return, Ypj5 (n = 1,2,...N), serves as the
objective function 1in the optimization. In wastewater

treatment alternatives optimization, the objective is
usually to minimize the treatment cost. According to the
Bellman's principle of optimality (l),_a serial system 1is

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 llnput state
813 1is assumed and held constant while the decision

variable X35 is varied. For each value of X35, there will
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be an associated return Ylij' The minimum cost m;; is the

minimum of the values of ¥Yj;;5 for different Xj5, and my; is
associated with decision Xpjr. If the above procedure is
repeated for a number of different input states S33;, the
result will be information that glves the minimum costs mqyj

as a function of the input state, and each value of mj;

will have associated with it a decision Xj35'.

After the suboptimization of Stage 1, Stage 2 must be
suboptimized with respect to, firstly, the input state Sj;.
From the informatlon, giving my; as a function of 5,3, the
value of myj; assoclated with each decision X5 made in
Stage 2 can be found. The total return associated with
each decision X245 1is the return of Stage 2, Y2ij; plus the
minimum return of Stage 1, mj;. Having obtained Yp34 + myj
for a number of values of X249, the minimum value mp; (le.
minimum of Y34 + my3) can be selected. If the procedure
is repeated for a number of input states Sjj, the result
will be information that gives the minimum costs of stages
1 and 2 together, mpj;, as a function of S3y, with each

value of mp; associated with it a decision Xj4¢.

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 Spj. If Spj is fixed (ie. a given quantity),
the minimum overall process cost is also fixed and the

optimal decision for stage N and all the others are known.
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(123

Grady gave an example, in his paper of 1377, of

the application of dynamic programming to optimize an

activated sludge process as shown in Fig. 3.3 below:

Yaij:cosf Yzijzcoﬂ Y“j:cosf
Primary } Fmnal I
Sedimentation  Aeration Sedimentation
S3i — 183 [T So
. 2i 511 =SS conc.
= waste _
strength = wasfe = MLSS (standard given)
(given strength conc.
quantity)
Xy, = efficiency X, =MLSS  X;. =recycle
3] of ss. 2] conc 1] ratio
removal
Fig. 3.3: Process Optimization Using Dynamic Programming

The method of solution, as already described, can be

expressed mathematically as follows

(3,4),

Ynij = Yp{Xpj,Sni)

Stn-1)i = Tnh(Xpnj,Sni)

where
In
Tn
n
it Y
Y

= the cost function of nth treatment process
= the performance function of nth treatment process
= 1,2,..... N (N=3 in this particular example)

= total system costs, then

=z

= 2 Ynij
n=1

N

= > Yp(Xp4,Sni)
n=1
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If By 1s defined as the total subsystem costs up to
stage m such that
m
Bp = > Yn(Xpnj,Spni) m=1,2,...,N
=l

then  Bp = Bp(X15,X25+--++XmjsSmi)

1]
o
s
o

=)

i

= Ym{Xnj,Smi) * Bp-1(X15.%X25,.«+X(m-1)3,S(m-1)i!

is the optimal total m-stage subsystem costs with input

Cm-1(S(m-1)i) € Bm-1(X13,X25,-++,X(m-1)5,S(m-1)1'

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

Min
: Min
or Cm(Smi) = Xnj{¥m(Xmj-Smi! +* Om-1(Tm(Xpy3,Smit 1l

and for the entire system, the optimal treatment costs,
Ymin, will be:

Min
Ymin = Xyj {¥y (Xnj, €) + Gy-) (Ty (Xyy, €)1}

where Syi3 = C = a glven guantity {usuvally the guality of
incoming sewage to plant)

In using dynamic programming, one trend has been to

optimize the design of a single and prefixed system of

k(lZ).

treatment processes, such as Grady's wor The other

trend has been to optimize treatment systems by selection

from among many alternative processes, such as the works by

(4) REEY

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

. (3)

Chia & DeFilippi (1970}.
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In Chia & DeFilippi's dynami¢ programming, percentage
of BOD removal was used to be the input state S,; at stage
2 at which treatment alternatives were to be selected.
Alternative treatment processes with a range of treatment
efficiency for each process were used as the decision
variables X25. The results obtained from the dynamic
programming model would indicate the type o0f 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
filtzatioﬁ, (e) activated sludge, (£} 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 fiow conditions:
plant sizes from 0.5 mgd to 8.0 mgd. In contrast to Chia
& DeFilippi's model, percentage of BOD removal was used as
decision variable X35 and s.s. as input state S,;. The
objective was, of course, to minimize total treatment

costs.

3.3 Non-linear Progrxammjing Optimization

Another approach, besides 1linear 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 problems involving treatment costs can be

generalized in the fellowing Eormat(lgj:

Minimize 2 = £(X1,X2,...,Xp}  ——=-==-=-- {0)

subject to

91(X1,X9, -0, Xg) § Ly mmmmmmmmmmmmmeoe (1)
g92(X1,X2,«..,Xp) 2 L  -m-mmmommooomeo-- (2}
gm(lexz,p‘--'xn) = Lm _________________ (m)

Eguation (0), the objective function (or the cost
function) is egual to the total costs c¢f the wastewater
treatment system. The total costs is the sum of the

(21,25)

capital costs and the present worth of the annual

operation and maintenance costs for a given discount rate

and time horizon (24). The decision variabies X1, X2,

-2

Xn, are gquantities describing the system such as tank

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

Equations (1), (2},..., (m) are constraint equations
which set 1limits for the performance functions of the
decision variables. They are derived from limitations on
equipment, space and other 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) (2,5,6,7) (15)

{1976), CIRIA (1976), Lauria, et.al.

(1977), Craig,et.al.‘®’  (1978), Rossman(22]

(20) (9)

(19801,

Narbaitz & Adams (1980) and Dick (1984), used
different cost functions in formulating the objective
function as well as different performance functions in
formulating constraints. However, all mcdels have a common
feature that there is an objective function which minimizes
total treatment costs followed by constraints which are

mathematical expressions describing treatment performances

and so on. These cost functions and performance functions

can be found in the works by Smith(23) {1969), Lawrence &
McCarty(ls) (1970), u.s.e.p.a. %% (1975), wrc!??) (1977),
craig, et.al.'8) (1978), and Hasit & vesiiina{?3) (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.), RSSRSSRt {Narbaitz & Adams), and Powell's

hill-climbing algorithm (CIRIA and Dick).

It is worthwhile teo note that all non-linear
programming models developed before Rossman (1980) were for
optimizing the design of a single pre-structured stream of

e e e e R et S e e e M L e L e e e e SR dr m e e N e M e . R e e M M M W MR e A e o e

* Random Search with Systematic Reduction of the Size of
Search Region
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treatment system.

by selecting alternative treatment process streams.

They were not used to optimize systems

Oonly

r——

until Rossman and later researchers, the models developed

)

were capable of selecting optimal treatment alternatives.

This was

accomplished by the

decision wvariables

become one

that there are N stages
alternative treatment processes at any stage

for selection, and zjj

of non—iinear

in

the

integer

introduction

constraints

of
so the

programming.

is 1 if alternative J 1s chosen at =stage |
otherwise, then the mathematical tsrmulation
generalized in the following form(22}:
N J
Minimize T, = > 2 2i5 Ci5
i=1 j=1
subject to
J
Xi+1 = 2 zj3 £15 (Xy) ; i=1,2,..
j=1
J
Si = 2 zij 9ij (Xp) ; i=1,2,
j=1
L
XLer = 2 S
i=1
N
X3 = Xp t 2> S
i=L+1
J
2 zj5 =1 ; i= 1,2, N
i=1
zlj-loro ’ 12112: rN & j =
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where
Te = total costs

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

X3 = influent guality to stage 1

Xi+)] = effluent quality from stage i (or influent
gquality to stage i+1)

83 = quality of sidestream from stage i1 (to sludge
treatment stream)

iy = performance function describing how X; is
changed to X;;; at stage i if alternative j is
chosen

gjy = performance function descriting how X; is
changed to S; at stage { if alternative j is
chosen

Ci; = cost incurred by choosing alternative 3Jj at

stage i (C;3 is a function of Xj and Xj4+1)

Xo = incoming wastewater quality to the plant
{given)

The first two constralnts express the stage-wise
transformation of influent waste flows and the generation
of sidestreams. The thizd constraint expresses the
influent to the sludge treatment stream as the sum of the
sludge sidestreams generated in the :iguid 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 efiluent discharges

are not shown in the above but should be included in an
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actual model so that the effluent standard ls regarded as a
flxed design parameter rather than a varlable. A computer
package called "EXECUTIVE" developed by U.S.E.P.A.(lO) 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 Propozed Model

An extensive survey on the development of treatment
system cptimization 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 with time a$ the theory of treatment and the
mathematical tools for system analysis progress in the past
twenty-six years. It is the opinion o¢f 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 technigue (system analysis
other than linear programming, dynamic programming or non-
linear programming) or a different approach, if more

basically, were applied.
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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 minimizling 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 gquestions 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 1includes 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 alternatives by considering, besides 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 ¢f 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 & DECISION VARIABLES

4.1 Problem Definition

In a similar manner to that employed in existing
models, there are one set of parameters and one set of
decisicn variables in the proposed model,. The parameters
are no longer merely flow rates, BOD or MLSS etc. but are
more general or basic descriptions ot technical, economic,
secial, environmental and cultural factors affecting the
appropriate choice of treatment processes. The decision
variables, likewise, are no longer 3just retention time or
percentage of BOD removal etc. but are definite candidate
treatment alternatives from which the optimum one is to be

selacted.

In the proposed model, the quantity and quality‘of
influent and the effluent standard required will be given;
the size and location of the site on which the plant is to
be built will also be given. The problem is to select an

optimal wastewater treatment alternative.

In the following sections, full sets of parameters and

decision variables for the model will be discussed.
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4.2 Parameterxs
4.2.1 1Identifying and Describing The Parameters

There are 20 parameters in the model. They are:

1. Flow
2. Influent / Effluent
3. 8Size 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 maferial
12. Cost of operation and maintenance

13. Professional skill available for operation and
maintenance

14. Local technical skill available for operation and
maintenance

15. Administration set-up
16. Training

17. Prokesalonal ethics
18. Climate

19, Local water-borne diseases

20. Endemic vector-borne (water-related) diseases
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Each of the parameter above i3 assoclated with a set
of indicators which give detailed explanations on the
relevance of the parameter. The indicators corresponding

to each parameters are listed below:

Parameters Indicators

1. Flow a. Maximum design flow

b. Variation in flow on daily
basis

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

2. Influent/Effluent a. Strength of influent

b. Vvariation of influent
strength on daily basis

¢. Variation of influent
strength on long term
basis

d. Effluent standard required

3. 8ize of site a. 8ize of land available
b. Possibility of future
extension
4. Nature of site a. Topography
b. Possibility of floecding

c. Proximity to sludge
disposal facilities

d. Ground water level

e. Proximity to municipality

5. Land cost a. Cost of land for plant
construction
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10.

11.

12.

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
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Cost of -onstruction in
local cuirrency

Availability of fund

Cost of -onstruction in
foreign currency

Availability of fund

Avalilability of local
skill

Level of local skill

Religiorn or tradition
affecting hygiene
practices and technology
choice

Willingnz2ss and enthusiasm
of community / politician
to improve the existing
wastewater treatment
facilities

Educational level of the
general gublic and their
attitude towards public
health

Availability of power
source

Reliabilizy of power
source

Availability of local
material and components
for plant operation and
maintenarnce '

Ease of cbtaining the
components

Continuins availability of
operatior and maintenance
fund



13,

14,

15.

1s.

17,

18.

Professional skill
available for
operation and
maintenance

Local technical
skill avalilable
for operation and
maintenance

Administration
set-up

Training

Professional
ethics

Climate
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Avajilability of
professional skill to
operate works

Level of professional
skill to operate works

Availability of local
technical skill to operate
works

Level of technical skill
to operate works

Ability of local
administration set-up to
adequately support the
work's coperation

Likelihood of upgrading or
at least maintaining
present professional skill
level

Level of training at
present for professionals

Likelihood of upgrading or
at least maintaining
present technical skill
level

Level of training at
present for techniclians

Commitment to the Jjob of
professionals

Commitment to the job of
technical staff and
supporting staff

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

Intensity and amount of
rainfall



c. Length of dry season

d. Intensity and duration of
sunshine

19. Local water- a. Infectious hepatitis
borne diseases
b. Diarrhoeal diseases

€. Cholera, typhoid

d. Amoebic dysentery

e. Human round worm and hook
worn, fish-borne parasites

{(Clonorchiasis), Schistoso
miasis (Bilharzia)

20. Endemic vector- a. Yellow fever
borne (water-
related) diseases b. Malaria

c. Filariasis

The above 20 parameters will be the basis £for the
selection of the most appropriate treatment alternative.
The selection process will utilize a recently developed
operations research technique named eigenvectorx
prioritization 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 8Significance of The 20 Parameters

The parameters were selected based on (1} the

experience of the auther, (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
ma/day) may not be suitable for treatment by small/package
plants or stabilization ponds. On the contrary, a small
flow (e.g. 100 m3/day) is not suitable to be treated by
activated sludge deep shaft process. Variation in flow or
shock flows can be accepted by certain 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
(Parameter 2) is an importanéé 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 1loads 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 wastewaters. Size
of site (Parameter 3) is, without guestion, another very
basic and essential technical consideration, as some
treatment alternatives {e.g. stabilization ponds and 1land
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 technlcal factor. For example, a site with
high ground water table is not suitable for constructing
ponds or applying infiltration (land treatment), nor these

re—————i T

alternativeg_iii suitable to be adopted to build on sites
which are not isolatelenough. Whether the site is near to
sludge disposal sites also affects the choice, for certain
treatment alternatives (e.g. ponds) do not reduire regular

sludge disposal and hence are more advantageous than other

methods in that respect.

Parameters 5 to 7 are economic factors concerned with
tapital cost. Land cost (Parameter 3) 1is considered
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 1land 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) 1in
general refers to the cost of civil engineering works
incurred in local currency and that of eguipment supplied
locally to build 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 consideread

separately from the construction cost incurred in 1local

54



money because this parameter may be crucial for situations
in which there 1s a lack of foreign currency or stringent

control of foreign exchange.

Local skill for construction (Parameter 8) 1is a
subjective factor because skill is something difflicult to
quantify. The complexity of the construction technigques
required for building a wastewater treatment plant must be
compatible with the level of the local skill available for
the construction. This ﬁactor is important in order to
avoid 1later troubles aris;% from bad construction (e.gq.

leakage etc.}) when the plant is in operation.

Community support (Parameter 9) is a social factor.
It is concerned with the attitude of the users of the
treatment facilitlies, 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 technelogy? 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 malntenance. The avallability and rellability of power
supply {(Parameter 10) to the treatment plant are most basic
to certain more advanced treatment techniques and are
therefore of paramount importance as the selection
criteria. The availability of local material and
components (Parameter 1l1) 1is essential forx plants to be
built in remote sites, particularly in developing
countries. The avallability of construction materials
({e.g. pipes, cement ete¢.) for plant maintenance and the
ability to make locally the mechanical parts of the
machinery used in the plant, or i{f not, the ease and speed
of reordering them from places of origin ¢r otherwise, can
be significant in the smooth operation of a treatment
plant. GCperation and maintenance costs (Parameter 12)
differ for different treatment alternatives. The more
sophisticated treatment alternatives (e.g. high-purity
oxygen plant) reqguire much higher operation / maintenance
costs than that of the 1less advanced ones (e.q.
stabilization ponds), and therefore the former should be
avoided when the £funds are limited. 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 availablility 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. This parameter, therefore, should be
cne of the most important considerations :a the appropriate
technology selection. Professional anZ technical skill
available for operation and maintenance !Parameters 13 and
14) are again subjective factors. These parameters must be
considered because the level of the treatment technology
chosen must be, similar to Parameter 8, c-mpatible with the
level of the skill of the professionals and the technicians
who will look after the treatment plan:. The two ({ie.
professional and technical) are cons:Zered separately
because experience reveals that there are cases where good
professionals do not always have gcoé local technical

supports and vice versa.

The ability of the 1local admiristration set-up
{Parameter 15) which 1looks after the tlanning 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 responsible for Planning and for izplementation for
situations where these two functions are rot discharged by
the same body is a question of some impertance. For the
administration set-up which implements, whether or not
those who design and construct are sufficiently aware of
the problems usually faced by those +ho support the
operation and maintenance is again a vita: guestion. {The
effectiveness of the operation and maintenance arrangements

is wusually a more significant test of administrative
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capability and poor maintenance performance is often the
first signal that the administration set-up is inadequate}.
There are a number of additional gquestions that need to be
considered 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 poh@able water and those for the treatment of
wastewaters (the whole water cycle) are grouped under one
administration? Whether or not there is a practicable
legislation on water quality control with adequate
enforcement of the legislation so that tr= design influent
quality to the treatment plant will 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, the more sophisticated the
technology of treatment is, .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 1indirect 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 wunder consideration must be able to

maintain / upgrade the professional / technical skill.
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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 1s something which should not be
neglected, particularly in a situation where the quality of
training is declining. Professional ethics (Parameter 17)
is a wvery sensitive parameter but is, indeed, very
important in selecting appropriate treartment technology.
Are the operating staff committed to their job? Do they
incline to avoid responsibilities? Is it usval to find
them taking unnecessarily long breaks for dzinking coffee
or doing irrelevant things during their w:rking hours? On
the other hand, is corruption a serious problem in the
situation wunder 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 =aid that a 1less
knowledgeable person with good ethics 1is no worse than a
more knowledgeable one but without. The author completely

agrees with this view.

Parameters 18 ¢to 20 are environmental factors.
Climate (Parameter 18) is an important consideration as
certain treatment alternatives are only suitable in hot or

dry climates. The prevalence of certain water-borne
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diseases (Parameter 193) and/or vector-borne (water-related)
diseases (Parameter 20) describes the general sanlitary /
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
higher percentage of bacteria can be removed. But if
infectious hegtzitls or diarrhoea (diseases due to viruses)
are the hazard causers, then activated sludge process would
be preferred to percolating filtration (see page 20) 1in
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 geﬁeral,
diseases described in Parameter 19 are transmitted mainly
by contacting with waters, whereas those described {n
Parameter 20 are transmitted mainly by vectors. The former
is significant if the effluent from the selected treatment
process Iis 1likely to be in contact with people either
directly or indirectly; the latter is significant if the
treatment process is located near to where people live so
the diseases will be easily transmitted to people by
vectors. This may be a vital factor in deciding for or

against the use of stablilization ponds.
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The above is an initial discussion of the significance
of the twenty parameters to the selection of appropriate
wastewater treatment technology for a given situation.
Further discussions on these parameters will be found in

Sectijon 6.3 of Chapter 6.

4.3 Deciszion Varxiables

The decision wvariables, as mentioned before, are sets
of treatment alternatives. Altogether, 46 decision
variables have been formulated. Where not otherwise
stated, all of them are assumed to have Iincluded prior

preliminary treatment and they are:

A. S8tabilization Ponds

l, 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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10.

11.
12.

13.

Septic¢ tank + Fully-suspended aerated lagoon +
Partially-suspended aerated lagoon

Anaerobic pond + Fully-suspended aerated lagoon +,
Partially-suspended aerated lagoon

Partially-suspended aerated lagoon
Septic tank + Partially suspended aerated lagoon

Anaerobic pond + Partially-suspended aerated
lagoon

Biofiltration (humus tanks/final clarifier included)

14.
15.

16.

17.

18.

19.

20.

21.

22.

Primary clarifier + Simple percolating filtration
Septic tank + Simple percolating filtration

Primary clarifier + Simple percolating filtration
+ Tertiary treatment

Primary clarifier + Percolating filtration with
recirculation

Septic tank + Percolating filtration with
recirculation

Primary clarifier + Percclating filtration with
recirculation + Tertiary treatment

Primary clarifier + Alternating double filtration

Primary clarifier + Alternating double filtration
+ Tertiary treatment

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

Activated Sludge Processes (final clarifier included)

23.

24.

25,

26,

Primary clarifier + Conventional activated sludge
process

Septic tank + Conventional activated sludge
process

Primary clarifier + Conventioconal activated sludge
process + Tertiary treatment

Deep shaft
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27.

28.

29.

Deep shaft + Nitrifylng filter

Primary clarifier + High-purity sxygen activated
sludge process

Primary clarifier + High-purity oxygen activated
sludge process + Tertiary treatment

Primary Settlement -

30.
31.

32,

Land

33.
34.
35.

36.

Primary clarification
Anaerobic pond

Septic tank

Application

Primary clarifier + Land applicazion
Septic tank + Land application
Anaerobic pond + Land application

Land Application

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 + Tertlary treatment

Package Activated Sludge Plants

43.

44.

Package activated sludge plant

Package activated sludge plant + Tertiary
treatment
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45. Package high-purlty oxygen plant

46. Package high-purity oxygen plant + Tertiary
treatment

4.4 Hierarchiecal gtzucture of Decision Varjables

The hierarchy of the decision variables has, in fact,

already been partly reflected in the above 1listings. A

diagram (Fig. 4.1) 1{is drawn to show the hierarchical

structure:
Best
Alternative
A B C D E F G H
llll![IW |

a b c ad e £ g h i 3 k 1
1 5 8 14 17 23 26 30 33 37 40 43
2 6 9 15 18 24 217 31 34 38 41 44
3 7 10 16 19 25 28 32 35 39 42 45
4 11 20 29 36 45

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 o¢f a to 1 1is 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. Conventlional activated sludge process
g. Deep-shaft/High-purity oxygen processes
h. Primary settlement

{. Land application

j. Rotating bieological contacteors

k. Oxidation ditches

1. Package activated sludge plants

The 1last category, 1 to 46, consists o¢f all the
individual treatment alternatives which have been shown in

Sectlion 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, orx
from the category o¢f 1, 2, ..... , 46. Examples will be

given in Part III of this thesis.

Further discussions on the decision varlables (or
treatment alternatives) will be found in Section 6.5 of

Chapter 6.
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CHAPTER S5 --- MATHEMATICAL TOQL FOR THE MODEL

S.1 Theogetical Background

The operations research technique used in the proposed
model is called, as already mentioned i{n Chapter ¢,
ejgenvector pricritization (or analytic hierarchy process).

(4,8)

This technique was invented by T.L. Saaty about ten

years ago and the theery was then further developed by his

student L.G. Vazgas(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
o (10,13)
In matrix similarity transformation , Aany n x n
square matrix A can be transformed, by applying Q—lAQ

(where Q is an appropriate matrix‘te,14)

related to A), to
either:
a) a n x n diagonal matrix A if matrix A has n linear

independent eigenvectors where:

A = N, O

‘hn

(A, M,..., A are the eigenvalues of matrix A)
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or

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

(13)

matrix A is defective and has less than n linear

independent eigenvectors where:

"Aﬂ

Since similarity transformation does no>t alter the
rank(l), R(A}), of the matrix A, therefore, the rank of A is
equal to that of A and J, ie. R(A)}) = R{A) or R(A} = R(J).

(1) 4n finding the rank of matrices A

By applying the rule
or J, and hence R(A), the following theorem can be deduced:
if A is any n x n sguare matrix and R(A) = r for r £ n,

then A has r non-zero eigenvaluyes.
5.1.2. Pairwise Comparison Matrix

In assessing the relative weighting of n alternatives,
pairwise comparisons are used which mean that any
particular alternative 1is not compared to all others
simultaneously but rather one at a time. 1If the results of
each and every palrwise comparisons on the relative
weighting of the alternatives are known, the priority of
the alternatives can be found Dby evaluating the priority
vector of a matrix whose elements a3ze the pairwise
comparisons of the welightings. Suppese a set of n
alternatives are to be compared in pairs and the

alternatives are denoted by Alt;, Alt;, ..... . Altp and
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their individual weighting (assumed knswn) by Xj, X,

..... ; Xn respectively, then the pairwise comparisons may

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

Alt,y Alt,  ....... Alt,
Alty 1 Xl eeceeens X1
X2 Xn
Alt> X2 1 . x2
X1 %n
A = . .
Altp Xn Xp @ seeeeen 1
X1 X2

The above is a positive reciprocal matrix, satisfying
the conditions that all the elements are positive and that
ajj = 1l/a4; where ajj and aj; are the elezents of matrix A.
If a column vector X such that the elements of X are xj,
X2, ++.., ¥%n (ie. the individual weightings of.Altl, Altz,
.....  Altp) is introduced, then

AX = nX
and therefore n is, by definition, an eigenvalue of matrix
A and the column vector X an eligenvector corresponding to
the eigenvalue n., The rank of matrix A, R(A), is egqual to
1 as the matrix has all rows equal to 2a8ch other after

applying elementary operations(l)

to it, By the theorem
mentioned at the end of Section 5.1.1, iz can be deduced
that matrix A has only oOne non-zerg eigenvalue, 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 Iis,

Tr(A) = n . As matrix A is a positive matrix and by the
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Perron-Frobenius Theoremtz’s), it is als: known that n is

the maximum eigenvalue of A and that =there exists an
eigenvector, X (the same X}, which has pssitive components

and 1s the solution eigenvector of AX = AX for taking A= 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 {ajji(ajx) = ajx.
or (Xj/%X5)(x45/%K) = xj/Xg. Such perfect consistency is
possible only if we can construct matrix A based on the
weightinés of ipdividual alternatives (ie. X1, X2, ..... ’
Xn). However, in the application of the technigue, this
will not be the case, that is, one can only construct
matrix A first and then find out tﬁe values of x3, x32,

cesey  Xpo This will create inconsistency in the
reciprocal matrix. The following will explain why it is

S0.

Just take a simple example of <comparing three
alternatives. If the relative weighting 2f Alt; and Alt,
is estimated to be 3 and that of Alt; and Alt3 to be 2, it
is not necessarily true that, in reali:y, the relative
weighting of Alt; and Alt3 will be 6 (ie. consistent case).
Take an analogy of three football teams: 1if team 1 beats
team 2 by 3:1 and team 2 beats team 3 by 2:1, it 1is 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:2m AX = nX becomes
one of A'X' = ApauX'. For the positive reciprocal matrix
A'y Amax will not be exactly equal t¢ n and all other
eigenvalues will not be equal to =zero. But from the
Perron-Frobenius theorem, it is known that matrix A' has a
real positive eigenvalue with multiplicity of one which is
equal to Apzx, whose corresponding eigezvector (or called
prioxity vector) has positive components. This priority
vector is not unique and its solutisns differ by a
multiplicative constant(ld). It is therzfore desirable to
have it normalized so that 1ts compenents sum up to unity
and when it is normalized it is unique.

It has been proved by Saaty( 8 )

that Apgx is closer to
n when matrix A' is closer to consistency (ie. A' \|is
consistent if and only 1f Apax = n) and Agay > n always if
A' is inconsistent. The larger the Agp;y is, the more

inconsistent the matrix A' will be.

5.2 AaAn Illustrative Example

(8)

An example given by Saaty is reproduced below to

illustrate how this mathematical technique 1is applied.
Selecting a plan for vacation out of Philadelphia:
with a view to spending a .week on wvacation, four
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places were evaluated in terms of the following criterla:

Fy: Cost of the trip from Philadelphia

Fp: Sight-seeing opportunities

F3: Entertainment
F4: Mode of travel

Fg: Eating places

The places considered were:

S: Short trips {ie.
Q: Queopec

D: Denver

C: California

The comparison matrix

New York, Washington D.C. etc.)

of

the criteria with respect to

overall satisfaction with a vacation plan is given by:

Fi Fao Fi Fyq Fg
Fi 1 1/5 1/5 1 1/3
Fj S 1 1/5 1/5 1
F3 5 5 1 1/5 1
Fy 1 5 5 1 5
Fs 3 1 1 1/5 1
The priority vector of the above positive recliprocal

matrix, Xp, after normalized, is given by:

0.09
0.13
Xp =(0.23
0.43
0.13

The comparison matrices of vacation sites with respect to

the criteria are:
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For F;: Cost

S Q D C
8 1 3 7 9
Q 173 1 6 7
D 177 1/6 1 3
c 1/9 1/7 /3 1
For Fj: Sight-seeing
s Q D i~
S 1 1l/5 1/6 1/4
Q 5 1 2 4
D 6 172 1 6
c 4 174 1/6 1
For F3: Entertainment
] Q D c
S 1 7 7 1/2
Q 177 1 1 1/7
D 177 1 1 1/1
c 2 7 7 1
For F4: Node of travel
S Q D c
s 1 1/4 1/3
Q 174 1 172 3
D 4 2 1 3
c 3 1/3 1/3 1
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Amax = 4.21

Normalized
priority
vector

,\max = 4.34

Normaliz=4
priority
vector

Normalized
priority
vector

Amax = 5,38

Normalized
priority
vector

[}

X3

0.58
0.30
0.08
0.04

0.06
0.45
0.38
0.12

0.36
0.06
0.06
0.52

0.21
0.19
0.41
0.19



For Fg: Eating

S Q D C Amax = 4.08 > n = 4
S 1 1 7 4
qQ 1 1 6 3 Normalized 0.43
priority = X5 = (0.38
D 177 /6 1 1/4 vector 0.05
0.14
C 174 173 4 1

If a 4x5 composite matrix, C, is constructed by using the
normalized priority vectors of X3, X2, X3, X4 and X5 as

columns given by:

0.58 0.06 0.36 0.21 0.43
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 Xp and is equal to

0.29
0.23
0.25
0.24

Therefore, the ranking of the four places obtained is:

0.29
0.23
0.25
0.24

nNoow

and this shows that the four are almost equally preferred,
with short-trips (ie. S} having 4 slight edge over the

others.

In the proposed model of this research work, the
parameters (see Chapter 4) are equivalent tc the criteria

in the example (ie. F;, F2, F3, Fq4 and Fg) and the decision
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variables are equivalent to the vacation sites (ie. S, Q, D
and C). In the model, the decision variables will be
ranked through the evaluation of the 20 parameters so that
a resultant prilority vector (or final ranking) for the
decision variables will be obtained. This will be further

discussed in detail in Chapter 6.

5.3 sujtability of The Mathematical Tool fox The Model
5.3.1 Size of Problem

The objective of the proposed model is to prioritize a
set of decision variables (or treatment alternatives) 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 conslidered, it
is extremely difficult, if not iﬁpossible, for a human
brain to compare the treatment alternatives simultaneously
and prioritize them through the consideration of all the 20
parameters without wusing technigques of system analysis.
The mathematical technique just described provides one with
a systematic procedure that £facilitates comparlisons and
that not only is in harmony with but also supplements the
insufficiency of intuition and human £feelings over large

problems.
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5.3.2 Intangible Factors

Unlike the mathematical techniques used by existing
models as described in Chapter 3, the proposed model, while
applyling 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
inconsistency will occur in the parameter matrix 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 reallty(s'a), and on the

contrary, the reverse 1is true in some cases. In the
application of the proposed model, 1inconsistency in the
reciprocal matrices constructed should be allowed for if a

more realistic result is desired.

One extraordinary feature of the proposed meodel |is
that, while applying the priority wvector 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
technigque must be used to test for consistency. L.G.
Vargas, following T.L. Saaty, published a paper in 1982(11)

in which he 1illustrated that if the inconsistency of a
positive reciprocal matrix 1s 10% or 1less, it can be
accepted that the result of the priority vector is
reliable. The inconsistency ¢f the reclprocal matrix can
be measured by a conéistency index,f&, 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 Jjointly published an article(T) gquestiocning
the reliability of the eigenvector prioritization
technique. They observed that disagreed results between a

— e

right eigenvector (ie. AX = ApgzxX) and a left eigenvector
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(le. X'a = 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 left and right eigenvectors |is
still not £fully wunderstood and is yet to be explained.
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 {f the
inconsistency of the reciprocal matrix is 10% or less.
Therefore, the data matrices for entering into the proposed
model must be consistent enough to yield a reliable 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 wvector 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 Evaluatlion of Prloplty Vectox

In the above discussions, it has been seen that Apgx
is the most important root of the characteristic polynomial

(3,13) of a pairwise comparison reciprocal matrix.

equation
It is the only eigenvalue that is required in the
computation of the priority vector. The Power Hethod(B'G),
a method for finding the largest eigenvalue of a matzix, tis
used in the proposed model for evaluating Apszx, and hence
the priority wvector. As this method requires performing
iterations, a computer sub-routine (see sub-routine 1.1 of
Appendices B.1.2 and B.l1l.3) is written for finding Apax
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 Ap,, calculated

by the above sub-routine.
Now, the theoretical background for developing the

proposed model has been discussed. In 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 Alterngtives

Consider a hierarchy of three levels(s) shown in

Fig. 6.1:

Level 1 Principal Objective
(Optimal Treatment
Alternative}

Level 2 Subordinate Objectives
(Parameters)

Level 3 Alternatives (Decistion

Variables)

Filg. 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 thelir
priorities are derived from recliprocal 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

variables with respect to each parameter can be obtained
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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 wvariables. The

procedures are described as follows:

Step 1: Construct a parameter matrix (called 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

by Xp-

Step 2: 1If there are n decision variables (ie. treatment
alternatives}) to be ranked, a total of m reciprécal
matrices A; (i = 1,2,...,m) of size n x n are to be formed,
each of which consists of elements of pairwise comparisons
of the n decision variables with respect to a single

parameter as objective, that |{s:

Ay = . using parameter 1 as objective
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1 2 ...... n
1
)
Ay = . using parameter 2 as objective
n
12 ...... n
1
2
Ag = . using parameter m as objective
n

Step 3: If X3 (i = 1,2,...,m) is the priority vector of
the corxesponding Aj, them a n x m composite matrix C is

formed by taking X; as columns in C in sequence such that:

The zesultant priority vector, Xo, is the result of the
multiplication of matrices C and Xp, that ls:

Xe = C x Xp
From the result of X,, the ranking of the decision
variables can be obtalned. The optimal treatment
alternative can be selected from the top of the ranking

list.
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2,4,6,8

as shown in Fig.

eigenvector

Intensity of

Impoxtance =  Definition
1 Equal importance
3 Weak importance

of on over anothex

5 Essentlal or
strong lmportance

7 Demonstrated
importance

9 Absolute
importance
Intermedliate

values between
the two adjacent
judgements

Explanation

Two activities contribute
equally to the objective

Experlence and judgement
slightly favour one
actlvity over another

Experlence and judgement
strongly favour one
actlivity over another

An activity is strongly -
favoured and its
dominance is demonstrated
in practice

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

When compromise 1s
needed

Fig. 6.2: Scales of 1 to 9 for paixwise comparisons
(a zeproductlon(5?£ filgure from Chapter 3
)

of Saaty's book

Scale of Pajrwise Comparxison

T.L. Saaty(s,

6.2.
Vazgas(T)

prioritization

remains

proposed a scale of valuves from 1 to 9
With the use of such scale values,

later furxther proved that the technique of

valid provided the

inconsistency of the reciprocal matrix 1s 10% or less. The

warnings glven 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 or disagreed

examples 1llustrating difficultlies
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results quoted in their paper were in general of reciprocal
matrices with inconsistency much higrher than Vargas'

recommendation.

It was recommended by Saaty that the number of
alternatives to be ranked {n) should not be larger than 9
to maintain a reasonable consistency i1f the coefficlents of
the matrix were randomly entered(S). Such a recommendation
was made after he had carried out an experiment on randomly
filled reciprocal matrices. In the experiment, he used 50
random reciprocal matrices for each n (order o¢f matrix)
tested and the n he used was ranging £from 2 to 16. In
other words, he tested 750 (ie. 50x15) 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, 1if 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 coefficient 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 researxch, if the

comparisons of the alternatives are made in a realistic
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manner.

Therefore, it is the autheor's szggestion that a
reasonably good consistency can still be expected even If n
is larger than 9 provided the coefficiernts are not entered
randomly but are entered with realistic and logical
comparisons, although limited inconsistency will still be
expected even though comparisons are realistically and
logically made. Such a suggestion can be proved by
evaluating the consistency of a matrix wvhose 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, howeveg, ére
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 sqguare matrix. Each
and every one of the 20 parameters has been described in
detail in Chapter 4. For easy reference, they are
reproduced below (indicators are negiected to avoid

complexity):
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Parameters

1

10
11
12

13

14

15
16
17
18
13

20

Fig. 6.

Description No of
Flow

Influent / Effluent

Size of site

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 water-related
diseases

3 shows the coefficients of the

matrix which are pairwise comparisons on the

importance of the parameters.

to be 20.56.

Indicators

parameter

relative

Amax Of the matrix is found

The consistency 1index /4 (see Section 5.3.3)
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PARAMETER

86

12 3 4567 891011 12 13 14 15 16 17 18 19 20
1% 2444 s5¥ s 3 5 5 55 3 2 3 3

2| 11 4777 993 9 5 9 9 g 9 4 5 5

3 1 4777 993 9 5 9 9 9 9 5 4 5 5

‘ 1333 4434 2 4 4 44 2 1 2 2

5 111 22%2 %2 2 22 Bkl

6 1% 11%2 1111 3k

7 1 22%2 i1 11 Lkl
P8 11 %1 Bk By Y
R 9 11 ki1 Yk
10 1 6 4 6 6 6 6 4 3 4 4
E 1, 1 1, 1, 1, 1
T 11 1 3%1 1 1 A3 %4 A A
R 12 13 3 3 3 %1 1
13 1 2 11 Bk
14 1 11 ¥l
15 11 Ll
16 1 Bl

All }ower triangular 1
17 entries = bgj 1 721 1
= 1_

18 by 1 2 2
19 for 1¢i<jg20 1 1
20 1
Fig. 6.3: The Parameter Matrix (ie. Matrix B)



is obtained as follows:

/u. = )\:,_af-n

= _20,56 - 20
20 - 1
= 0.030 (ie. 3%)

Y ]
=Sz =x=

As L}s within the acceptable 1limit recommended by
Varqas(ﬂ, it is assumed that the parameter matrix is good
enough to give a reliable result after inteqrating with the
other twenty decision variable matrices. 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 will be given later in

Section 6.4.

The pairwise comparisons of the parameter matrix given
in Pig. 6.3 are made based on the author's knowledge and
experience, and will 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 conflrmed from the the £final

results given by the model.

In the pairwise comparisons of the parameter matrix,
the author has given a very high weighting to parameter 3
(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 1importance over
parameter 10 (see Fig. 6.2) and that it has absolute
importance over parameter 11. This parameter is regarded
as being of very high importance because the size of the
site is an absolute determinant of the appropriate
alternative which one can select. The reason is simple:
i1f a small and confined sjite in a densely populated area is
given for building a STP it will be Iimpossible for
stabilization ponds or 1land 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). Parameter 2 (ie. influent / effluent) |is
also‘an absolute determinant. Since the effluent standard
has to be met in a glven situation, "the treatment
efficiency of the alternative selected must be able to
satisfy the requirement. For example, {t will be
impossible for primary treatment alone to achieve a high
percentage of pollutants removal, nor will it be possible
to obtain a very high quality effluent if tertiary
treatment is not used. Parameters 2 anéd 3, therefore, are
regarded as the most Iimportant parametsrs among all and

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

Parameter 10 (ie. power source} 1is the next most
important parameter, Jjust second to parameters 2 and 3.

Elements 3-10 and 1-106, for instance, are 3 and ¥6
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respectively, which means that parameter 3 is slightly more
important than (le. weak importance over) parameter 10 but
parameter 1, on the other hand, is slightly less important
than parameter 10. Power source s 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 mest 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 1lower than that of
parameters 2, 3 and 10. Thls is because that parametezs 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 stabilization pond to be built on a small
site but is possible for it to be constructed in any
climatic conditions, although it may not be an appropriate
form of treatment in a certain type of climate (e.g. cold
weather). Hence, parameter 3 (le. size of site) |is

absolute and parameter 18 (ie. cllmate) is not s¢ absolute.

The next most important parameters are 12, 17, 19 and
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20 (ie. c¢ost of operation and maintenance, professional
ethics, water-borne and vector-borne diseases). Their
importance has been explained in detail in Sectlion 4.4.2 as
well. As discussed in the Section, plant maintenance 1is
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 {s 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 1lead ¢to
unexpected big national 1losses. However, these four
parameters, like parameters 1, 4 and 18, are not absolute
cnes, but on the other hand, unlike 1, 4 and 18, are
changeable factors. Because 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 construction in local and foreign
currency), are given slightly higher weightage than the
other seven. This {is because that the availability of

construction funds Is nevertheless important. Without {t,
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Parameters

10
11
12
13

14

15
16
17
18
19

20

Fig.

6.3(a)

Desacriptlion

Flow

Influent / Effluent

Size of site

Nature of site

Land cost

Local money for construction
Foreign money for construction
Local skill for construction
Comminity support

Power source

Availablliity of local material
Cost of operation and maintenance

Professional s8kill for operation
and malntenance

Local technical skill for
operation and maintenance

Administration set-up
Training

Professjonal ethics
Climate

Local water-borne diseases

Endemic 1local water-related
diseases '

Xp

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

! Normallized Priority Vector of Parameter Matrix

s0a
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there will be no need of any selection. The remalining
seven parameters (le. local skill for construction,
community support, local material, professional and
technical skill for operatien 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 written based on . the
mathematical theories described 1in Chaptex 5 and..the
procedures already described 1in 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 A3y, A, ..... + Azp (see
Section 6.1) into the computer. Users may choose the
number of decision variables, n, toc be ranked, that is, if
decision variables in category A, B, C, ..... (see Flg. 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, ¢, ..... 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 1lowest
category (Fig. 4.1) can be easily cut down to 15 eor 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‘s). 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'?’,

The IBM
persconal computer was chosen because 1t is believed to be
most convenient and easily accessible by all prospective

users and this should be 30 for a number of years to come.

A f£low chart of the program and a listing of it are
given in Appendices B.l.2 and B.1.3 respectively. A users'

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

It should be noted that elements o0f the decision
variable matrices should be entered in six decimal places,
but they will be shown afterwards on the screen in three
decimal places (see users' manual in Appendix Bl). This
however, will not affect the accuracy of the calculation in

which data of six decimal places will be used throughout.
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After the program 1s run once, twenty new data flles

(ie. decision variable matrices) named PARAL.LIQ,
PARA2.LIQ, ....., PARA20.LIQ will be formed if they were
originally not existing. In addition, two files named

"COMPOMAT.LIQ" and "REPORT.LIQ" will also be formed --- the
former stores the data of the composite matxix 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 Degision Varjable Matxiceg

6.5.1 Matrix Construction

The construction of the decision variable matrices is
done according to the same principle which 1Is 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 wvariable
matrices will be formed for each situation under test as
the number of parameters considered in the model 1is 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 varlables to be ranked. For the
situation of Malaysia under test, n is egual to 8 (see

Section 7.3 of chapter 7 and Section 8.1 of Chapter 8).
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Therefore, there are twenty 8x8 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. Primary Land Small Package
Pond Lagoon filter Process Treatment Treatment Plant Plant

Pond 1 K| 4 5 3 3 3 5
Lagoon 1 2 4 1 1 1 4
Bio- 1 3 1 1 1 3
filter 2 % 2
A.S. 1 1 1 1 1
Process /3 3 %
Primary 1 1 1 3
Treatment All lower triangular

elements = ajj
Land 1 1 3
Treatment R

aij

Small . 1 3
Plant
Package 1l
Plant

Fig. 6.4: Decision Variable Matrix
for Parameter 12 (Malaystia)

Parameter 12 is the cost of operation and maintenance.
Therefore, as far as the cost of 0 & X is concerned, a
siabilization pond is slightly cheaper (and hence better)
than an aerated lagoon. Element 1-2 entered is therefore
equal to 3. If a pond is compared to an activated sludge
plant, the former is significantly cheaper to operate and

maintaln than the latter, and hence element 1-4 is entered
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as 5. This principle 1s used for enterizq all the elements
in the matrix, and the author <calls this the first
principle, which 1is simple but basic in the theory of

eigenvector prioritization.

However, elements 1-2 and 1-4 entexed as 3 and 5 must
be done with a knowledge of the economic situation of
Malaysia in question. If the alternatives are to be
considered in another situation (ie. a place other than
Puchong of Malaysia), the entries for tre matrix will not
be the same. For instance, the decision variable matrix
for the same parameter (ie. parameter 12) for Hong Kong
situation will be gquite different. For easy reference,
this parameter (shown 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 whilst the same element for Malaysia is 5. This |is
because that funds for operation and maintenance of a
wastewater treatment plant are readily available in Hong
Kong and that funds for such a purpose are less stringent
in Hong Kong than in Malaysia. The author calls the
principle described in this paragraph thz second principle
in constructing decision variable matrizes. Matrices of
parameter S5 (ie. land cost}) for Malaysia and Hong Kong
situations reveal another example of this principle. In
other words, the degree of influence te¢ the selection of

the appropriate treatment alternative due to a particular
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parameter 13 reflected by the values entered. If the
parameter is a pressure polint in a given situation, the
values In the decislon variable matrix will be high and

vice versa.

Bio- A.S. Primary Land Small Package
Pond Lagoon filter Process Treatment Treatment Plant Plant

Pond 1 1 1 2 1 1 1 2
Lagoon 1 1 2 1 1 1 2
Blo- 1 2 1 1 1 2
fllter
A.S. 1 1 1 1 1
Process 2 2 2
Primary 1 1 1 2
Treatment
Land 1 1 2
Treatment All lower trlangular

elements = ajy
Small 1 2
Plant = _]

ajy

Package i
Plant

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

There is a third principle also. If the decision
varlable matrices of Parameters 13 and 14 of Thalland 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 1is because of the fact that the technical skill
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available in that situation is inferior to the professional

skill available (see Appendix C.3.2).

Therefore, the first principle is intra-matrix
oriented; the second principle is inter-situations
oriented; the thlird principle is inter-matrices and intra-
situation oriented. In constructing the decision variable

matrices, these three principles are used througaout.

6.5.2 Comparison of Decision Variables Using Each
Parameter as Objective

Various kinds of treatment alternatives have been
described in Chapter 2. Their merits and demerits with.
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 subjlect has been
partly covered in the above two places, the author is not
golng to enter into it too deeply in this section. A

summary only will be given in the following pages.
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PART 3

TESTING OF MODEL



CHAPTER 7 --- MODEL TESTING (I)

7.1 Selection of Rlants 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 1indicates (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 1less in agreement with the
treatment process used by the plant if the latter works
successfully, or it will indicate some other more
appropriate treatment alternative if the plant works
unsatisfactorily (if at all it works).

The next question then 1is 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 freating 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 thelr
locations used for testing must be within a practicable
limit, although a wide spectrum of differences is
desirable. Having considered all these factors, £four

existing sewage treatment plants were selected. They are:
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1. Puchong Sewage Treatment Plant in Malaysia
2. Pattaya South Sewage Treatment Plant in Thailand
3. Min Shen Sewage Treatment Plant in Taiwan

4. Shatin Sewage Treatment Plant in Hong Kong

7.2 GCollection of Data

The data were collected wusing questionnaires(1’2)
supported by site visits. There were three different
questionnaires. The £first one was of a general type,

acquiring general information about sewerage systems and
sewage treatment of a particular country (see Appendix
c.1). Tﬁis same questionnaire was given to university
lecturers and practicing sanitation engineers of wvarious
countries in the scuth-east Asia with whom the author had
had previous connections. - The completed questionnaires
were carefully studied so that a general picture of
wastewater engineering 1in each country was known. In
addition, each returned gquestionnaire 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
guestionnaire, asking for much more detailed information
about an individual plant (see Appendix C.2), was sent to
all those treatment plants whose addresses were obtained
from the first guestionnaire. 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 as 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 ¢ different sizes
(ie. capacities) and (3) the returned gquestionnaires from

these plants (except the plant in Thailard) were completed
in greater detail and with greater care ‘not all returned
questionnaires were so) and it was therefore assumed that
the data of these plants would be more =zeliable and that
further contact with these plants would be more profitable.
The plant in Thailand was selected becauss of reasons (1)
and (2) but not (3). However, there was znother reason for
choosing this particular plant and the reason will be

discussed in Section 7.4.

Then, a third guestionnaire was designed to acquire
further information concérning the candidate plants (see
Appendix C.3). This gquestionnaire was not sent but was
taken along with the author during his visit to these
plants. The gquestions contained in it w=2re put by the
author when he met with the plant managers and the staff
during the visits. The site visits also kelped him acquire
a greater understanding of the environmsntal and social
situations of the candidate countries so that the data for
the intangible parameters could be entered with greater

accuracy into the model.

In the following sections, descriptions of the test
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procedures for the plants In Malaysia, Thailand, Taiwan and

Hong Kong respectively will be given.
7.3 PRuchong Sewaqge Treatment Plant (Malaysia)

The Puchong STP, bullt in 1984-85, is located at the
south-west of Kualu Lumpur, the capltal of Malaysia. The
plant is situated outside the city boundary but not far
away from Kuala Lumpur, and 1s therefore situated 1in a
semi-rural area (see Flg. 7.1}(3). The plant was desligned
to treat an average dally dry weather flow of 1800 malday
(le. 8000 P.E.) and the designed influent BODg was 220

mg/l(aj.

However, due to ground water infiltration into
the sewerage system, the actual mean BODg figure was found
to be only 108 mg/ﬂ when the plant was commissioned {(see
Appendix C.2.1). The treatment plant conslists of two
ponds, one facultative pond (3 Ha) and then one maturation
pond (0.9 Ha). Land is avallable in Puchong area. The
capacity of the plant can be increased in the future by the
construction of additional stablllization ponds as land for
extenslon has already been reserved. The effluent s
discharged to a river named Sungai Kelang and has BODg and
s.3. standards of 29 mg/1 and 2 mg/l respectively ( result
of weekly grab samples). The plant can be considered, in

general, as working successfully.

Other detalls concerning Malaysla in broad terms -- as

well as the Puchong STP itself -- can be seen in Appendices
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c.1.1, ¢€.2.1 and C.3.1. Although not all questions were
answered in the completed questlonnaires, the information
obtained was adequate for making up the twenty decisioen
variable reciprocal matrices for entry into the model.
Each decision wvariable matrices 1is 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 were those in
the first category (ie. A, B, ..... » H) shown in the
hierarchical structure in Fig. 4.1 of Chapter 4. They are
reproduced hereunder for easy reference:

Declision Variable Description

1 Stabilization ponds

2 Aerated lagoons

3 Biofiltration

4 Activated sludge processes

5 Primary Settlement

6 Land application

7 Small plants

8 Package activated sludge plants

The decision variable matrices for the 20 parameters
are shown in Section 8.1 of Chapter 8 and their
construction was based on the discussions contalned in
Section 6.5 of Chapter 6. These data were 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 shown at the end of Section

8.1.
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The optimum treatment alternative given on Page 132 as
selected by the model, which scores 100%, is stabilization
pond (ie. Decision Variable 1). The second  Dbest
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 wvery 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 Rattaya gSouth Sewage Treatment Plant (Thailand)

Pattaya is one of Thailand’'s main local and
international tourist attractions and is second only to
Bangkok in foreign exchange earnings from tourism. The
total town area of Pattaya 1is about 230 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 bheach

environment, it {s 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 tourist income. So, In 1982, a simple
sewerage system and a wastewater treatment plant were built

for servicing a densely populated but relatively small zone

at south Pattaya as shown in Figs. 7.2 and 7.3'%),

As the treatment plant is located at a very densely
populated 2zone, the site area avalilable for the plant |is
very limited (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 BODg was set
to be not more than 15 mg/1(4). Effluent would be
discharged to a canal (Khlong Pattaya) and then to the
beach. The treatment process employed 1s extended aeration
activated sludge. Surface aerators are used In the
aeration tank. Detalls of tbe treatment plant can be found
in Appendix c.2.2 and other detalls concerning

Thajland/Pattaya can be found in Appendices C.1.2 and
c.3.2.

This plant is now not in operation. The author was
informed during the wvisit that the plant had previously
been workling unsatisfactorily. This fact identifles Ehe
additional reason, which was not mentioned in Section 7.2,
for selecting this plant for testing the model. The model
should, 1f 1t works well, glive an optimal treatment
alternative which 1s not that of the actlvated sludge

process. So, for this particular test, the result should
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be a negative one rather than a positive one, unlike the

Puchong STP of Malaysia.

The decision variables used, as mentioned on Page 65,
were those in the second category (ie. a, b, ..... . 1)
shown in the hierarchical structure in Fig. 4.1 of Chapter

4., They are:

Decision Variable Description

1 Stabilization ponds
2 Fully-aerated lagoons + Secondary
settlement
3 Fully/Partially z=rated lagoons
4 Simple percolating filtration
5 Modified percolating filtration
6 Conventional activated sludge
process
7 Deep-shaft/High-purity oxygen
process
8 Primary settlement
9 Land application
10 Rotating Biclogical contactors
11 Oxidation ditches
12 Package activated sludge plants

The twenty 12x12 decision variable matrices 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%, 1is that of rotating biological contactors (le.
Decision Variable 10) and not the installed activated
sludge process. The second best alternative, which scores
86%, 1is package activated sludge plants (ie. Decision
vVariable 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 (Talwan)

Min Shen Sewage Treatment Plant is at the north-east
of Taipel «city, the capital of Taiwan which has a
population of two millions. The plant is not too far away
from the c¢ity 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 BODg and s.s. were both 200 mg/l.
Two different treatment processes are used in the plant ---
RBC and activated sludge. The settled sewage flows to a

distribution chamber which leaqs 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 (rapld 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 (BODg: 5-10 and s.s.: 5-10) for two
reasons: (1) the Keelung 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 industrial
development), (2) the effluent is partly used in a scenic
fountain in the San Min Park of the Min Shen Housing
Estate, which is a pioneering project of wastewater reuse
in Taiwan. The effluent from the RBC usually has a BODg of
10 to 15 mg/l and that from the activated sludge process 20
to 30 mg/1l. 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 decision variables used on this occasion 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
considered as the site area available ecould 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 wvariables
remaining all of which include tertiary treatment and hence
they were taken as the decision variables for the test.

Decision Varliable Description

1 Primary clarifier + Simple
percolating filtration + Tertiary
treatment

2 Primary clarifier + Percolating

filtration with recirculation +
Tertiary treatment

3 Primary clarifier + Alternating
double filtration + Tertiary
treatment

4 Primary clarifier + Conventional

activated sludge process +
Tertiary treatment

5 Primary clarifier + High-purity

oxygen activated sludge process +
Tertiary Treatment
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6 Deep shaft + Nitrifying filter

7 Primary clarifier + Rotating
bicological contactor + Tertiary
treatment

8 Oxidation ditch + Tertiary
treatment

S Package activated sludge plant +

Tertiary treatment

10 Package high-purity oxygen plant
+ Tertiary treatment

The tertiary treatment in the above decision variables
is assumed, except for Deep Shaft, to be rapld 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 whether or not they are more appropriate than
the existing rapid sand filtration is an irrelevant
question in this selection exercise, as the objective here
is to select the best alternative to be employed before the
tertiary treatment. The twenty 10x10 decision wvariable
matrices entered into the model are given in Section 8.3 of
Chapter 8. The result of the computer run on Page 154
shows that the optimal treatment alternative, which scores
100%, is primary clarifier + RBC + tertiary treatment (ie.
Decision Variable 7}, which is, again, in agreement with
the existing situation. The second best alternative, which
scores 95%, is primary clarifier + high-purity oxygen
activated sludge process + tertiary treatment (ie. Decision

Variable 5}. The third, which 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 Konal

Shatin STP is situated at the south-west end of Tolo

(6). The effluent from the plant is

Harbour (see Fig. 7.5)
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 1in
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 1land
created by filling a huge volume of earth eonto 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 avallable unless [t 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
m3/day {about 240,000 P.E.}. The second phase of the
plant, treating also the same amount of flow, started

operation in 1986, resulting in a total treatment capacity
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of 200,000 m3/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 lnfluent has an average BODg of 250 mg/l and s.s.
of 220 mgs/l. No tertiary treatment (e.g. microstrainers or
rapid sand filters) is provided in the plant. The effluent
standard is of 10 to 15 mg/l BODg and 15 to 25 mg/l s.s. in
average. The plant is considered to be working quite
satisfactorily. Other details concerning Hong Kong 1in
broad terms and the Shatin STP 1itself can be found |in

Appendices C.1.4, C.2.4 and C.3.4,.

The decision variables used in the test were those in
the first category (ie. A, B, ..... , H} shown 1in the

hierarchical structure in Flg. 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 8x8 decision variable matrices for the 20
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parameters are shown in Section 8.4.1 of Chapter 8. The
computer run shows that activated sludge process (le.
Decision Variable 4) is the optimal treatment alternative

(sea Page 165).

Then, the seven decision variables {numbered 23, 24,
25, 26, 27, 28 and 29) under Activated Sludge Process in
the hierarchical structure shown in Fig. 4.1 were further

ranked. These seven decision variables are:

Decision Variable Description

1 Primary clarifier + Conventional
activated sludge process

2 Septic tank + Conventional
activated sludge process

3 Primary clarifier + Conventional
activated sludge process +
Tertiary treatment

4 Deep shaft
5 Deep shaft + Nitrifying filter
6 Primary clarifier + High-purity-

oxygen activated sludge process
7 Primary clarifier + High-purity

oxygen activated sludge process
+ Tertiary treatment

The term tertiary treatment that appears in the
decislion 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 suczessfully 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 more satisfactory

treatment result will be achieved,
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CHAPTER 8 --- MODEL TESTING (II)

This chapter must be read in conjunction with Appendix
B.1.1, the user's manual of the model. The user should also

(1) if he uses the PC

refer to the D0OS manual of an IBM-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 Computez Rup for Puchong STP (Malavsia)

This section must be read in conjunction with Section
7.3 of Chapter 7. The following is a record of running the

model.
RANKING OF LIQUID TREATHMENT 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 2?2 ¥
Name of the existing file is ? PARAl.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 ? Y or N ? N
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Please wait .....

The matrix just entered is stored in a file named 'PARAL.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 i.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 S.000 1.000 1.000 :.000

Do you want to change data in the above mazzix 2 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 1.000 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 file ? Y or N ? ¥

Name of the existing file is ? PARA4.LIQ

[
n

The decision variable matrix

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 1.00C 1.000

Do you want to change data in the above natrix ?2 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 2 Y or N ? ¥
Name of the existing file is ? PARAS.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

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 ? PARAG6.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 0.560 1.000 0.250 0.250 0.3323 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 £ile named PARAG6.LIQ

Press the RETURN key to continue

PARAMETER 7 : Foreign money for construction

Do you want to use data from a&n existing file ? Y or N ? Y
Name of the existing file is ? PARA7.LIQ

The decision variable matrix is

.000

1.000 1.000 3.000 5.000 1.000 1.000 3.000 4

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 1.9000 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 ? 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 8 : Local skill for constructi:z=z

Do you want to use data from an existing 2ile ? Y or N 2 Y
Name of the existing file is ? PARAS8.LIQ
The decision variable matrix is

1.000
1.000
.000
.333
.000
.000
.000
.500

.000
.000
.000
. 333

.000
.000
.Q00
. 500
.000 1.000
.000 1.000
.000 1.000
.500 1.000

.000 1,000 1.000
.000 1.000 1.000
.000 1.000 1.000
.000 0.333 0.333
.000 1.000 1.000
.000 1.000 1.000
.000 1.000 1.000
.000 0.500 0.500

.000 2.000
.000 2.000
.000 1.000
.332 3.500
.000 2.000
.000 2.000
.000 2.000
.500 1.000

Ot bt e O

O = Ok
MO

NiwWiw k- Ww

OO

O b o O s b

Do you want to change data in the above me~rix ? Y or N ? N
Please wait .....
The matrix just entered is stored in a tils named PARASB.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 ? PARAI.LIQ

The decision variable matrix fs

1.000 1.0600 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 Z.000
0.333 0.333 0.500 1.000 3.000 0.200 2.000 2.000
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 1.003 2.000
0.333 0.333 1.000 1.000 0.333 0.200 0.500 :.000

Do you want to change data in the above 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 2?2 Y
Name of the existing file is ? PARALO.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 1.600 1.000 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 PARALIO.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 2 Y
Name of the existing file is ? PARAll.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 1.006 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 ? Y or N ? N
Please wait .....
The matrix just entered is stored in a file named PARAll1.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 file ?

Name of the existing file is ? PARA12.LIG

The decision variable matrix is

1.000
0.333
.250
.200
.333
.333
. 332

QOO OO0 o

[l = N o B W

.000
.000
.500
. 250
.000
.000
1.
.200 0.250

000

Do you want

Please wait

The matrix just entered is stored in a f:.2 named PARAI2.LIQ

4.000
2.000
1.000
0.333
2.000
2.000
2.000
0.333

Ww - Wb

.000
.000
.000
.000
.000
3.
3.
1.

000
000
Qg0

3.000
1.000
.500
. 333
.000
.000
.000
.333

Qi == OO

to change data in

3.000
1.000
0.500
0.333
1.000
1.000
1.000
0.333

the above nma=rix ?

Press the RETURN key to continue

PARAMETER

3.000
1.000
0.500
0.333
1.006
1.000

3

5.000
4.000
3.

1.000
.000
3.

000

000

1.000 3.000
0.333 1.000

Yor N ? Y

Y or N ? N

13 : Professional skill available for operation
maintenance

Do you want to use data from an existing file ?

Name of the existing file is ? PARA13.LIQ

The decision variable matrix is :

. 000
.000
.500
.200
.000
.333
. 500
<333

COoOOoOF OO0

OO K OO M

.000
.000
. 500
.250
.000
.500
.500
.500

Do you want

Please wait

The matrix just entered is stored in a fils named PARA13.LIQ

2.000
2.000
1.000
0.333
3.000
1.000
2.000
1.000

to change data in

Wb WL =W n

.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.333
. 200
.000
. 333
.500
0.333

QOO OHM

.000
.000
.000
.333
.000
.000
.000
.000

o) W O R W

the above matrix ?

Press the RETURN key to continue
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.000
.000
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.333
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.000
.000
.000

Yor N?2 Y

Y or N2 N
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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 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 ©¢.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 1.0600

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 PARAl4.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 ? PARA1S5.LIQ

The decision varlable 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 1.9000
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 ©.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 want to change data in the above matrix ? Y or N ? N
Please wait .....
The matrix just entered is stored in a file named PARALS.LIQ

Press the RETURN key to continue
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PARAMETER 16

Training

Do you want to use data from an existing file ?

Name of the existing file is ? PARAl6.LIQ

The decision variable matrix is :

OO~ OOFW

.000
.000
.333
.143
.000
.333
.000
.200

Do you want

Please wait

5.000 9.000
3.000 7.000
.000 5.000
.200 1.000
.000 7.000
.000 5.000
.000 7.000
.333 3.000

O MO =

O OF OOk W

.000
.000
.333
.143
.000
.333
.000
.200

to change data in

ooooo

.000
.000
.000
.200
.000
.000
.000
.333

O whH WO W

the above matrix ?

OO OO W

.000
.000
.500
.143
.000
.333
.0C0o
.200

Huywrmo wuw g

.000
.000
.000
.333
.000
.000
.000
.000

Y or N ?2 Y

Y or N ? N

The matrix just entered is stored in a file named PARALIG.LIQ

Press the RETURN key to continue

PARAMETER 17

Professional ethics

Do you want to use data from an existing file ?

Name of the existing file is ? PARAL17.LIQ

The decision variable matrix tis

.000
.500
.250
.143
.500
.250
.500
.200

[=ReNaleNeN-Noll

OFOoOH OO KEN

.000
.000
.333
.167
.000
. 333
.000
. 250

Do you want

Please wait

4.000 7.000
3.000 6.000
1.000 4.000
0.250 1.000
2.000 5.000
1.000 3.000
2.000 5.000
0.500 2.000

OHFHOFHOO RN

.000
.000
. 500
.200
.000
«333
.000
. 250

to change data in

nnnnn

.000
.000
.000
. 333
.000
.000
.000
.000

H RN WO W

the above matrix ?

2.
1,
c.
.200
.000
.500
.000
.333

o OoOMo

000
000
500

W B O N e

.000
.000
.000
.500
.000
.G00
.000
.000

Yor N? Y

Y or N ? N

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 ? Y or N ? Y
Name of the existing file is ? PARALB.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 1.9000
0.500 0.500 1,000 1.000 1.000 3.000C 1.000 1.000

Do you want to change data in the above matrix ? Y or N 2?2 N
Please wait .....
The matrix just entered 1s stored in a f£ils named PARALB.LIQ

Press the RETURN key to continue

PARAMETER 19 : Local water-borne diseases

Do you want to use data from an existing file 2 Y or N ? Y
Name of the existing file is ? PARAl19.LIQ

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
6.333 0.500 1.000 1.000 3.000 0.333 1.000 1.000
0.200 0.250 0.332 0.333 1.000 0.200 0.333 0.333
1.000 2.000 3.000 3.000 5.000 1.000 23.000 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

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 PARAl19.LIQ

Press the RETURN key to continue
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PARAMETER 20 : Endemic vector-borne {water-related) diseases

Po you want to use data from an exlsting file ? Y or N ? Y
Name of the existing file is ? PARA20.LIQ
The decision variable matrix is

.333
.333
.000
.000
. 000
.333
.000
.000

.333
.333
.000
.000
.000
.333
.C00
.000

.333
.333
.000
.000
.000
.333
.000
.000

.000
.000
.000
.000
.000
.000
.000
.000

.333
.333
.000
.000
. 000
.333
.000
.000

.333
. 333
.000
.000
.000
.333
.000
.000

.000
.000
.000
. 080
.000
.500
.000
.000

. 000
.000
.000
.000
.000
.500
.000
. 000

WO wwwk
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O =00
H Ot e OO
RO OO
Wl W W wNN
He O~ Ooo
1= s & s @O

Do you want to change data in the above ma=rix > Y or N 2 N
Please wait ....,

The matrix just entered is stored in a fi.: named PARAZO.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 1 100
Alternative 2 87.95443
Alternative 3 70.46707
Alternative 4 60.0522
Alternative 5 67.9448¢
Alternative ¢ 60.554472
Alternative 7 75.00223
Alternative 8 66.6338
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8.2 compyter Run for Pattaya South STP (Thailand)

rh

This section must be read in conjunction with Section 7.4 o

Chapter 7. The following is a record of runring the model.

RANKING OF LIQUID TREATMENT ALTERNATIVES

Order of decision variable matrix is n x n wkere n = 12

PARAMETER 1 : Flow
Jo you want to use data from an existing filz ? Y or N 2?2 Y
“ame of the existing file is ? PARAl1.LIQ

The decision variable matrix is

1.000 1.000 1.000 2.000 2.000 2.000 3.000 2.000 1.000 2.00C0 2.000 2.000
1.000 1.000 1.000 2.000 2.000 2.000 3.000 2.0Q0 1.000 2.00C 2.000 2.000C
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 1.060 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 2.000 1.000 0.500 1.000 1.000 1.000
0.333 0.333 0.333 0.500 0.500 0.500 1.000 0.590 0.333 0.500 0.500 0.500
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
1.000 1.000 1.000 2.000 2.006 2.000 3.000 2.0£0 1.000 2.000 2.000 2.000
0.500 0.500 0.500 1.000 1.000 1.000 2.000 1.0:9 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 1.080 0.500 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 'PARAL.LIQ!

Press the RETURN key to continue
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DARAMETER 2 : Influent / Effluent
Do you want to use data from an existing file ? Y or
Name of the existing file is ? PARA2.LIQ

The decision variable matrix is :

1.000 0.500 1.000 0.500 0.500 0.333 0.333 9.000 0.333
2.000 1.000 2,000 1.000 1.000 0.500 0.500 $.000 0.500
1.000 0.500 1.000 0.500 0.500 0.333 0.333 9.000 0.333
2.000 1.000 2.000 1.000 1.000 0,500 0.500 9.000 0.500
2.000 1.000 2.000 1.000 1.000 0.500 0.500 9.000 0.500
3.000 2.000 3.000 2.000 2.000 1.000 1.000 9.000 1.000
3.000 2.000 3.000 2.000 2.000 1.000 1.00CG 9.000 1.000
0.11%f 0.111 0.111 0.111 0.111 ©0.111 0.111 1.000 0.111
3.000 2.000 3.000 2.000 2.000 1.000 1.000 9.000 1.000
+.000 2.000 3,000 2.000 2,000 1.000 1.000 9,000 1.000
2.000 1.000 2.000 1.000 1.Q00 0.500 0.500 9.062 0.500
2.000 2.000 3.000 2.000 2.000 1.000 1.000 9.000 1.000

HOMPEORPRFRODOOOoOO

. 333
.500
.333
.500
.500
.000
.000
.111
.000
.000
.500
.000

0.500
1.000
0.500
1.000
1.000
2.000
2.000
0.111
2.000
2.000
1.000
2.000

Do you want to change data in the above matrix ? Y or N ? N

rlease wait .....

The matrix just entered is stored in a file namsd PARAZ.LIQ

Sress the RETURN key to continue

PARAMETER 3 : Size of site
Do you want to use data from an existing file ? Y or
Name of the existing file is ? PARA3.LIQ

The declision variable matrix is :

1.000 1.000 1.000 1.000 0.200 0.111 0.111 0.111 1.000
1.000 1.000 1.000 1.000 0.200 0.111 O0.111 0.111 1.000
1.000 1.000 1.000 1.000 0.200 0.111 0.111 0.111 1.000
1.000 1.000 1.000 1.000 0.200 0.111 0.111 0.111 1.000
$.000 5.000 5.000 5.000 1.000 0.200 0.200 0.200 7.000
9.000 9.000 9.000 9.000 5.000 1.000 1.000 1.000 9.000
9.0060 9.000 9.000 9.000 5.000 1.000 1.000 1.000 9.000
3.000 9.000 9.000 9,000 5.000 1.000 1.000 1.000 9.000
1.000 1.000 1.000 1.000 0.143 0.111 ©.111 0.111 1.000
$.000 9.000 9.000 9.000 5.000 1.000 1.000 1.000 $8.000
5.000 5.000 5.000 5.000 1.000 0.200 0.200 0.200 9.000
9.000 9.000 9.000 9.000 5.000 1.000 1.000 1.000 9.000

Do you want to change data in the above matrix ? Y or N ? N

Piease wait .....

FOrFRFOPRERHPFEFPOOOOO

.111
111
111
111
.200
.000
.000
.000
.111
.000
.200
.000

The matrix just entered is stored in a file named PARA3.LIQ

Press the RETURN key to continue
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0.200
0.200
0.200
0.200
1.000
5.000
5.000
5.000
0.111
5.000
1.000
5.000

HoOoOFRRPFRPOKRRFEFOOODOO

HPOFHOFRF~NOODOOO

. 3332
.500
.333
.500
.500
.Q0o
.000
.111
L0090
.000
.500
.000

.111
.111
-111
<111
.200
.000
.000
.000
<111
.000
.200
.000



PARAMETER 4

Nature of site

Do you want to use data from an existing file ?

Name of the existing file is ? PARA4.LIQ

The decision variable matrix is
.000
.000
.000
. 000
.000
.000
.000
.000
.333
.000
.000
.000

1.000
1.000
1.000
5.000
5.000
9.000
9.000
9.000
0.333
3.000
5.000
9.000

W N0 OWWWuLLN e =

Do you want

Please wait
The matrix just entered is stored in a file ramed

1.000
1.000
1.000
5.000
5.000
9.000
9.000
3.000
0.333
9.000
5.000
9.000

U~ ouUVunnnNnEHFHEFOOO

.200
.200
.200
.000
.000
.000
.000
.000
.143
.000
.000
.000

.200
.200
.200
.000
.000
.000
.000
.000
.143
.000
.000
.Q09

U UVoOUVURUMEFOOO

to change data in

.....

0.111
0.111
.111
.200
.200
.000
.000
.000
2111
.000
.200
.000

HORFROHEHFHFPFPOOO

the above matrix ?

Press the RETURN key to continue

PARAMETER 5

Land cost

HOHODHKFEFMFPOOODOO

111
.111
J111
.200
.200
.000
.000
.000
.111
.000
.200
.000

HOFHFOFHMFMFHFOOODOO

.11
.111
<111
. 200
.200
.000
.000
.000
.111
.000
. 200
.CJ0

Do you'want to use data from an existing file ?

Name of the existing file is ? PARAS.LIQ

The decision variable matrix is
.250
. 333
.333
.000
.000
.000
.000
.000
.200
.000
.000
.000

1.000
3.000
2.000
4.000
.000
.000
.000
. 000
.500
.000
.000
5.000

i O N

0.

333

1.000

Mo VO T WUa WO

.333
-.000
. 000
.000
.000
.000
.250
.000
.000
.000

Do you want

Please wait
The matrix Jjust entered is stored in a file named

0.500
.000
.000
.000
.000
.000
.000
.000
.333
.000
.000
.000

N Ao N WL W W

to change data in

NNV OGOunbk o OOO

0.200
0.250
0.250
0.500
1.000
3.000
4.000
5.000
0.167
4.000
1.000
1.000

.167
.200
.200
.250
.333
.000
.000
.000
.143
.000
.333
.500

COoOWOsa WHOODOOO

the above matrix ?

Press the RETURN key to continue
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OCoOrPrONFHFOOODOOO

.143
.167
167
.200
.250
.333
.000
.000
.125
.000
.250
.333

COoO0OrFFrOO0O0ODQOYO0

.125
.143
.143
L1587
. 200
. 250
.500
.030
L1l
. 500
.200
.250

W3 W W W)~ Wow

TN O Do~ oUW

or

.00d
.000
.000
.000
.000
.000
.000
.000
.000
.000
. 000
.000

Y or N? N

0.111
0.111
0.111
0.200
0.200
1.000
1.000
1.000
0.111
1.000
0.200
1.000

PARA4.LIQ

or

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

Y or

.143
.167
.167
. 200
. 250
.333
. 000
.000
<125
.000
.200
.250

DO ONEFHFODOOOOO

N 2 N

PARAS.LIQ

0.200
0.200
0.200
1.000
1.000
5.000
5.000
.060
.143
.000
.000
.000

V= Uou,m

.250
. 250
. 250
. 500
.000
.000
.000
.000
.200
.000
.000
.000

N UDoOoUa W OOO0OO

.111
.111
<111
.200
.200
.00¢
.000
.000
.111
000
.200
.000

HOKFRPOHFFRPOOOOO

. 200
.200
. 200
.500
.000
.000
.000
.000
L1687
.000
. 500
.000

HO®B ODBWNNPFEOOO0D



PARAMETER 6

Local money for construction

Do you want to use data from an existing file ?

Name of the existing file

is ? PARA6.LIQ

The decision variable matrix is

.000
.500
.500
.250
. 250
.200
.143
.500
.500
.333
.500
.200

D000 0UO0C0O0OK

OMMNOMFRMFODOODOKHKFHN

.000
.000
.000
.333
.333
.250
.167
.000
.000
. 500
. 000
. 250

Do you want

~lease wait
The matrix just entered is stored in a file named

.000
.000
.000
. 333
333
.250
.167
.000
.000
.500
.000
.250

O OMMFROOOO RN

to change data in

.....

.000
.000
.000
.000
.000
.500
. 250
.000
.000
2,000
3.000
0.500

WWOoOORFFLWW..a

4

3.
.000

3

1.
.000

1

0.
.250

0

3.
.000
.000
.000
.500

O W

.000

000

000

500

000

5.000
4.000
4.000
2.000
2.000
1.000
0.333
4.000
4.000
3.000
4.000
1.000

the above matrix ?

Tress the RETURN key to continue

L NN O e W s OO

.000
.000
.000
.000
.000
.Q00
.000
.000
.000
.000
.000
.000

2.000
1.000
1.000
0.333
0.333
0.250
0.167
1.000
1.000
0.560
1.000
0.250

PARAMETER 7 : Foreign money for construction

Do you want to use data from an existing file ?

Name of the existing file is ? PARA7.LIQ

The decision variable matrix is :

1.000
0.333
c.333
G.200
0.200
0.143
0.111
0.333
¢.333
¢.200
0.250
0.143

3.

000

1.000

OQOMHMFEOOO DK

.000
.333
.333
.200
.143
.000
.000
. 333
.500
.200

Do you want

Please wait
The matrix Jjust entered is stored in a file named

3.000
.0060
.000
.333
.333
.200
.143
.000
.000
.333
.500
. 200

OO H+HrHROOOORK

5.000
3.000
3.000
1.000
1.000
0.333
0.200
3.000
3.000
1.000
2.000
0.333

ONFWWOOKFR KWW

.000
.000
.000
.000
.000
.333
.200
.000
.000
.000
.000
.333

to change data in

.000
.000
.000
.000
.000
.000
.333
.000
.000
.000
.000
.000

LV UO R WWwU b~

the above matrix ?

Press the RETURN key to continue
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WHh e~ aF WLk -

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

3.000
1.000
.0CD
.333
.333
. 2090
.143
.0900
.0G)
.333
.500
.200

OOk OODOOK

OMOHMFOOOO KN

OCOoO+HRHROODOOHR MW

Y

Y or

.000
.000
.000
.333
.333
.250
.167
.000
.000
.500
.000
.250

.000
.000
.0090
.500
.500
.333
.200
.000
.000
.000
.000
. 333

ONFMNOMNOODOSO MM W

OHOMMMFOOOO KR KN

Y or N ? N

PARAG.LIQ

or

.000
.000
.000
.333
.333
.200
.143
.000
.000
.333
.500
.200

Y or N ? N

.000
.000
.000
.000
.000
. 333
.200
.000
.000
.Q00
.000
0.333

N WWwOOKHMIWWWL

PARA7.LIQ

O ONMNOOOONNB

.000
.000
.000
.333
.333
.250
.167
.000
.000
.500
.000
.250

.000
.000
.000
.200
.500
.250
.167
.000
.000
. 500
.000
.250

Bt g Lo B O R0 RN B

ke L TN O e W N S

.000
.000
.000
.000
.000
.000
.333
.000
.000
.000
. 000
.000

.000
.000
.000
.000
.000
.000
.333
.000
.000
.000
.000
.000



P ARAMETER 8

Local skill for construction

Do you want to use data from an existing file ?

Name of the existing file is ? PARAS8.LIQ

The decision varliable matrix is
.000
.000
.000
.000
.000
. 333
.200
.000
.000
.000
.000
.333

.000
. 000
.000
.000
.000
.333
.200
.000
.000
.000
.000
.333

C pet b st b O O et b s et s

O =t bt (D O s b e B

Do you want

Please wait
The matrix just entered

1.000
1.000
1.000
1.000
.000
. 333
.200
.000
.000
.000
.000
. 333

O HEmEEOoOR

1.

000

1.000

QO = OO

.000
.000
.000
.333
.200
.000
.000
.000
.000
.333

1.
.000
.000
.000
.000
.333
.200
.000
.000
. 000
.000
.333

O MHEFEEFEOOKHH =

0G0

to change data in

-----

fress the RETURN key to

PARAMETER 9

: Community

Do you want to use data

.000
.000
.009
.000
.000
.000
.333
.000
.000
.000
.000
.000

Hoaw W w WO wWwiw Wi

the above matrix ?

WUy ppwanhhon o

.000
.000
.000
.000
.000
.000
.000
.000
. 000
.000
.0090
.000

Ot ot O O it b i b

.000
.000
.000
.000
.080
.333
.200
.000
.000
.000
.020
.333

Ot = O O P s p

is stored in a file nzmed

continue

support

from an existing file ?

Name of the existing file is ? PARA9.LIQ

The decision variable matrix is :

1.000
.000
.000
.000
.000
.000
.333
.000
.000
.000
.000
.000

bt b et b e O e e R

1.
.000
.000
.000
.000
.000
.333
.G00
.000
.000
.000
.000

O

000

Do you want

Please walit

1.000
.000
.000
.000
.000
.000
<333
.000
.000
.000
.000
.000

= b O b e g

e O b b

.000
.000
.000
.000
.000
.000
.333
.000
.000
.000
1.
1.

000
000

e O b b e

.000
.000
.000
.000
.000
.000
.333
.000
.000
.0046
.000
.000

to change data in

.....

1.000
1.000
1.000
1.000
1.000
1.000
0.500
1.000
1.000
1.000
1.000
1.000

the above matrix ?

W WG R W W W

.000
.000
.000
.000
.0040
.000
.000
.000
.000
.000
.000
.000

Cotiantl et o =3 ol ol ool ol ol

. 000
000
L0050
.G00
.000
.000
.323
.0Go
.0ea
.009
.000
.000

[l I el = B ol ol ol ol

The matrix just entered is stored in a file named

Press the RETURN key to continue
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Y or

.000
.000
.000
.000
.000
. 333
.200
.000
.000
.000
.000
.333

1.000
1.000
l.000
1.000
1.000
0.333
0.200
1,000
1.000
1.000
1.000
0.333

1.000
1.000
1.000
1.000
1.000
0.333
0.200
1.000
1.000
1.000
1.000
0.333

Yor N? N

PARAB.LIQ

Y or

.000
.000
.000
.000
.000
.000
.333
.000
.000
.000
.000
.000

Y or N? N

1.000
1.000
1.000
1.000
1.000
1.000
0.333
1.000
1.000
1.000
1.000
1.000

PARAY.LIQ

1.000
1.000
1.000
1.000
1.000
1.000
0.333
1.000
1.000
1.000
l1.000
1.000

HWwWuwWw oM wwWwiwww

= e O s e

.000
.000
.000
.0090
.000
.000
.333
.000
.000
.000
.000
.000

.000
.000
.Q0GC
.000
.000
.000
.333
.000
.000
.000
.000
.000



PARAMETER 10 : Power source
Do you want to use data from an existing file 2 Y or
Name of the existing file is ? PARALIQC.LIQ

The decision variable matrix is :
000

1.000 1.600 1.000 1.000 1.000 1 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 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.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.600 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

Dlease wait .....

The matrix just entered is stored in a file named PARAIQ.LIQ

Fress the RETURN key to continue

PARAMETER 11 : Avalilability of local material
Do you want to use data from an existing file ? Y or
Name of the existing file is ? PARAll.LIQ

The decision variable matrix is :

1.000 2.000 2.000 2.000 2.000 5.000 6.000 2.000 2.000
0.500 1.000 1.000 1.000 1.000 4.000 5.000 1.000 1.000
0.500 1.000 1.000 1.000 1.000 4.000 5.000 1.000 1.000
0.500 1.000 1,000 1.000 1.000 3.000 4.000 1.000 1.0060
0.500 1.000 1.000 1.000 1.000 2.000 4.000 1.000 1.000
0.200 0.250 0.250 0.333 0.333 1.000 2.000 0.250 0.250
0.167 0.200 0,200 0.250 0.250 0.500 1.000 0.200 0.200
0.500 1.000 1.000 1.000 1.000 4.000 5.000 1.000 1.000
2.500 1.000 1.000 1.000 1.000 4.000 5.000 1.000 1.000
0.500 1.000 1.000 1.000 1.000 3.000 4.000 1.000 1.000
0.500 1.000 1.000 1.000 1.000 3.000 4.000 1.000 1.000
0.250 0.333 0.333 0.500 0.500 1.000 3.000 0.333 0.333

Do you want to change data in the above matrix ? Y or N ? N

Please wait .....

The matrix Jjust entered is stored in a file named PARAll.LIQ

Press the RETURN key to continue
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l.
1.
1.
.000
.000
.000
.000
.000
.000
.000
.000
.000

ol T ol S e

2.
1.
1.
1.
.000
.333
. 250
.000
.000
.000
.000
<333

OFHFPFHFKFOOK

2 Y

0G0
000
000

7Y

000
000
000
000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.00n
1.000
1.000
1.000

2.000
1.000
1.000
1.000
1.000
0.333
0.250
1.000
1.0006
1.000
1.000
0.333

ol e el e e e e e L anl Sl ol

Wi wiw O R NN WL

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.00¢0
.000
.333
.000
.000
.000
.000
.000



PARAMETER 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 ? PARAl1Z2.LIQ

The decision variable matrix is

1.000 3.000 2.090 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 1.009
0.125 0.167 0.143 0.167 0.1867 0.333 1.000 0.143 0.143 0.167 0.167 0.333
¢.500 2.000 1.000 2.000 2.000 5.000 7.000 1.000 1.00C 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 0.50% 0.500 1.000 1.000 4.007
6.167 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 .....
The matrix Jjust entered is stored in a file named PARAl1Z.LIQ

Press the RETURN key to continue

PARAMETER 13 : Professional skill avalilable for operation & maintenance
Do you want to use data from an existing file ? Y or N 2?2 Y
Name of the existing file is 7 PARAl13.LIQ

The decision variable matrix is :
.000

1.000 1.000 1.000 2.000 3.000 5 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
1.000 1.000 1.000 2.000 3.000 5.000 7.000 2.00C 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 0.267 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
0.333 0.333 0.333 0.500 1.000 3.000 5.000 0.502 1.000 0.500 0.500 1.000
G.500 0.500 0.500 1.000 2.000 4.000 6.000 1.00C 2.000 1.000 1.000 2.000
0.500 0.500 G.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 2 Y or N ? N

Please wait .....
The matrix just entered is stored in & file named PARAl13.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 ? PARAl4.LIQ

The decision variable matrix is :
.000 6.000 8.000

1.000 2.000 2.000 3.000 4 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
0.333 0.500 0.500 1.000 2.000 4.000 6.000 1.000 2.000 1.000 1.000 2.000
'0.2%0 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
0.25%0 0.333 0.333 0.500 1.000 3,000 5.000 0.500 1.000 0.500 0.500 1.000
0.333 0.500 0.500 1.000 2.000 4.000 6.000 1.000 2.000 1.000 1.000 2.000
0.333 0.500 0.500 1.000 2.000 4.000 6.000 1.000 2.000 1.000 1.000 2.000
¢.250 0.333 0.333 0.500 1.000 3.000 5.000 0.500 1.060 0,500 0.500 1.000
Do you want to change data in the above matrix 2 Y or N ? N

Please wait .....

The matrix just entered is stored in a file named PARAl4.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 7 Y

Name of the existing file is ? PARAl15.LIQ

The decislilon variable matzrix 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 4.0006 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 0.333 1.000 0,333 0.332 0.5¢C0
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 PARA1S.LIQ

Press the RETURN key to continue
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PARAMETER 16 : Training
Do you want to use data from an existing file ? Y or N ? Y
Name of the existing file is ? PARAl6.LIQ

The decision variable matrix is :
.000 5.000

1.000 2,000 2.000 2.000 2.000 4 2.030 3.000 2.000 2
0.500 1.000 1.000 1.000 1.000 3.000 5.000 1.000 2.000 1.000 1
0.500 r1.000 1.000 1.000 1.000 3.000 5.000 1.000 2.000 1.000 1
0.500 :1.000 1.000 1.000 1.000 3.000 5.000 1.000 2.000 1.000 1
0.500 1.000 1.000 1.000 1.000 3.000 5.000 1.000 2.000 1.000 1
0.250 0.333 0.333 0.333 0,333 1.000 3.000 0.323 0.500 0.333 0
0.167 0.200 0.200 0.200 0.200 0.333 1.000 0.200 0.250 0.200 O
0.500 1.000 1.000 1.000 1.000 3.000 5.000 1.000 3.000 1.000 1
0.333 0.500 0.500 0.500 0.500 2.000 4,000 0.333 1.000 0.500 @
0.500 1.000 1.000 1.000 1.000 3.000 5,000 1.000 2.000 1.000 1
0.500 1.000 1.000 1.000 1.000 3.000 5.000 1.020 2.000 1.000 1
0.333 0.500 0.500 0.500 0.5Q0 2.000 4.000 0.322 1.000 0.500 O
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 PARAlG.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 2?2 PARAl7.LIQ

The decision variable matrix is :

1.000 2.000 2.000 4.000 4.000 7.000 $.000 2.000 4.000 2.000 2
0.500 1.000 1.000 3.000 3.000 £.000 8.000 1.000 3.000 1.000 1
§.500 1.000 1.000 3.000 3.000 6,000 8,000 1.000 3.000 1.000 1
0.250 0.333 0.333 1.000 1.000 4.000 6.000 0.500 1.000 0.5%00 O
0.250 0.333 0.333 1.000 1.000 4.000 6.000 0.333 1,000 0.333 0
0.143 0.167 0.167 0.250 0.250 1.000 3.000 0.1687 0.250 0.167 O
0.111 0.125 0.125 0.167 0.167 0.333 1.000 0.125 0.167 0.125 0O
0.500 1.000 1.000 2.000 3.000 &.000 8,000 1.000 3.000 1.000 1
n.250 0,333 0,333 1.000 1.000 4.000 6.000 0.333 1.000 0.333 0
5.500 1.000 1.000 2.000 3.000 6.000 8.000 1.009 3.000 1.000 1
0.500 1.000 1.000 2.000 3.000 6.000 8.000 1.0060 3.000 1.0060 1
0.200 0.250 0.250 0.500 0.333 2.000 5.000 0.250 1.000 0.250 O

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 file ? Y or N 2?2 Y
Name of the existing file is ? PARAIS.LIQ

The decision variable matrix is :
.000

1.0600 1.000 1.000 3.000 3.000 2 2.000 2.000 5.000 2.000 2
1.000 1.000 1.000 3.000 3.000 2.000 2.000 2.000 5.000 2.000 2
1.000 1.000 1.000 3.000 3.000 2.000 2.000 2.000 5.000 2.000 2
0.333 0.333 0.333 1.000 1.000 0.500 0.500 0.500 3.000 0.500 O
0.333 0.333 0.333 1.000 1.000 0.500 0.500 0.500 3.000 0.500 0
0.500 0.500 0.500 2.000 2.000 1.000 1.000 1.000 4.000 1.000 1
0.500 0.500 0.500 2.000 2.000 1.000 1.000 1.000 4.000 1.000 1
0.500 0.500 0.500 2.000 2.000 1.000 1.000 1.000 4.000 1.000 1
0.200 0.200 0.200 0.333 0.333 J.250 0.250 0.250 1.000 0.250 ©
©0.500 0.500 0.500 2.000 2.000 1.000 1.000 1.000 4.000 1.000 1
0.500 0.500 0.500 2.000 2.000 1.000 1.000 1.0C02 4.000 1.000 1
0.500 0.500 0.500 2.000 2.000 1.000 1.000 1.009 4.000 1.000 1

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 nazed PARALS.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 ? PARAL9.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
0.500 1.000 0.500 3.000 4.000 2.000 3.000 6.000 1.000 4.000 2
1.000 2.000 1.000 4.000 5.000 3.000 4.000 7.000 2.000 5.000 3
0.250 0.333 0.250 1.000 2.000 1.000 1.000 5.000 0.333 2.000 0
0.200 0.250 0.200 0.500 1.000 0.500 0.500 4.000 0.250 1.000 O
0.333 0.500 0.333 1.000 2.000 1.000 2.000 5.000 0.333 3.000 O
0.250 0.333 0.250 1.000 2.000 0.500 1.000 5.000 0.333 2.000 0
0.143 0.167 0.143 0.200 0.250 0.200 0.200 1.000 0.167 0.250 O
7.500 1.000 0.500 3.000 4.000 3.000 3.000 6.000C 1.000 4.000 3
0.200 0.250 0.200 ©.500 1.000 0.333 0.500 4.000 0.250 1.000 O
0.333 0.500 0.333 2.000 3.000 2.000 2.000 5.000 0.333 2.000 1
0.333 0.500 0.333 2.000 3.000 2.000 2.000 5.000 0.333 2.000 1

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 PARALlY9.LIQ

Press the RETURN key to continue
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PARAMETER 20

Endemic vector-borne

Do you want to use data from an existing file ?

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
2.000 2.000
2.000 2.000
3.000 3.000
5.000 5.000
3.000 3.000
0.333 0.333
5.000 5.000
2.000 2.000
3.000 3.000

Do you want

“lease wait

.000
.000
.000
.000
.000
.Qo00
.000
.000
.333
.000
.000
.000

Wr WO WL WA RN = s

to change data in

.....

0.500
0.500
0.500
1.009
1.000
2.000
4.000
2.000
0.250
4.000
1.000
2.000

0.
. 500
.500
.000
. 000
.000
.000
.000
. 250
.000
.000
.000

N6 ONLANKFEFEFOO

500

0.
0.333
0.
0.500
0.
1.000
3.000
1.000
0.
3.000
0.
1.000

the above matrix ?

333

333

500

200

500
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.200
.200
.200
.250
.250
.333
.000
.333
.143
.000
.250
.333

HoworHwkHFEoooo o

.333
.333
. 333
. 500
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.000
.000
.000
.200
L0033
.50%
009

(water-related)

U <J = U QWU s WL

The matrix just entered is stored in a file nazed

You have already entered all the necessary data

Press the RETURN key to continue

Y or

.000
.000
.000
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.000

diseases

N2 Y

0.200
0.200
0.200
0.250
0.250
0.333
1.000
0.333
0.143
1.000
0.250
0.333

N aONLANEFEFRPRPOOO

Y or N ? N

'PARA20.LIQ"

Please wait. Calculation of the ranking of the alternatives
is in process.

The ranking

Alternative
Alternative
Alternative
Alternative
Alternative
Alternative
Alternative
Alternative
Alternative
Alternative
Alternative
Alternative

is

RANKING IN %

W ~Jon g i) bk

7.
66 .
65.
50.
55.
84,
84,
82.
63.
100
63.
86.

32462
4855

83235
38338
20052
51299
36512
550393
00436

26463
33479
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8.3 Computer Run for Min Shen STP (Tajwan)

This section must be read in conjunction with Section
7.5 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 = 10

PARAMETER 1 : Flow

Do you want to use data from an existing file ? ¥ or N ? ¥

Name of the existing f£ile is ? PARAl.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 4.00C 4.000
2.000 1.00C 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 'PARAL1.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 7 Y
Name of the existing file is ? PARAZ.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 2.000 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 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 2.0600 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?7 N
Please wait .....
The matrix just entered is stored in a fiie named PARAZ.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 cof the existing file is ? PARA3.LIQ

The decision variable matrix is

1.000 0.200 0.200 0.111 90.111 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
2.000 5.000 5.000 1.000 1.000 1,000 1.000 7.000 1.000 1.0090
3.000 0.333 0.333 0.143 0.143 0,143 0.143 2.000 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 ? ¥
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 mazrix ? Y or N ? N
Please wait .....
The matrix just entered is stored in a fils 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 ? PARAS5.LIQ

The decision variable matrix is :

1.000 0.333 0.333 0.200 0.111 0.111 0.143 £.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 1.000C 0.200 0.200 0.333 £.000 2.000 0.333
9.000 7.000 7.000 5.000 1.000 1.000 3.000 7.000 S.000 3.000
3.000 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 PARAS5.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 file ? Y or N ?2 Y
Name c¢f the existing file is ? PARAG6.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 J2.250 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 fils named PARAG6.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 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 3.500 0.500 1.000
1.000 1.000 1.000 1.6600 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 :.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 walit .....
The matrix just entered is stored in a file 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 ? ¥
Name of the existing file is ? PARA8.LIQ

The decision variable matrix is

.000 1.000

1.000 1.000 1.000 1 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
1.006 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 PARAB.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 PARAY.LIQ

Press the RETURN key to continue
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PARAMETER 10 : Power source

Do you want to use data from an existing tile ? Y or N ? Y
Name of the existing file is ? PARA1O.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 1.0G0 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1,000 1.000 1.000 1.000 1.000 1.000 1.000 1.0G00
1.000 1.000 1.000 1.0060 1.000 1.000 1.000 1.000 1.000 1.000

Do you want to change data in the above marrix ? Y or N ? N
Please wailt .....
The matrix just entered is stored in a file named PARAl1O.LIQ

Press the RETURN key to continue

PARAMETER 11 : Availability of local material
Do you want to use data from an existing file 2 Y or N ?2 Y
Name of the existing file is ? PARAll.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 1.000 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 PARAll.LIQ

Press the RETURN key to continue
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PARAMETER 12 : Cost of operation & malnterance
Do you want to use data from an existing £ile ? Y or N ? ¥
Name of the existing file is ? 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 9.500 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 3.500 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 fi:e named PARALZ.LIQ

Press the RETURN key to continue

PARAMETER 13 : Professiocnal skill availatle for operation &
maintenance

Do you want to use data from an existing file ? Y or N ? ¥

Name of the existing file is ? PARA13.LIQ

The decision variable matrix is

1,000 1.000 1.000 1.0600 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 2.060 3.0600 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 5.333 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 Z.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 2.500 0.500 1.000

Do you want to change data in the above mazrix ? 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 sklll avallable for operation
& majintenance

Do you want to use data from an existing file ? Y or N ? Y

Name of the existing file is ? PARAl4.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 2 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 ? PARA15.LIQ

The decision variable matrix is

1.000 1.000 1.000 1.000 2.000 3.000 1.000 1.000C 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 2.600 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 2.600 3.000 1.000 1.000 1.000 2.000
1.000 1.000 1.0G60 1.000 2.000 3.000 1.000 1.000 1.000 2.000
1.000 1.000 1.000 1.000 2.000 3.000C 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 walt .....

The matrix just entered is stored in a file named PARA1S5.LIQ

. Press the RETURN key to continue
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PARAMETER 16 : Training
Do you want to use data from an existing file ? Y or N ? Y
Name of the existing file is ? PARAl6.LIQ

The declision 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 PARALI6.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 PARAl7.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 0.3233 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 2,000 5.000 1.000 1.000 1.000 23.000
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 PARAL7.LIQ

Press the RETURN key to continue
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PARAMETER 18 : Climate
Do you want to use data from an existing file ?2 Y or N ? Y
Name of the existing file is ? PARAlB.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 1l.000
1.000 1.000 1.000 1.000 1,000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.0090
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.00v 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.0060 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 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 7 Y
Name of the existing file is ? PARALIS.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 PARALI9.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.LIC

The decision variable matrix is

1.000 1.000 1.000 1.000 1.000 1.000 1.00C 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.00G 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1,000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 21.000 1,000 1.000 1.00C 1.000 1.000 1.000

Do you want to change data in the above rz:trix ? Y or N ? N
Please wait .....

The matrix just entered is stored in a fi.2 named PARAZO.LIQ

You have already entered all the necessarv 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
Alternative 8 65.81622
Alternative 9 88.19032
Alternative 10 85.22399
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8.4 Computer Run for shatin STP (Hong 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

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 ? PARAl.LIQ

The decision variable matrix is :

1.000 0.333 0.167 0.111 0.111 3.600 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
3.000 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 S.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 'PARALY.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 ? PARA2Z.LIQ
The decision variable matrix is

.000
.000
.000
.000
2111
.000
.000
.000

.000
.000
.000
.000
.111
.000
.000
.000

.500
.500
.000
.000
<111
. 000
.000
.000

.333 9,000 0.333 0.333
.333 9.000 0.333 0.333
.500 9.000 0.500 0.500
.000 9.000 1.000 1.000
.111 1.000 0.111 0.111
.000 9.000 1.000 1.000
.000 9.000 1.000 1.000
.000 9.000 1.000 1.000

.333
. 333
.500
.000
111
.000
.000
.000
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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 PARAZ2.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 wvariable matrix is

1.000 1.000 0.200 0.111 0.111 1.000 0.111 0.211
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 0.111 0.111 1.000 0.111 2.111
9.000 9.000 5.000 1.000 1.000 9.000 1.000 1.000
$.000 9.000 5.000 1.000 1.000 9.000 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 decicsion 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 7.000 1.000 1.000
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 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 2.000 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 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

.111 3.000
.125 5.000
.167 6.000
.200 7.000
.000 9.000
.111 1.000
.333 7.000
.333 7.000

.143
.167
.250
.000
.000
.143
. 000
.000

.143
167
.250
.000
.000
.143
.000
.000

.000 0.500
.000 1,000
.000 3.000
.000 6.000
.000 8.000
.333 0.200
.000 6.000
.000 6.000

.250
.333
.000
.000
.000
.167
.000
.000

.143
.167
. 250
.000
.000
.143
. 000
.000
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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
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PARAMETER 6 : Local money for constructior

Do you want to use data from an existing file ? Y or N ? v
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.G00
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 mz=rix ? Y or N ? N
Please wait .....
The matrix just entered is stored in a fii:z named PARAG.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 2 Y
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 masrix 9 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 8 : Local skill for construction

Do you want to use data from an existing file ? Y or N ? v
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 PARAB.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 ? PARAY9.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 l.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 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
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PARAMETER 10 : Power source

Do you want to use data from an existing file 2 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

Do you want to change data in the above matrix ? Y or N ? N
Please wait .....
The matrix just entered is stored in a fiie 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 ? Y or N 7 Y
Name of the existing file is ? PARA1l.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
1.900 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 N2 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 & malntenance

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 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 2.0090
1.000 1.000 1.000 2.000 1.000 1.000 1.0008 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 matrix ? 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 2 Y
Name of the existing file is ? PARALI3.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
1.0060 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 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 2 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 ? PARAl4.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 1.00C 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 2 Y or N ? N

Please wait .....

The matrix just entered is stored in a fils named PARAL4 . LIN

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
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Do you want to change data in the above matrix ? Y or N 2 N

Please wait .....

The matrix just entered is stored in a file ramed PARA1S5.LIQ

Press the RETURN key to continue
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PARAMETER 16 : Tralning

Do you want to use data from an existing file ? Y or N ? Y
Name of the existing file is ? PARAlG.LIN

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 fila named PARALI6.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 ? PARAL17.LIQ
The decision variable matrix is
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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 file ? Y or N 2?2 Y
Name of the existing file is ? PARA18.LIQ

The decision wvariable 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
6.500 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 want to change data in the above matrix ? Y or N ? N
Please wait .....
The matrix just entered is stored in a file named PARAlB8.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 ? PARAl9.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 1.00¢ 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 wait .....
The matrix just entered is stored in a file named PARALlS.LIQ

Press the RETURN key to continue
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PARAMETER 20 : Endemlc vector-borne (water-related) diseases

Do you want to use data from an existing file 2 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
1.00M 1.000 1.000 1.000 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 PARAZ20.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 59.72916
Alternative 2 60.72353
Alternative 3 67.37144
Alternative 4 100
Alternative 5 85.68993
Alternative 6§ 58.68803
Alternative 7 93.35902
Alternative 8 89.88984
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8.4.2 Reflned Selection

This section must be read in conjunction with Section
7.6 of Chapter 7. The following is a record of running the

model.

RANKING OF LIQUID TREATMENT ALTERNATIVES

Order of decision variable matrix iz n x n where n = 7

PARAMETER 1 : Flow

Do you want to use data from an existing file ? Y or N 2 Y

Name of the existing file is ? PARALI.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 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 2 : Influent / Effluent

Do you want to use data from an existing file ? Y or N 2?2 Y

Name of the existing file is ? PARAZ.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 L.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 matrix ? Y or N ? N
Please wait .....
The matrix just entered is stored in a fi:e named PARAZ.LIQ

Press the RETURN key to continue

PARMAMETER 3 : Size of site

Do you want to use data from an existing file ? Y or N ? Y

Name of the existing file is 7?7 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 f£ile 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 ? ¥

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 1.000C 1.000 1.000 1.000 1.000
1.000 1.000 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 2?2 N

Please walt .....
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 2 Y or N ? Y

Name of the existing file is ? PARAS.LIQ

The decision wvariable 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 5.000 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 £.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 walt .....

The matrix just entered is stored in a file named PARAS.LIQ

Press the RETURN key to continue
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PARAMETER 6 : Local money for constructicn

Do you want to use data from an existing file ? Y or N 2 ¥

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 matrix ? Y or N ? N
Please wait .....
The matrix just entered is stored in a file named PARAG.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 1.00C 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 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 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 ? 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 1.0600 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 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

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

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 PARAY9.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 ? PARAlQ.LIQ

The decision variable matrix is
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Do you want toc change data in the above matrix ? Y or N ? N
Please wait ....
The matrix Just entered is stored in a file named PARAl1O.LIQ

Press the RETURN key to continue

PARAMETER 11 : Availability of local material

Do you want to use data from an existing file 2 Y or N ?2 Y

Name of the existing file is ? PARAIl.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 1.0600 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 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 2 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 & malntenance

Do you want to use data from an existing file ? Y or N ? Y

Name of the existing file is ? PARAL2.LIQ

The decision variable matrix is :
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Do you want to change data in the above matrix ? ¥ or N ? N
Please wait .....
The matrix just entered is stored in a filz named PARAL1Z.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 ? PARAl13.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 1.0600 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 2 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 aval.lable for operation
& maintenance

Do you want to use data from an existing Zile ? Y or N ? Y

Name of the existing file is ? PARAl4.LIC

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 1.0n0 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.» named PARAl4.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

Do you want to change data in the above matrix ? Y or N 2 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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PARAMETER 16 : Training

Do you want to use data from an existing file ? Y or N ? Y

Name of the existing file is ? PARAL16.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 2.900 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 file named PARAl6.LIQ

Press the RETURN Kkey to continue

PARAMETER 17 : Professional ethics

Do you want to use data from an existing file ? Y or N 2 Y

Name of the existing file is ? 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 PARAl7.L1IQ

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 ? PARAl8.LIQ

The decision variable matrix is

.000
.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

.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.000
.000
.000

.000
.000
. 000
.000
.000
.000
.000

= e
s e s
Pt = e e
e e N
o

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 PARAl18.,.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 1.060 1.000 1.000 1.000 1.000 1.000
1.000 1.000 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 2 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 20 : Endemic vector-borne (water-related) diseases

Do you want to use data from an existing file ? Y or N 2 Y

Name of the existing file is ? PARA20.LIQ

The decision variable matrix is

.000 1.000
.000 1.000
.000 1.000
.000 1.000
.000 1.000
.000 1.000
.000 1.000

.000
.000
.000

.000
.000
.000
.000 1.000
.000 1.000
.000 1.000
.000 1.000

.000
.000
.000
.000
.000
.000
.000

.000 1.000
.000 1.000
.000 1.000
.000 1.000
.000 1.000
.000 1.000
.000 1.000

el e N

(ol ol el

[l Sl ol el
[l Nl

[allamill ool ol Sl ol o

s o

Pt bt Pt

Do you want to change data in the above matrix ?2 Y or N ? N
Please wait .....

The matrix just entered is stored in a f£ile 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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RART 4

FURTHER DEVELOPMENT AND CONCLUSION




CHAPTER 9 ~-- FORECASTING CHANGES ON APPROPRIATE
TECHNOLOGY WITH TIME

9.1 Sensjitivity Analysls

The model has been tested in Chapters 7 and 8 and the
results obtained are found to be satisfactory. The next
question, now, 1is : how will the appropriate technology
change as social'and environmental conditions in a given
situation change with time, or in other words, how
sensitive is the model developed? Sensitivity analysis is
concerned with investigating the sensitivity of the
response of the model to chanqges in data Input. In the
context of this research, sensitivity analysis means the
investigation of 'the change of optimal treatment
alternative resulting from a change of decision wvariable

matrices of certain parameters.

It must be pointed out that a detailed angd thorough
sensitivity analysis of the technique of eigenvector
prioritization requires a profound mathematical knowledge
background. It is an area in which, perhaps, only
mathematicians should carry out the investigation. A
limited approach to the topic was initiated by Vargas in

1983¢37,

His work was confined to 3 x 3 reciprocal
matrices only and he concluded that higher-dimension
reciprocal matrices do not have a generalized property and

the sensitivity analysis of the latter is very complex(3).
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To the knowledge ¢f the author, no further work has so far
been done by others after vargas. Therefore, there is a
large amount of work in this area left to be explored by
mathematicians, and it is beyond the scope of the present
research to enter deeply into the theory of sensitivity

analysis of the mathematical technique applied 1in the

model. The intention of the author, however, is to, before
ending the thesis, throw out an idea by which the technique
of sensitivily analysis may be applied in order that the
model developed in this research can be extended to be able
to forecast a change of the appropriate technology required

as conditions described by certain parameters alter with

time,
9.2 11 iv e

There are certain parameters (e.q. Parameter 18:
climate) which will not alter with time. The parameters

which are most vulnerable to changes are the subjective /
intangible factors { see Section 4.2.2 of Chapter 4).
Professional skill for 0 & 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 STP is used as an example. The
original decislion varlable matrix of Parameter 13 1is
reproduced in Fig. 9.1. If the professional skill tis

forecast to improve in fifteen years time, say, then the
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Simple Blo- Bio- Oox1- Pack- Pack-
bio- filter filter Deep datlion age age
filter (recir) (ADF) A.5. 05 shaft RBC ditch Plant 0,

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 1/2 }’2 1/2 1
6 All lower triangula: 1 }3 }3 }5 ¥§

elements = ajyj
7 = .1 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-
bio- filter filter Deep dation age age
filter (recir) (ADF) A.S. 05 shaft RBC ditch Plant 0,

Alt

No. 1 2 3 4 5 & 7 8 9 10
1 1 1 1 1 1 1 1 1 1 1
2 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 triangular 1 1 1 1 1

elements = ay;
7 = i = 1 1 1 1 i
aij
8 1 1 1
9 1 1
10 1
Fig. 9.2: New Decision Variable Matrix for Para 13 (Talwan)
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decision varlable matrix 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 handling all types of treatment alternatives

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, remaln the same, depending on the siguatlon in
gquestion. The new ranking of the alternatives will be
calculated wusing 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 compﬁter program

SENSIANA is to be described in the following section.

9.3 The Computer Prodqram

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 language(Z) and can be run on
an IBM personal computer (or any XT or AT) after

compilation(l).

The parameter matrix, similar to the one used 1in

MODEL, is again a built-in feature of SENSIANA. Users do
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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 wvariable matrices of ¢the
parameters which they forecast will change. A user's
manual of SENSIANA is given in Appendix B.2.1. A flow
chart of the program and a 1listing of it are given 1in

Appendices B.2.2 and B.2.3 respectively.

It should be borne in mind that values of the decision
variable matrices 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
calculation in which data of six decimal places will be

used throughout.

After running SENSIANA, k new £files will be created
where k is the total number of parameters whose decision
variable matrices are amended. The names ©f these k new
files are "PARA*.LIQ" where * represents the parameter
number. The k o0ld files of the original decision variable
matrices will be erased automatically. 1In addition, a new
COMPOMAT.LIQ file, storing the data of the new composite
matrix, and another file named 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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9.4.1 Forecasting Changes

The computer program MODEL was run in Section 8.3 of
Chapter 8 and the background was described in Section 7.5
of Chapter 7 for Min Shen STP of Taiwan. In this Section,

SENSIANA will bhe run for the same plant.

Assuming that the +training of professionals and
technicians (ie. Parameter 16) in Taiwan is already good,
it 1is then forecast that in fifteen years both the
professional skill and the local technical skill available
for operation and maintenance (ie. Parameters 13 and 14)
will become very much better. In addition, éfter fifteen
years of gocd training, professional ethics (ie. Parameter
17) of the personnel involved with the STP will also be
excellent, In such a situation, it is assumed that the
decision variable matrices of Parameters 13, 14, 16 and 17

will become all-one matrices (see Fig. 9.2).

Based on the above assumptions, the decision variable
matrices of Parameters 13, 14, 16 and 17 are to be amended
and their elements are 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 + tertlary treatment (le. Decision Variable
5 ) is the most appropriate treatment alternative instead
of primary 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
variables to be ranked as given on Page 116 (Section 7.5)
should also be referred to. The following 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 (ie. the Kth parameter, K = 1 to 20) is ? 13
The decision variable matrix is:

.000

.000 1.000 1.000

1 1 1 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
0.233 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 ? Y

You only have to enter the upper triangular elements

A1 , 1) = 1
Al , 2 ) = 1
A(Cl , 3 )= 1
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The decision variable matrix is:



il ool ol ol ol adl ol il oy

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.000
.000
.000
.000
.000

= e = e

Do you want

Do you want

.000 1.000

1.000
.000
.000
.000
.000
.000
.000
.000
.000

Tl T

.000
.000
.000
.000
.000
.000
.000
.000
.000
.0090

et e b

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

bt = b e e

to change data in

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

= b b e B

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

bt et b i Pt pt pasd s pmt

the above matrix?

to change another decision variable

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
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 N2 N

matrix 7 Y

Enter the parameter number whose matrix is to be reviewed.

The number

(

ie. the Kth parameter, K = 1 to 20) is ?

The decision variable matrix

OO = OO0 O P =

.000
.000
.000
. 500
. 333
.250
. 000
. 000
.500
.333

1.000
1.000
1.000
0.500
0.333
0.250
1.000
1.000
0.500
0.333

.000
.000
-000
.500
. 333
.250
.000
.000
.500
.333

OO OO QOQHM=H

.000
.000
.000
.000
.500
.333
.000
.000
.000
0.500

HNNOO RN

3.000
3.000
3.000
2.000
1.000
0.500
3.000
3.000
2,000
1.000

Do yoh want to change data in

You only
A(C 1 , 1)
AC 1l , 2
A1 , 3
AC 1, 4
A( 1l , 5
A(C 1 , 6 )
ACl , 7
A( 1, 8)
AC1 , 9
A( 1, 10 )

(ol el Sl ol ol ol ol

is:

4.000
4.000
4.000
3.000
2.000
1.000
4.000
4.000
3.000
2.000

.000
.000
.000
. 500
.333
. 250
.000
.000
0.500
0.333

PO OO

1.000
1.000
1.000
0.500
0.333
0.250
1.000
1.000
0.500
0.333

. 000
.000
.000
.000
.500
.333
.000
.000
.000
.500

OFEFNNOQOKNNKN

14

3.000
3.000
3.000
2.000
1.000
0.500
3.000
3.000
2.000
1.000

the above matrix? Y or N 7 Y
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Al
A
Al
Al
Al

NN NN N

A( 9
A( 9
A( 10

The decision variable matrix is:

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

R R T T o

L I

b 2 o e e

Ao WD

— e gt Nt St

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

Do you want

Do you want

=

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

[ I TN Sy SRy P S R

to change data

(S e S o SR o S ey T

.000
.000
.000
.000
.000
.000
.000
.0o00
.000
.000

= e s

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

P Y = Jy WPy Sy T

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

ot ol ol N e ol e

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

— bt s bl e bt e et b

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

in the above matrix?

to change another decision variable

1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
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
matrix ? Y

Enter the parameter number whose matrix is to be reviewed.

The number (lie.

The decision variable matrix is:

.000
.000
.000
.000
.000
.333
.000
.000
.000
.000

e b s O b e e

o O e

.000
L0090
.000
.000
.000
.333
.0o0
;000
.000
. 000

.000
.000
.000
.000
.000
.333
.000
.000
.000
.000

Ll el e B o

o D e e

.000
.000
.000
.000
.000
. 3133
.000
.000
.000
.000

b= et et Ot B e e

.ano
.000
.000
.000
.000
. 333
.000
.000
.000
.000

oy L b W W
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the Kth parameter,

.000
.000
000
. 000
.000
.000
.000
.000
.000
.000

b ok bt ok (D et e b

1l to 20)

.000
.000
-000
.000
.000
.333
.000
. 000
.000
.000

Bt s et et D s e

.000
.000
.0090
.000
.000
.333
.000
.000
.000
.000

is ?

.000
.000
.000
.000
.000
.333
.000
.000
.000
.000

et b et O et e

16

1.000
1.000
1.000
1.000
1.000
0.333
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

Al
Al
Al
A(
A(
A(
Al
Al
Af
A
Al
Al
Al
A(

Al
Al
Af

LS LS IS L o el T e ]

W M owm M W M W R m W W, WM w, W

3,
9.
10

Nt N gl Wont st amt e ma

o
Nt

wounoaon

Nde WNFHWE-~-IOU .o W

vt gt vt

10 1}
, 10 )

ma o W Hopn il
o e b s e

[}
[

[l el o

The decision variable matrix is:

= b s b e s

.000
.000
.000
.000
.000
.000
.000
. 000
.000
.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Do you want

Do you want

1.000
1.000
l1.000
1.0090
1.000
1.¢00
1.000
l1.000
1.000
l1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

to change data in

to change another

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

bt bt et b bbb et e

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

the above matrix?

decision variable

.000
.000
.000
.000
1.000
1.000
1.000
l1.000
1.000
1.000

e

1.000
1.000
1.000
.000
.000
.000
. 000
.000
.000
1.000

Ll ol o i

Y or N2 N

matrix ? Y

Enter the parameter number whose matrix is to be reviewed.

The number (ie.
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the Kth parameter, K = 1 to 20) is ?
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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 3.000C
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 upper triangular elements
A(l;l)'—'l
Al , 2)= 1
ACl , 3 )= 1 i
A1l , 4 ) = 1
Al , 5 ) = 1
Al , 6 ) = 1
A(Cl , 7)y= 1
ACl , 8 )= 1
A1, 9 )= 1
A(1 , 10 ) = 1
a( 2 , 2 ) = 1
A( 2, 3 )y = 1
A( 9 , 9 )= 1
A(C 9 , 10 ) = 1
A( 10 , 10 ) = 1
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
1.600 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.006 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 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
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Do you want to change another decislion variable matrix ? N

Please wait. Calculation of ranking of the alternatives
is in process.

The ranking is:

RANKING IN %

AlternAative 1 58.60932
Alternative 2 66.74297
Alternative 3 66.74297
Alternative 4 94.03391
Alternative 5 100

Alternative &6 90.31671
Alternative 7 99.60104
Alternative 8 64.86311
Alternative 9 88.515867
Alternative 10 89.39321

9.5 Observation

It can be seen from Section 9.4 that there will be a
change of approprliate technology for Min Shen STP |f
certain social and environmental conditions change with
time, The author has also tried to run SENSIANA to3éarry
out forecasting exercises for wastewafer treatment plants
other than Min Shen, but these were not successful in
obtaining different rankings c¢ompared tc those obtained
previously shown in Chapters 7 and 8. The reason may
probably be this : if iIn the original ranking (ie. result
obtained by running MODEL) the Aifference in % between the

first best and the second best alternatives is 10% or more
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then the flrst alternative will not eastly become the
second or lower in the sensitivity analysls. 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 1is 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.

3.6 A Further Illustration

It is a bit unfortunate that the wastewafer treétment
plants under test except the Min 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 imaginary 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 relatjvely 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 ma/day), who live in a 1low density

1910




residential housing estate near Tun Mun. The site given
for the plant 1s located at a corner of the estate. It is
not a large site and treatment methods regquiring large area
are therefore not suitable. Effluent standard of "Royal
Commission Recommendation" is required. As the residents
would like to see only minimal exposed sewvage, the manage-
ment of the housing estate has decided that only package

sewage treatment plants should be used.

Tt 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,

.+ H or category a, b, ..... , 1 of Fig. 4.1 of Chapter 4.
The initial ranking is neqlected 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 is to select the best alternative out of
four, namely, decision wvariables 43, 44, 45 and 46 as
described in Section 4.3 of Chapter 4. They are reproduced

hereunder for easy reference.

Treatment Alternative Description
1 Package activated sludge plant
2 Packaqge activated sludge plant
+ Tertiary treatment
3 Package high-purity oxygen
plant
4 Package high-purity oxygen

pPlant + Tertiary treatment
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The 20 decision variable matrices for

are as follows:

PARAMETER 1

1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000

PARAMETER 2

1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000

PARAMETER 3

1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000

PARAMETER 4 -

1.000 1.000
1.0060 1.000
1.000 1.000
1.000 1.000

PARAMETER 5

1.000 2.000
0.500 1.000
3.000 3.000
3.000 3.000

PARAMETER 6

1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000

Flow

1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000

Influent / Effluent

1.000
1.000
1.000
1.000

.000
.000
.000
.000

| el ol I

Size of site

1.000 1.
1.000 1.
1.000 1.
l1.000 1.

0090
000
000
000

Nature of

1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000

Land cost

0.333 0.
0.333 0.
1.000 2.
0.500 1.

3313
333
000
000

Local

1.000 1.
1.000 1.
1.000 1.
1.000 1.

000
000
000
000

site

money for construction
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PARAMETER 7

1.000 1.000
1.000 1.000
0.500 0.500

Forelgn money for constructlon

2.000 2.000
2.000 2.000
1.000 1.000

0.500 0.500 1.000 1.000

PARAMETER 8 Local skill for construction
.000 1.000 1.000 1.000
.000 1.000 1.000 1.000
.000 1.000 1.000 1.000
.000 1.000 1.000 1.000

e el

PARAMETER 9 Community support
.000 1.000 1.000 1.000
.000 1.000 1,000 1.000
.000 1.000 1.000 1.000
.000 1.000 1.000 1.000

b e

PARAMETER 10 Power source
.000 1.000 1.000 1.000
.000 1.000 1.000 1.000
.000 1.000 1.000 1.000
.000 1.000 1.000 1.000

el el )

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
.000 1.000 2.000
.000 1.000 2.000
.500 0.500 1.000
.500 0.500 1.000

.000
.000
.000
.000

SO e
(TN CEN

PARAMETER 13 Professional skill for operation & maintenance
.000 1.000 1.000 1.000
.000 1.000 1.000 1.000
.000 1.000 1.000 1.000
.000 1.000 1.000 1.000

b
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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

1.0600 1.000 1.000 1,000
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 1.00Q0

PARAMETER 20 : Endemic vector-borne (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 above twenty declision variable matrices are input

into the MODEL and the ranking calculated is:

RANKING IN %

Alternative 1 100
Alternative 2 99.59249
Alternative 3 98.8111
Alternative 4 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 varjable 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 = 1 to 20) is ? 2
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The original decislion 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 7 y

You only have to enter the upper triangular elements

ACL , V)= 1
AC1, 2 ) = .333333
AC1, 3) = 1
AC 1, 4 ) = .333333
A( 2, 2) = 1
A(C 2, 3) = 3
AC 2, 4) = 1
A(C 3, 3 1) =1
A( 3, 4 ) = .333333
AC 4, 4 ) = 1

The new decision variable matrix is:

.000 0.333 1.000 0.333
.000 1.000 3.000 1.000
.000 0.333 1.000 0.333
.000 1.000 3.000 1.000

W W

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 %

Alternacive 1 83.71711
Alternative 2 100

Alternative 3 B2.62343
Alternative 14 98.15552
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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
thinking of building new houses on the surrounding grass
lawns. As such, reuse of effluent is no more required.
The current land cost, however, 1is much higher than in
those earlier years and the management may have to expand
the housing project at the expense of the curtailment of
the site for sewage treatment. Now, the decision variable
matrix of Parameter 5 (le. 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 ? S5

The original decision variable matrix 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 !n the above matrix? Y or N ? Y

You only have to enter the upper triangular elements

ACl , 1) = 1
AC1, 2) = 3
AC 1, 3 ) = .,142857
A( 1, 4 )= .,166666
AC 2, 2) = 1
A 2, 3)= .12%
A(2 , 4 ) = .142857
A( 3,3 )= 1
AC 3, 4 ) = 13
AL 4, 4) = 1

The new decision variable matrix is:

.000 3.000 0.143 0D.167
.333 1.000 0.125 0.143
.000 8.000 1.000 3.000
.000 7.000 0.333 1.000

N~ D

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 99.,34187
Alternative 2 98.98346
Alternative 3 100

Alternative 4§ 97.49687

It can be seen that the best alternative has changed

again to Package high-purity oxygen plant (le. Alternative
3).
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The above 1Is an Imaginary situation by which the
application 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 guggestion for Further Works

This research has proposed a 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 model cdeveloped 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 1s that sludge treatment alternatives
are not consldered in the model. Sludge treatment is an
inseparable part of wastewater treatment and should be
planned and designed together with liquid treatment. It is
suggested 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
ligquid treatment selection model will also be used in the
sludge treatment selectlon model. Only a few parameters
might need to be deleted and a few added. The first 3 hest

alternatives from running the liquid treatment model and
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the flrst 3 best ones from the sludge treatment model will
be combined to form a total of 9 (le. 3 x 3) decision
variables. They will then be ranked by using a similar
approach so that the best 1liquid-cum-sludge treatment
alternative can be obtained. It may be possible that a
computer program be written such that this whole process

will be done internally and avtomatically 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
i1s a very tedious and time consuming task. The author has
spent weeks in constructing the matrices as shown 1in
Chapter 8. 1In order that the model will be of a practical
value in engineering application an easier and a less time
consuming method in this respect should be investigated. a
method to improve this drawback is to identify an order of
preference for the decislion 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. The matrices constructed in this way, however,
will be totally consistent. Therefore, this suggested
method will have the advantage of shortening the time of
construction but will also have the dlsadvantage of
ignoring the Inconsistency wusually existing in real
sltuations which can only be reflected when individual

pair-wise comparisons are made,. Secondly, a more
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systematic procedure {in considering thes (indicators as
described by the parameters should also be developed so
that the construction of decision varliable 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 subjectlve parameters. This
systematlic procedure should be looked Into along side with
the problem assocliated with matrix construction dlscussed

in the earller part of this paragraph.

As mentioned in Section 9.5 of Chzazter 9, further
works should be done on the sensitivizy analysls (or
forecasting exercise), both in theory ard in systematic
application. The author has only thrown out an idea in the

chapter and a large amount of possible development will

need to be explored.

Although 1t is the author's belief that the parameter
matrix proposed in this thesis 1s a sound one, yet it does
not mean that no further improvement will be necessary in
the future. It 1s self-evident that "two heads are better

than one", and in this case, several heais will be even

better. The use of expert opinion, the Delphi
technlquetl’Z), 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 1is achleved by means of a serjes of intensive
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questlionnaires interspersed 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 technigue is

outside the scope of this thesis.

In the Delphi method, each expert selected responds
anonymously to the series of questionnalres to avoid
disproportionate influence of strong personalities,
Another method, differing appreciably from the Delphi
approach, 1is to gather the experts together for open
discussion. Iin attempting to present their arguments
openly, the experts provide Jjudgements by mutual agreement
and revislion of views. This second method Is a simpler and
quicker procedure than Delphli and its results can be highly
effective. Its only disadvantage 1is that some strong
perscnalities in the group may influence the views of the
others in face to face discussion. Nevertheless, both
methods of analysing the problem will improve the quality
of Jjudgements. The author believes that the accuracy of
the model will be improved if either one of the methods be

empleoyed in judging the parameter matrix.

Furthermore, the 46 decistion variables 1listed 1in
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 englineerling applications.
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APPENDIX B.1.1 --- USERS' MANUAL (MODEL)

B.1.31.1
Type "Model" against the "A>" prompt (or "C>" prompt
if a hard-disc of XT or AT is used) and then press <ENTER>,

The following will be shown on the screen:

*t************************t******t******tt!****************
*

* RANKING OF LIQUID TREATMENT ALTERNATIVE?

x

*

*

x

* Order of decision variable matrix is n x n where n = *
b *
*

*****************t*************t*******t*!t***************

Then, type the number of decision wvariatles to be ranked

and press <ENTER>. The computer will respond as follows:

**t********t**************t********t*****tt*******t********

PARAMETER 1: Flow

* x
* x
* x
* Do you want to use data from an existing file? Y or N? *
% *
x ®

***tt*********t******t********tt***t***tit**t*****tt**t**

The answer can either be (i) No or (ii1) Yes
If the answer is No then see (i) hereunder. If the answer

is Yes then see (ii) in Section B.1.1.2.

{1} No: Respond by typing "N" and then »ressing <ENTER>
if the data are not already storad in an existing
data file. The computer will then respond as

follows:
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¥ % o ® o % n

So, input aj; (up to six decimal Places! against the w?n
prompt and press <ENTER)>. The Computer will then continue
to ask one to enter 42412, 213 and so on until all the upper
triangular elements (ie aj3 for 1 ¢ 1 < j ¢ n) are entered.
After the 1last element, 4nns has been entered, the

following will appear on the screen:

ttt*tt***ttt**t*t**t*****t*****t***tt**ttttt*t****tt!t**l**
*

* The n x n matrix Just entered is:

x

. - N

*

*

x

%

*

(all elements are shown here up *
to three decimal places although *
they have been entered in six *
decimal places) *
*

x

*

*

b g

*

L p

Do you want to change data in the above matrix? Y or N?

¥ % N N N % N 0w

t*tttttttt*tt*t*t*****tt1**I**ittt*ttttttittttt*l*t****t*

If the answer is Yes, type "Y" and press <INTER>. The user
will then be asked to enter data again in the same manner
as just described. If the answer is no, type "N"™ and press
<ENTER>. The computer will tell one to vait for a short
while, and will then show on the screen that this matrix is

stored in a file named "PARALl.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:

********************t********t****t**t*!itt*tt*******t*t***

PARAMETER 2: Influent / Effluent

* *
* ®
X *
* Do you want to use data from an existing file? Y or N? =*
x *
X x

***********************t*******t*******itt********tt*****

Now, the user is asked to input data for parameter 2. So,
repeat responding to the computer in a similar manner as
previously described until data for all the 20 parameters

are entered.

B.l.1.2
(i1) Yes: If data are already stored in an existing file,
type "Y" and then press <(ENTER>. One will see

the following on the screen:

t***********!***i*************t**********it**********t*****

X *
* Name of the existing file is? x
x *

**t*********t*tt****t****t*#****t*******tttt******t********

Type the name of the existing data file "PARALl.LIQ" (data
files are named as PARA1.LIQ2, PARAZ.LIQ, ..... ’
PARA20.LIQ) and then press <ENTER>. The computer will

respond as follows:
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t***t**ti*i*****************t**i**!***l**!l****!tt*****ﬁ**t

* *
* The decision variable matrix is *
x N x
x ( x
* (all elements of *
® the matrix are *
x shown here) *
x x
x* 4
x /
* Do you want to change data in the above matrix? Y or N? =%
* *
tt**t*tl*t*tt**t***t******ttt**i*ttt*ttttltt***ttt*tt***tt*

If the answer 1is no, then continue to interact with the
computer as previously described. If the answer is yes,

then the compute will ask the user to re-enter a1, a1z,

Ancther feature of the progranm 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 lnconsistent, the computer will inform the user of

it and ask 1f he wants to revise the data.

B.l.1.4

Keep on responding to the computer until all data are
entered into the model. After the data for Parameter 20
have been entered, one will see the following on the

sSCcreen:
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t****tit***k_*t*t**t***tk**************t*ti!t*t*tt*t***t***
x %
* You have already entered all the necessary data *
x X
* Press the RETURN key to continue x

%

*

x
N S R R 222222322223 2 2R a2 2R SRR ER LR

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 B.1.2 --- FLOW CHART (MODEL)

MAIN CHART

( START )

4

OPEN OUTPUT
DOCUMENTATION
FILE *REPORT"

'

INPUT NUMBER OF
DECISION VARIABLES
TO BE RANKED

'

K=0

h 4
K=K+1

'

INPUT DATA FOR
PARAMETER K
(SUB-ROUTINE 1)

1o

CALCULATE
PRIORITY VECTOR
(SUB-ROUTINE 1-1)

©

YES K<20

OPEN FILE
*COMPOMAT"

STORE ALL 20
PRIORITY VECTORS
IN *COMPOMAT"
(SUB-ROUTINE 2)

CLOSE
"COMPOMAT"

CALCULATE COMPOSITE
PRIORITY VECTOR
(SUB-ROUTINE 3)
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CLOSE
“REPORT"




-BROUTI

DATA
INPUT FROM
EXISTING

FILE
?

/ NPUT NAME

OF EXISTING FILE
OPENINPUT
DATA FILE

OPEN OUTPUT
DATA FILE
"TEMPDATA"

v

STORE INPUT DATA
IN "TEMF’DATA"

CLOSE INPUT
DATA FILE

\

\V

\/

\/

NO SEE

4—" SUB- ROUTINE 1.1

INPUT UPPER
TRIANGULAR
ELEMENTS

OPEN OUTPUT
DATA FILE
"TEMPDATA"

STORE INPUT DATA
IN "TEMPDATA"

Y

Y

LIST OUT DATA
ON SCREEN

CLOSE

y
<::;'TEMPDAJA-:::>

Y

NAME "TEMPDATA"
AS "PARA = LIQ"

WANT
TO CHANGE

YES

ANY DATA
ENTERED




SUBRQUTINE 1.1

?

ASSUME AN INiTIAL VECTOR
WITH ELEMENT CORRESPONDING
TO THE MAXIMUM ROW SUM

OF MATRIX A=1 AND ALL

OTHER ELEMENTS=0

.k
4 Y
CALCULATE k
(See References 3 & 6
p=p+1 of Chapter 5)
F
NO DIFFER BY

LESS THAN
0.1%?

TEST FOR CONSISTENCY

WANT
TO CHANGE

DATA
"

EE
UB-ROUTINE 1

COMPUTE NORMALIZED
EIGENVECTOR FOR
ENGENVALUE = Kp
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_ROUTI

!

OPEN AN
EXISTING FILE
"PARAMAT"

:

INPUT DATA
FROM "PARAMAT;

:

OPEN
"COMPOMAT"

:

INPUT DATA
FROM "COMPOMAT"

!

CLOSE
"PARAMAT"
AND
*COMPOMAT"

'

CALCULATE
PRIORITY VECTOR
FOR "PARAMAT"

‘

N

~

N

™~

PERFORM MATRIX MULTIPLICATION
TO FIND FINAL PRIORITY VECTOR

v

LIST OUT RESULT OF
MULTIPLICATION —RANKING
OF DECISION VARIABLES




APPENDIY B 1,3 --- POOSPAM L [5TING (MDDEL)

{00 2F8 B R R R R R R R R R R R R AR R R L FA R R R R e RO 34

119
120
130
140
150
180
170
180
190
200
Pl
220
220
240
250
284
70
280
20
300
30
310
330
240
350
380
Kl
380
299
400
$10

S50
560
i

REM
REM
REM
REM
REN
REN
REM
REM
REN
SEM
CEM
°EU
REN
REN
vEd
FEM
SEM
YEM
KEN
KEM
RENM
REM
REM
REM
REN
REY
PEM
REN
REM
oEN
REN

9N
°EX

PEOGRAN NAME : MODEL
ATHOR ¢ §.L, TaNj
DATE WRITTEN 1 1986

PR R Nt R R R R R T R R R R AR R F R RN RS

PEALZAN DISTRIPTION:
THIS IS A PROGRAM FOR FINDINS THE PANKINR OF QIFFZOENT
HASTEWATER TREATMENT ALTEPNATIVES

(2333 82y Y YR Y N Y RN YY) FREREL R bbb 4000t abatsy

DaTa DICTIONARY:

INPUT VAR]ABLES:

L]
£Y.FILES

= (IPOEQ OF DECISION VARTARLE MATRIY

= ANGWER FOR WMETHER T USE AN EX[STING FILE

NAKS = NAME FOR AN ETISTING FILE

CONS$ = PRESS PETURN KEY T( CONTINUE

A = ARRAY FOR DATA INPUT INTD DECISION YARIARLE WATRIY

CH.DATAS = ANSUER FOR WHETHER TO CHANGE DATA IN A NATRIY
REYS = ANSWER FOR WHETHER TO REVISE DATA IN A NATRII
PARA,NAT = ARRAY FOR PARAMETER MATRIY FILE NAME]D *Papawate
MAT = ARPAY FOR CONPOSITE MATRIY FILE NAMEO *£OMPAVATS
FEPUNS = ANTNED FOR WHETHER T O£RUN THE PROARAN

INPUT/OUTPUT YARTABLES:

DECTVAR, MAT
Lonen, MaT

ARRAY FOR DECISTON VARTARLE MATRIY
ARRAY FOR COMPOSITE MATRIY

OUTPUT YARTARLES:

PERCENT = ARPAY FOR COMPOSITE PROIRITY VECTDR FYPRESS N
TERRS OF PERLENTASE

FYE]




S0 REM urANT FILES:

Sah ped

500 REN FEPORT,LIQ = REPORT SHOWINA THE DIALOGUE OF THE 1JSEQ

30 REY AND THE CONPUTER HHEN RUNNINS THE MODEL

A0 EN COMPOMAT L 123 = THE COMPISITE MATRIY

R0 REN PARAR L]Q = DEEISIGH VARIABLE MATRIX OF PARAMETER # (ez)-ith
840 2EM

RSN REX

£40 2EM UOPYING VARTARLES:

RT0 EEX ¥ = THE ¥ih PARAMETED

R3O PEK PLPAY = NAME NF PARANETED

§90 REN LIS = FILE NAME Of QECISION VARTARLE MaT2IY

T REM TEMPDATA = TEMPORARY FILE FOR STORING BECISINN VARIARLE waTRIT
710 REM 1, I = LO0P CONTROL

720 REN ROW.SUN = ARRAY FOR SUM OF ELEMENTS IN EACH RON OF A MATRII
730 REN WU = ROV NURBER OF ®AYIMUM ELRENVALUE

740 BEN VECTOR = ARPAY FLR INITIAL VECTOR AND SURSEDUENT VECTCRS
750 ££) Tz ARRAY FOR TEARZZLPY EIGENVECTOP DURIMG ]TopeTios
760 REN MAT = MOST PECENT MA{ ECEMENT IN VECTOR DURING [TEZaTIC
T REN PEE. 22t = NAYINUN ELENENT IN VECTOR AT THE PREVIOUS ITEPaTigN
730 PEM DIFS = DIFFERENCE OF MA! AND PRE, MaY

70 PEA EISZN = ARRAY FOR ELSENVECTOR

200 PEM HOPETATN = ARRAY TP NASMALITCH PIAINNITTAD

215 PEN ETREN, €ia = SIM OF ELEWENTS IV EISENVECTOP

%0 VEM CONSIS. 151 = CONSISTENCY INDEY

A0 ECH darl = LIMIT OF CONSTSTENCY TNOEY

G40 2N Q= THE ¥tk COLUMN OF CONPOSITE MATRIY

330 REM NOR,PARAVEC = ARRAY 7R NORMALIZED FISENVECTOR OF PARANETER MATRIY
AR) PEM COMPO,VEL = ARRAY FOR COMPOSITE PRINRITY VECTOR

374 PEN CONPD,MAT = MAYINUM ELENENT OF COMPOSITE POIORITY VECTOR

33) REM

390 REM

ann PEM

QN REN

920 PEM saa st i v L I P LR R R R R LR RV R R R R R LR R R RV E LR LR E R EEF A E0ES
130 REM

940 9EN

950 PEX MAIN CONTROL NMODULE

350 PEM

79 PEN

R0 PEM R R R R R R R R R R R R R R R R R AR R E R RR R R L by
F30 FEM

LEAO DEN

1010 50818 1120 t REM INITIALTZE

ERP (I ERR P TEN PEIFNRN SLR-INUTINE o

1020 HGSLR 51?0 HYs: PECFORN SUB-ROUTINE 2

1048 GRSUR 5476 ! REX PERFORN SUR-POUTINE 3

1350 ZND

1080 FEX

1070 RE4

1930 FEM

$4an oM

FE M e R R R R VR R R F R E R RSV ER R O LR LR FERE R F 1004
1IN FEN

1120 FEM

4
24



11% 264 INETEALEZE
1140 REM

1190 PN

R I R Yy Y Yy T Ty Ty Yy Yy Yy R YT Yt S YT T T IVITITTTT IO
1170 FEN

1180 PEM

1130 DIM 4020, 20y DECIVAR, MAT(20 203, PACK, MAT{20 20

04 S VIV =V

P04, Sl em
1210 DIM CONPD,NAT(20,20), NAT(20,20), COMPO,VECC20), PERCENT(20)
1220 REM

1230 REM

1240 JPEN *0°, |, °REFORT, LI

1250 REM

1280 REN

1270 PRINT "R2%KING OF LICUID TREATMENT SLTERYATIVES®

P20 PPINT Bi, '2ANYING OF LIQUID TREATMENT ALTEZNATTYEGY

1230 PRINT ; PRINT 8, * °

100 PRINT o PRINT B{, * *

TG POINT ; PRINT 41, * *

1M PRIAT PoTNT 31, " ®

(20 PRINT PRINT &y 0 ¢

1249 BT POINT 4y, *

TIRN INPIT *Neder af dacisian variz

.
+
]
H

.
*

triviis a g ukzes A
D250 PRINT 8t Mirdar af g2sigjon varishiz zatriv is nov s whers n = "1 N
1370 RRINT PRINT 21, * ®
1380 PRINT PRINT &1, * *
1390 RETUPN
1400 PEN
1410 REM
1420 REN
1430 REN
1440 REN #4 et 4ot t b bt b et I R R R L R F R R R E R R R R VR R BB VR BB 6
1450 REM
1450 REM
1479 2Em QUB-ROUTINE 13

.

H
]
v

L4A0 BEN THIS IS A SUB-POUTINE FOR INPUTING DATA (ie, DECISION

1430 FEX VARIARLE MATRICES) TO THE MODEL, STORTNS THEX IN SEFARATE
1500 REM FILES AND CALCULATING RY SUR-ZOUTINE 2 TWE PRIOPITY VECTHE:
SE1 FEM

1520 PEM

TR0 REM B R O R B R R R R R RS bR RO E R R R BRI IS
1540 REM

JES0 CFY

(Il REM SHR-PQUTINE | CONTROL wORmLE

15T @cn

D380 TEM

1S9 FOR K = 1 70 20

L PESD PaBAS

1810 BEAD LIGS

1620 POINT PARAS

1830 BRINT 81, Padis

T340 PRINT ; PRINT 4y, v v
B0 SEINT i RRINT py v

I

aAsE



1660 GOSUR 2020 SEM INPHT DATA £0R DECISION VARIARLE vATRY

1570 PRINT ; POINT 8, ¢

tean POINT « PRINT B, * ¢

14 FOINT ¢ POINT 41 ¢ 0

L1700 PRINT 1 PRINT B, * ¢

] PRINT *Plasge vait ..., °

1700 FRINT 81, *Plazee wait ...,

WD) AOSUR 3430 3 PEM . PERFOEN JUR-IONTINE 1.t
1740 FRINT ;1 POINT #f, * '

1750 PRINT @ PDINT 4, *

1750 PRINT *The aatrix just antered is stored in a fila named *;LISS
1770 POINT 81, “The matriv just enterad is staored in 2 file nawed *jLify
1739 FOINT 1 #DINT #p, * °

£730 PRINT + SRINT &4, * '

1300 INPUT *Pracs the BETURN ey to continue”, DONS
L1310 PRINT 41, "Oress the RETURN Yey ta continye’

$320 FRINT ¢ PRINT By, =

1320 PRINT @ PRIWT 34, * ¢

1340 FOINT ¢ PRINT 31, ® °

1350 PRINT : PRINT %1, *°*

189680 PRINT + PRINT M, * *

mmn FRINT ¢ RRINT 84, * ®

TR0 ONEYT ¥

1% JEM

1300 PRINT *Yau hzve already entareq all the neceszary gata®

PAI0 SRINT 8L, *V¥au have already enterad 3l the necses

TE20 PRINT ; PRINT 4, ° ¢
1970 PRINT & BRINT 4, * *
1940 PRINT @ PRINT 41, * *
1350 PRINT ¢ PRINT 41, *
$960 RETURN

1370 SEN

{980 REN

1990 REM o muaaue v vttt bt M R B E R P PR OB U RS e R R B LRV RN LR RO

2000 REN
201t REN
2020 EEN INFUT DATA FOR DECISION VARIABLE MATRIY
2030 REN
040 REN

2060 PRINT $1.%%a ven vant fq o
2070 [F EY FILES = *y* THEN 2{40

2080 IF £1,FILES = *v* THEN 2140

080 IF EYLFTLES THEN 2740

o0 [P EY FILEe THEY  17R0

110 8079 2050

2120 2%EN

2130 REM

2140 PEX INFUT DATA FROM EXISTING FILE

2150 REM

2160 PEM

2570 PRINT @ PRINT 2), * ¢

2180 PRINT ; PRINT 41, * °

S130 INPUT *Nas2 of the axisting file is 2 *, NANS
ZI00 FRINT &1, "Naae of the axisting file ig 7 *; NAMS

L]
-

o2
-

226

SN0 INPUT Mo yoy vzat to uce data froa e avizing
13-

Te™ F ar 8 2 " RY Ty

23t from an ovigting file? ¥ or 4 2 %23y 002y




1310 sy
1220 2EM

3230 26n 3T0E TRE FILE ATA IN & TZWPORSRY FiLE NAMED *TCvSDaTAs
2240 REN

2250 °FN

2260 OFEN *1%, B2, NAMS

2270 DPEN *07, #3, *TEPDaTat

M FRE Pzt TAN

N FOP 121 70N

2300 INPYT 82, A(T, D)

3319 PRINT 43, A(l,J);

R B L
T RRINT 43, ¢

2340 NEXT I

0 CLOSE 42

2360 CLOSE 13

1370 REM

2730 REM

1330 REM LIST AUT THE DECTSION vARTaRIE waTERIY (FOOM EYIGTING FILD)
2400 REN

2410 PEM

MM BRIV oy eapuy ay v

D27 ARINT 4 STINT #f o

220 PEINT fTha dari :

230 PRINT 31, *The dazizion variabla sasriq is: °
D460 PRINT + PRINT B, * *
2470 OPEN “T* 32, 'TEMPDATAT

2430 FDR 1=t TON

490 PR F = L TON

2500 INPUT 82, DECIVAR.MATII, N

5 PRINT USING "8,323 *5 DETIVAD MAT(I IV
¥y PRINT |, LSING *§. 448 *: DECTVAR, MAT{I, )Y,
2530 REXT ]

54 PRINT : PRINT 41, * ¢
2550 NEXT [
2960 LLASE B
2570 PRINT
2580 BRINT
Z590 KL 1o
300 INFUT *Do you vant $o chinge data in the sbove aabrix? Y ar ¥ 3 *.7u fumyg
SBLY POINT 31 Do you vant ta change dati in tha abave aatrin® Vo ar ¥ O TCE TaTA

PRINT 81, * ¢
POINT 4y, * ®

JE20 IF CH,DATAS = 'y* THEY 2780
SIZ0OIF CHODATAS < vt THEN TR0
IIA0IF CHODATAS = Nt OTHEN 2690

SIS0 BF TH DATAS
SI50 A0TT ziod0
570 REM

Z%30 REM

Z23) PEN PENANE "TENPDATA®
700 REN

2710 PEM

STI0 NAME PTEMPDATAY 45 1748
2730 5070 3400

2740 REM

2750 REN

[1)
-

o
-
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3900 TEoMAL ) RSN THEN 3920
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3370 REM
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APPENDIX B.2.1. --- USER'S MANUAL (SENSIANA)

Type "SENSIANA"™ against the "A>" prompt (or "C>"
prompt if a hard-disc of XT or AT is used) and then press

<ENTER>. The following will be shown on the screen:

IR RS ES S ERE RS R R0 REat Rt s a2t b i s sl b s st S

x x
* Order of decision variable matrix is n x n where n = x
x 3

AEERRKRXKXAXRAXAXRRARARARRARRAAN AN ARAEEAR AR R AR R AL AR A AR XX RARARRLTRE R

Then, type the number of decision variables to be ranked

and press <ENTER>, The computer will respond as follows:

(2R RSS2 R R R Rttt i st sttt it it i sttt

*
x
x
* The number (ie. the kth parameter, k =1 to 20) is?
x

So, type the number next to the "2?" prompt and press
<ENTER>. The computer will show the original matrix on the

screen and ask if the matrix should be revised as follows:

ARAXKXR KX AR KA ARRRRA AR AR AR AR R AR RAR A A AR R AR R AR A REAA AR RNRNEARRAARNRRRY

The decision variable matrix is:

{(the elements shown are those of
the original matrix)

LI B B N N N

Do you want to change data in the above matrix? Y or N? *
L

*
®
4
L
x
]
*
]
*
KARRREXARN AR R AR AR R AR R R R AR AR R A AR AARERALEARA R RN AR R AR

238

*

Enter the parameter number whose matrix is to be reviewed.®

x
x
4

(12388 222222222822l a s i it sttt i b i sttt it




Usually the answer should be Yes because this 1is 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 will respond as fecllows:

EEXARERRARRARRRRRARXIRRARAZERARARZRRRAR AR ARAAREARRRAARAAARRRA R

® *
* You only have to conter the upper trliangular elements *
® ]
* A(l,l) = *
* x
x 7P x
r ®
I E RS ARSE R R R RS RERRRRttRitb bt R tia i it bl bR RS RRREE

So, input aj; (up to six decimal places) against the "2"
prompt and press <ENTER>. The computer will then continue
to ask the user to enter aj;j, aj3z and so on until all the
upper triangular elements (ie. ajj for 1 ¢ | ? J £ n) are

entered. After the last element, a,,, has been enterzed,

the following will appear on the screen:

EARREERRRE R R R R R R AR R EARRER R AR R AR R R R AR AR AR AR AN AR AR RRN RN

The decision varlable matrix is:

(the elements shown are those
newly entered)

» N N N W % X X

< ~
* Do you want to change data in the above matrix? Y or N?

b
®
E
x
x
x
%
z
x
]
RARER R AR R AR AR AR AR AR R R AR R IR R R AR R RARN AR AR R R LR R AR R RN R X kA &

If the user has entered wrong data, then answer "Y" and the

computer will allow him to input the data once again. I1f
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the answer {s "N", the computer will ask you another

question:

2SS SR EERRERERERRRERRRRRRRRRRERLRRRRRRRRREEEREERERRRRREERERE T

x ]
* Do you want to change another decision varlable matrix? »
® x

I ES RS SRR R RS RSt i i bR RARRRRRt Rttt SR

I£f the user has decision variable matrlices of other
parameters needed to be revised, then type "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 =:r2spond to them
accordingly. If the wuser has finished revising the
decislon variable matrices, then type "N" and press
<ENTER>. The computer will tell the user to wait as the
calculation of the ranklng of the treatment alternatives 1is
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)

MAIN CHART
r
START
OPEN OUTPUT
DOCUMENTATION
FILE "SENSIRUN" CALCULATE
PRIORMTY VECTOR A
l (SUB-ROUTINE 2)
INPUT ORDER
OF DECISION
VARIABLE MATRIX
v OPEN FILE
4 "COMPOMAT"
INPUT PARAMETER
NUMBER WHOSE DECISION
VARIABLE MATRIX IS TO
BE REVISED . STOREALL 20
_ PRIORITY VECTORS
- IN "COMPOMAT"
- (SUB-ROUTINE 3)
®
REVISE DECISION
VARIABLE MATRIX CLOSE
(SUB-ROUTINE 1) “COMPOMAT"
®
CALCULATE COMPOSITE
PRIORITY VECTCR
(SUB-ROUTINE 4)
REVISE =
YES /* ANOTHER NO ®

MATRIX
?

201 (LEND )




OPEN INPUT
DATA FILE

OPEN QUTPUT
DATA FILE
“TEM PDATA"

STORE INPUT DATA
IN “TEMPDATA"

CLOSE INPUT
DATA FILE

LIST OUT ORIGINAL
DATA ON SCREEN

l

REVISE DATA IN
“TEMPDATA" (INPUT
UPPER TRIANGULAR
ELEMENTS ONLY)

|

A 4

CLOSE
"TEMPDATA"

NAME "TEMPDATA"
AS "PARA = LIQ"




SUB-ROUTINE 2

ASSUME AN INITIAL VECTOR
WITH ELEMENT CORRESPONDING
TO THE MAXIMUM ROW SUM

OF MATRIX A=1 AND ALL

OTHER ELEMENTS=0

p+1

CALCULATE kp
{See Reterences 3 and 6 of Chapter 5)

NO

DIFFER BY

LESS THAN
0.1%7?

COMPUTE NORMALIZED
EIGENVECTOR FOR
EIGENVALUE = kg
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!

OPEN AN
EXISTING FILE
"PARAMAT"

'

INPUT DATA
FROM "PARAMAT"

AN
N

.
.

h 4

OPEN’
“COMPOMAT"

/\
N

4

INPUT DATA
FROM "COMPOMAT"

BN
AN

h 4

CLOSE
"PARAMAT"
AND
"COMPOMAT"

N
NS

Y

CALCULATE
PRIORITY VECTOR
FOR "PARAMAT"

:

PERFORM MATRIX
MULTIPLICATION TO FIND
FINAL PRIORITY VECTOR

'

LIST OUT RESULT OF
MULTIPLICATION ——RANKING
OF DECISION VARIABLES

|

®
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AFFENDIX 3,2,3 --- POOGRAN LISTING (SENGIANA)

TN GEM R ER R R R R R R R R R RN R R R R R R R R R R AR IR P S
10 g

120 2EM

130 RENM PPOGRAN MANE : SENSIANA

140 REN AIITHOR @ §.L. TANAR

150 PEN DATE YRETTEN : 1908

160 REM

170 REM

190 CEN R EF Rt Rt R R R F R R R R R R AR R R R R R R R R R E R R R R R E R R4S
190 REM

200 PEN

210 REN PROGRAM DISCRIPTION:

220 vex THIS {5 & PPOGRAN FOP SENSITIVITY ANALYSIS OF DANYINR
230 REN WASTEWATER TREATMENT ALTERNATIVES

240 REM

230 REM

260 PEN R naE s it e R R R R NN R R R R R TR R R R R R R R R RS SRR R LI
270 ReM

230 ReM

80 2R DATA DICTIONARY:

00 M

210 CEN

220 REN INPUT YARTABLES:

330 REM

340 REM N = GRDER OF DECISION VARTABLE NATRIX

350 REM A = ARRAY FOR DATA INPUT INTO DECISION VARIABLE MATRI}
360 REM CH,DATAS = ANSWER FOR WHETHER TQ CHANGE DATA IN & MATRIY
370 RENM PARAMAT = ARRAY FOR PARAMETER MATRIX FILE NAMED "PARAMAT®
230 REM MAT = ARRAY FOR COMPOSITE MATRIX FILE NAMED °*COMPOMAT®
390 REM

400 PEM

£10 OCN INPUT/QUTPUT VARIARLES:

420 PEM

430 PEy DECIVAR,MAT = ARDAY FOR DECISION VARTARLE MATRIY

440 PEN CONPO,RAT = ARRAY FOP OONPASITE MATRIY

350 PEN

4R0 PEM

470 2EN DUTPYT VARTABLES:

430 RN

430 REM PERCINT = iRDY FOQ COMPASITE PROIPITY YELTOO CYPOESS T
ag wEM TEIMS OF SERCTNTLAC

10 PER

520 LN

5320 RFNM QUTPUT FILES:

<40 RN

=50 REX SENGIPIN.LIY = REPPRT SHOWINS THE DIALOSUE 0OF THE MSER

SEO PEM AND THE COMPITER WHEN PHNNING THE MGOEL

70 oM CONPOMAT.LID = THME COMPASITE MATPIY

30 REM PARA®.LID = DECISION YARTABLE MATRIY OF PAPANETED % {yzq-is
230 PEM

L0 Qe

1]

LLIT]

4



n10 FEX WORYING VARIABLES:

30 M
310 2EM
T40 CEM
450 SEN
£a0 REN
270 OEN
280 RER
R0 REN
100 REN
710 REN
T RER
730 REN
740 PEN
750 REN
760 PEM
770 REN
780 QEM
790 2EN
800 RENM
Bl REM
3T0 REN
230 2£N
240 PEN
350 26N

K

Ligs
TEMPDATA
I |

o0u, SifM
RO¥

VECTOR

£

NAY
PRE.NAY
DIFF

EIREN

¥R, E16EN
EIBEN, SUN
CONSIS. 10X
MAXI

8

NO&, PARAVEC
NP0, VEC
CONPO, AT

THE Yth PARANETER

FILE NAME OF DECISION VARTARLE MATRIYX

TEMPORARY FILE FOR STORING DECTSION YARIABLE wa™sl!
LOOP CONTROL

ARPAY FOR SHW OF ELEWENTS IN EACH ©OW 0F 4 WATD::
ROV NUMBER OF MAYINUM ELSENVALUE

ARRAY FNO INTTEAL VECTOR AND SUBSESUENT VECTARC
ARRAY FOR TEMPORADY EIGENVECTOR QURING [TERATION
HOST RECENT MAX ELEMENT IN VECTOR DURING ITEPATING
MAYIMI® ELEMENT IN VECTOR AT THE PREVIOUS 1TEQATIMM
DIFFERENCE OF MAY AND PRE, MAY

ARRAY FOR FLGENVECTAR

ARRAY FOR NORMALIZED ETRENVECTOR

SN OF ELEMENTS [N E1GENVECTNR

CONSISTENCY INDEY

LINIT OF CONSISTENEY INDEY

THE Kth COLUMN OF COMPOSITE WATRIX

ARRAY FOR NORMALIZED £IAENVECTOP OF PARAMETES N277!1
APRAY FOR COMPOSITE PRINRITY VECTOP

MAYTNUN ELEMENT OF COMPOSITE PRINRITY vECTAC

6N PCM BEERERERT IR R R R R R R R R R B RF R R R FE N LR ER R H R RN E b4

a70 RENM
330 REN
890 REN
300 REM
910 REN

NAIN CONTROL ®OQULE

20 TEN AR 0tRa et ARE R R R F R R R R R R R R R S R R R E A A R R R R R RIS

930 REM

940 REN

950 6OSUB 1080
960 50SUB 1380
970 GO5UB 3130
930 50548 4980
990 505UR 5220
1000 END

1010 REN

1020 CEN

1030 REN

1040 REX

+ REM
: REN
1 PEX
1 0fy
1 PEN

INITIALEZE

SUB-ROUTINE 1
SUR-ROUTINE 2
SUB-ROUTINE 3
SUR-ROUTINE 4

1050 REM sRaass s st st e e bRb bR R bt o R e B F R RO R e F R R R R RE R VR E 444

1050 REN
1070 REX
1080 REM
1099 PEN
1100 PEN

INITIALITE

1110 OEM bt bt R R M R F R AR R R PR T RS R T E R R B R LR R R A

1120 RN
1120 PEN

1150 DIN VECTOR (201, €(20), EIGENC20Y, NOR.EIGEN(20}, NOR,PARAVEC(20)
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RIMOCONRNRATIZ0, 200 MATE020). CONPO VECEINY  PEPLENT(IN
- -t ) H ] ]

ofN
PEN

OPEN "0, #1, *STNEIRUN.LTG®

REM
oEN

INPUT *Qrder of decision variable matrix ic n v q vhere n = ¢
PRINT 81, “Order af decision varisgle aatziv ig n v o whera a

PRINT
PRINT
PRINT
PRINT
RETIR
2EN
PN
2EN
S

CEM R R R S S R S R R R R RNV R R H S R R U PR R 4544

PEN
REN
REN
oEN
Fex
g
EN

"EN R P L R R R RS R R RS A R R R R A R4

REN
PEN
REN
REN
PEN

N

v
H

e

PRINT
PRINT
PRINT
PRINT

'1’ LI
'1’ [
'1, | N )

",

SUB-ROUTINE 1:

THIS IS A SUR-ROUTINE FOR INPUTTING THE DECISION

VARTEZLE NATRIY OF PRRAMETER K

SUB-ROUTINE 1§

CONTROL WODULE

N

PRINT "Enter the paraseter nusber vhote eatriv ie o ho royjsyed,®

PRINT M, “Enter the naraseter ausber vhose eatrix is to he reviewed.®

PRINT

IF X
IfF K
IF K
IF Y
if ¥
IfF X
IF X
1 4
¥
IfF ¥
IF ¥
L 4
420 ¢
IF K
FX
ifx
IF ¥
IF K
Ty

O O LN e 2 pa

[ LI T}

1

L]

PRINT #1,* *
INPUT "The number (je, the Kth parase

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

LI0s = *PaRAL,LID®

Ligs
L10s
L1gs
Ligs
Lios
L1os
Ligs
Lios
LIgs
L10s
L104
LI2s
Lies
LIds
Ligs
L1os
LIgs
Lies

"PaRAZ.LIG®

= 'PARAD, L IO

" [13 [1) " L1} (13 i L1} L] L1

*PARM, L 10"
'PLRAS,L1G"
*PARAG, LID®
“PARAT.LIO"
'PARARLIG"
"Papay, IR
"PARAID.LIG"
"PARALLLIR"
"PARAL2.LIQ"
'papall.LIg"
"PARALL,LIO"
*PARAIS.LID®
"PaPA1g, LTO
"PARALT.LIQ"
"PARALR, LIO"
*PARALS.LIO®

ter, K= 1 to 20 is 2 *,
PRINT #1, *The nuaber (i2, the Kth parameter, K = | tn 200 ig 7 *; ¥
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TTIOIF X o= 20 THEN L10% = *PARAZN,LIN®

1720 OPEN °I*, #2, LIGS

1730 OPEN 0", #3, "TENPDATA®

TR =170

1750 FOR J=1T10N

1Ta0 INPUT $2, AL DY

1M PRINT 33, A(1,1);

1780 NEXT ]

1790 PRINT 43, * "

1800 NEXT [

1810 CLOSE #2

1320 CLOSE 83

1830 REM

1340 REM

1850 REM LIST DUT THE DECISION VARIABLE MATRTY (FPOM EYISTING FILE}
1960 REN

1870 REN

$830 PRINT ; PRINT #1, *°*

(290 PRINT @ PRINT M, *°

1900 PRINT "The decision variable aatrix iss *
1210 PRINT 81, “The decision variable matriv is: *
T30 PRINT @ PRINT 41, *

JII0 OPEN *If, 42, CTEMRDATA?

CHOFR I =L IO N

135 FOR J=1T0N

JERD INPUT B2, DECIVAR, MATII D

13T PRINT USING *3. 383 *; DECIVAR,NAT(I, D);
1380 PRINT ML, USING *%.3#% *; DECIVAR.MAT(I,D);
1990 NEYT ]

2000 PRINT : PRINT &1, * *

>0L0 NEYT |

220 TLOSE 12
2000 PRINT @ PRINT 41, * ¢

040 PRINT : PRINT #{, * *

2050 XILL LIgs

20860 TNPUT *Do you want to change data in the shave aatrie? Y or N ? ", CH, DAT4
2070 PRINT #1,"Do you vant to change data in the shave aatrie? ¥ ar N 2 *;0%.04TM
3080 IF CH.DATAS = *Y* THEN 2269

209 IF CH.DATAS = *v* THEN 2260

2100 TF CH,DATAS = °N* THEN 2150

U0 IF CHODATAS = "a® THEN 2150

2120 5070 2060

130 oEM

2140 RENM

IUT0 PEN RENAME “TEMPDATA*

TR0 BEM

2170 9FR

2180 NAME CTEMPNATA® AS L1D$

ZI%0 POINT o PRINT & t ¢

TI00 CRINT ;. PPINT M, vt

CZIN PRINT ; PRINT M, " °

TI20 PRINT : PRINT M1, * ¢

o220 507H 2940

2240 PER
750 REN



2259 REN NANUAL DATA INPYT

2270 REN

2280 REN

J2%0 PRINT 1 PRINT 41, *

2300 PRINT @ PRINT #, * *

<210 PRINT "You only have to enter the upper triznquiar elaments®
2320 PRINT #1, *You only have 2 enter the upoer triangular elements’
J330 PRINT @ PRINT 81, * °

T340 PRINT : PRINT 81, * °

2/OFOR I =1 FON

2360 FRI=1TON

2310 PRINT *AC;13%,%;0%) = * ¢ INPUT ACL, 1D
2380 PRINT #1, *AC';13%, % 0% = * 5 A(L, D)

2390 AL = ML D

2400 NENT

2410 NEIT |

3430 9EM

420 BEN

1840 R%EMN STORE THE DATA JUST ENTEPED IN A DATA FILE MAMED *TEMPDATA®
1450 PEM

2469 REN

2470 0PEN M0, 42, CTENPDATA®
TR I =170y

R FOR J={ 10X

2TA0 PRINT 82, A(], )

2510 NEXT ]

22 PRINT #2, * *

S0 NEXT I

2540 CLOSE B2

€90 REM

250 RENM

2570 REN LIST DUT THE DECISION VARIABLE MATRIY (FROM MANUAL [NPUT)
2SE) REM

2530 PEN

2000 PRINT : PRINT 41, ¢ *

510 PRINT : PRINT #1, * ¢

I620 PRINT *The decision variable aatriy is:®
Z320 PRINT 81, *The decision varishle satrir js;°
2640 PRINT @ PRINT 8, * *

Z550 OPEN "1°, 32, "TEMPDATA®

TR FOR [ = J IO N

nere FOR 124 10 A
2580 INPUT §2, DECTVAR,MAT(T )

zzan PRINT USING *3.34% 3 DECIVAD,WATII T,

3 POINT 1, USING *B.448 *; DECIVARZ MAT([,)),
2710 NEXT ]

ERYL) PRINT : PRINT M1, * *

2730 NEXT I

2740 CLOSE 12

ZTI0 PRINT @ PRINT 81, ° *

ITRO PRINT ¢ PRINT B, * *

270 INPUT “o ynu want to change data in the above matrix? ¥ or N 2 * CH.DAT:S
=730 PRINT #1,"Do you vant to change data in the above matrix? Y or N 7 fITHLIETAS
2790 IF CH.DATAS = *Y* THEN 2260

2200 IF CHODATAS = "y THEN 2260
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"Nt THEN 2840
*n"  THEN 2860

2810 IF CH.DATAS
2820 TF CH.DATAS
2930 8070 2770
2840 REN

2950 REN

2860 REM PENAME “TENPOATA"

2870 REX

2880 REM

2390 NANE *TEMPOATA® AS LIOS

2300 PRINT : PRINT 41, * *

2310 PRINT ¢ PRINT 41, *°

2920 PRINT ¢+ PRINT &, * °*

2930 PRINT : PRINT M, * °

2940 INPUT "Da you vant to change another decision varizble matrix ? ° CH.DATIS
2350 PRINT #1, "Do vou vant to change another decision variable aatrix 7 *;CE.JATAS
2960 PRINT : PRINT #1, ® *

2970 PRINT : PRINT 1, " *

2980 PRINT PRINT &1, * ¢

2990 PRINT PRINT 8, " *

2000 IF CH.DATA$ = *¥" THEN 1470

3010 1 CH.DATAS = "y* THEN 1470

020 1F TH.DATAS = *N* THEN 3050

2030 IF CH.DATAS = *n® THEM 3090

T340 5OTD 2240

3050 PETIRN

T0R] PEX

2070 REM

3080 REM

2030 REN

2100 REM S350 RM MM H A FH LR R P e R PR R H R R R R
3110 REN

2120 REN

3130 REN SUR-ROUTINE 2:

3140 REM THIS IS A SUB-ROUTINE TOD CALCULATE THE 20 PRIORITY VECTORS
3150 ofm

2160 REM

170 OEN BHEREERERHA R PR M R RS MR R R R LR R e
3180 REM

3190 RENM

3200 PRINT *Please vait. Calculation of ranking of the alternatives®

3210 PRINT “is in process.”

2120 PRINT #i, *Please wait. Calculation of ranking of the aliarnatives*
I220 PRINT ¥, "is in orocess,®

3240 FOR K =1 70 20

3250 RO5UR 2290

3260 NEXT K

3270 RETURN

LU }

3280 IF X = 1 THEN L10% = *PARAL.LIQ®
3290 [F K =2 THEN LIGS = *Papa2.Lig"
00 IF X =3 THEN L10¢ = "PARAZLIQ®
3310 IF X = 4 THEN LIO$ = *PARM.LIO"
3320 IF K = 5 THEN LIGS = *PARAS.LIR"
20 IF X = 5 THEN LI8¢ = "PaRas. 119"
2340 1F ¥ = 7 THEN LIQ% = *PARA7LID®
2050 15 K = 8 THEW LIOY = *PARAR.LIR"
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W IF L 2D
7R =0
[WMIFY =t
W/ [Fy=12
oo IF ¥ = 13
34O JF K = 14
WA IF K= 1§
W IF K = 16
36 TP K = 17
I IF K =18
MO IF X = 13
U0 IF X =20

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

LI28 = "PARAS LIG"

L1035 = "PaRALO.LIG"
LITs = "PARALLLIG"
LI0S = "PAQAY2,LID°
LIQs = "PARALTLIQ"
Ligs = *PARAL4.LIA"
LIs = "PaRALS, LIG*
LI@s = "PARALG.LIR®
L10s = "PARAIT.LIO"
LIBs = "PARALB.LIG®
LI@s = "PARAIY.LIG"
LIgs = *PARAZ0.LID®

3480 OPEN °I°, ¥2, LIOS
HNVFRI=1TAN

500 FR = TQN
510 INPUT ¥2, DECIVAR,N&T(], ]
3520 NEIT ]

3530 NEXT 1
2540 TLOSE #2
3350 PENM

3560 REM

T OQEM BRI AR R RN TR R R R PR BT RN B R R TR E NI

3530 PEN
3570 REM

3600 REN SHR-ROUTINE 2.1:
THIS IS A SUB-ROUTINE FOR FINDING MAXIMUN EISENVALUE AND I35
CORRESPONDEING PRIGRITY VELTOR OF A SGUARE MATRIY OF 7RDER &

3610 REM
7520 REN
1530 REM
3840 REN

2650 PEM R4S FRESHEEE HEHF R AR A AT R A RN R R R R R T E R R RF R IR R RA AR I

3660 REM

3670 REM

3580 REM

3590 REX

3700 REN

3710 G0SUB 3840
3720 60SUB 13350
3730 ROSUR 4070
3740 £OSUR 4180
3750 GOSUB 4610
3780 GO3HB 4709
1770 GOSIB 4930
3730 RETURN
3790 2EN

3800 REM

SUB-ROUTINE 2.1 CONTROL MODULE

: REM FIND THE SUN OF ELEMENTS IN £ACH ROW OF MATRIX
: REM FIND THE MAXIMUN OF RONW-SUMS

¢ REM ASSUME AN INITTAL VECTOR

+ REN PERFORM THE ITERATIONS

t REW CALCULATE THE ETGENVECTOR

1 PEN LALCINATE THE NORMALIIED ELRENVECTOR

: PEN GTOPE THE NORMALIZED EIGENVECTOR

FR10 REM #6584 baa i a0 b0 st asH o3 RN R R RN HE R IR HERF R VRN RS R R LR EREFEET 4

3220 PEN
2430 PEN

3840 REN FIND THE SiM OF ELEMENTS IM EACH ROW OF MATRIY

3830 P£M
3250 PEX



JOFR T =1 TN

2280 ROM.5UNGD) = 0

2B F9P =g TR

1900 ROV, SUM{I) = BOW,SUMITY + DECTVAR, ¥AT(I, ]}
110 NEXT §

2920 NEXT I

3920 QETURN

3940 REN

3950 REN

J360 REM FIND THE WAYIMUM DF ROW-SUNS
970 REN

2909 OfM

T990 MAY = POW,.SIMCLY ¢ RON =

4000 FOR T = 2 TO N STEP |

4014 IF MAY > ROW,SUNCI}  THEN 4030
4020 MAY = PON,SUMCLY & RN =
4030 REXYT |

4340 PETHRN

4050 REM

4060 REM

4070 RENM ASSUME AN INETIAL VECTOR
4090 PEM

<90 CEM

100 FORJ =L T N

119 IF ] = 00N  THEN 4130

4120 VECTORCIY = 0 ¢ HOTO 4140
4130 VECTOR(]Y =1

4140 NEXT §

2150 RETURN

4160 RENM

4170 REN

4180 REN PERFORM THE ITERATIONS
4190 REN

4200 REM

4210 PRE.#AY = 6

A220FOR I =1 TO N

4230 Ciny =0

4240 FOR J =17T0N

4750 COEY = CC1) + DECIVAR MAT(I,J) # VECTOR(D
4280 NETT )
A270 NEXT

4280 NAY = C(1) ¢ RODW =1
4290 FOR [ = 2 TO N SYEP |

4200 TF MaY 5 €I} THEN 4320
4310 BAY = (D) ; POW = ]
4320 NEXT |

4330 REN

4340 REM

47390 REN TEGT £AR THE NEED QIF FURTHER ITERATION
4350 REN

4370 REN

4380 IF N = 3 THEN DIFF = 001
4390 IF N = 4 THEN DIFF = 004
4400 TF N = 5 THEN BIFF = 005
4410 IF N= b THEN OIFF = .00%
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430 1F
4436 [F
4449 IF
4450 IF
4480 IF
470 IF
4480 IF
1499 IF
4300 If
4310 IF
4529 1F

4540

4330 REM
4600 REN
4510 PEN
4620 REN
4630 REN

N = 7
N= 3
N:= 1
N= th
N= Il
N= 12
N= 13
N= 14
N = 15
N =16
ARS(MAT

THEN
THEN
THEN
THEN
THEN
THER
THEN
THEN
THEN
THEN

HFF
BIFF
11632
i){2
DIFF
DIFF
DIFF
DIFF
DIFF =,
DIFF =,

" " " n L] 2] 1" L]

007

U
02

- PRE.NAY { DIFF
50 FIR T =1T0N
VECTOR(JY = CLJ)/MAY
4550 NEXT J
4360 PRE,NAL = NAX
4570 RDTO 4220
4380 RETURN

8.00000(E-33
9.000001£-03
.01

A1
012
013
N4

THEY

CALCULATE TRE EIRENVECTOR

340 FOR 1 = { TON
EISENCLY = C(I}/MAX
4580 NEIT |
45670 RETURN

46350

4630 REN
4530 REN
4300 REW
4710 REN
4720 REN

4730 FLSE

CALCULATE THE NORMALIZED EIGENVECTOR

4730 ETREN.SUM = 0
AT40FOR I =1 TO N

4750

ETGEN. SUN = EIGEN,SUN + EIGEN(T)

4760 NEXT 1
ATIOFR I =t TON

4780

NOR.EIGEN(I) = EIGEN(I)/ETSEN,SUN

4730 KEXT [
4800 RETURN

4810 REN
4820 REM
4330 REN
4840 REX
4830 REN
4860 @ =

STARE THE NOPMALIZED ETRENVECTDR

X

4870 FOR T =1 10 ¥
CONPO. MAT(L,0) = NOR.EIGEN(D)
48%0 NEXT 1
4900 PETHRYN

4380

4910 REN
4920 RER
4930 REM
4940 PEN
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4350 FEM FERE R R R R R R R R PR PR bRt R R R R R HA S
4980 OFY

L1270 PEY

4980 PEX SUR-ROUTINE 3:

4330 QENM THIS IS A SUB-ROUTINE FOR CONSTRUCTING THE

5000 9N COMPOSITE MATRIY *COMPOMAT.LIR®

5010 o£M

5020 RN

SO0 REM s e a4 40t i i F TR R R R A R R R R R R R R R R R R R R SRR R R R R F e Y
5040 REN

S50 vEM

S0R0 QPEN °0°, 42, °COMPAMAT | 1g*

SO FR T = 1 TON

080 forJ=1T708

500 PRINT #2, COMPO.MAT(I, 1);
3100 NEXT J

S0 PRINT #2, * °

5120 NEXT |

3130 £LOSE %2

5140 RETURN

5150 REN

S160 REM

5170 REM

%130 REX

SIS0 REN 4Bt i et bt bbbt b AR LR AR R R F R R R S R RS R FE R R VB R E I
5200 REM

5210 REM

3220 REM SIIR-POYTINE 4:

5230 REM THIS 5 A SUB-ROUTINE FOR CALEULATING COMPOSITE
3240 RER PRIDRITY VECTOR

§250 REN

3260 REN

9270 REM #4408t 04 P REE R ER A HHE R RN RE R R E 06 R RRS 4 HER MRS LEE RS RV 4T 444
5230 2£

9290 REN

%300 REN SUB-ROUTINE 4 CONTROL MODULE

5210 2fM

5320 PEN

5330 APEN *I", 32, "PARAMAT®

5340 K=20

5250 ANSUR 5510 : PEN  INPYUT DATA FRON PARAMETER MATRIX

5350 £LOSE 42

5370 GOSUB 2620 t REN  CALCULATE THE ETRENVECTOR OF "PiRaMAT®
5380 OPEN ‘1, 83, “COMPOMAT.LIg®

5390 RDSUB 4470 : REN  INPUT DATA FROM COMPOSITE MATRIX

5400 CLOSE 13

S410 KOSUB RS20 : REM  PERFORM THE MULTIPLICATEION

5420 H05U8 £700 ¢ REN EIPRESS COMPO.VECCI) IN TERMS OF %
J430 8OSHA £340 1 REM  POINT THE RESILT OF RANKING

S440 CLOSE #)

5450 RETURN

S450 REX

5470 °fn

254



SASN REN BEREEREAR RN RN R RN R R R R R R R R RN R RFE R RN F R4S
490 oM

SN0 9EN

%310 PEX INPHT DATA FROM THE PARANETER MATRIY
5320 REM

5930 PEN

SR T =1 TOK

3350 FoR j =1 10K

3560 INPUT #2, PARA.MAT(L, D
510 NEXT ]

5980 NEXT |

5999 RETURN

5600 e

5610 REM

3620 PEM CALCULATE THE EIGENVECTOR OF *PARAMAT®
SRI0 REN

S5B40 REM

SRS REM

Shalr PEN

SB70 RENW FIND THE SUM OF ELEMENTS IN EACH ROM OF MATRIZ
S630 REM

3630 2CH

STO0 FOR [ =} TO X

710 20W, 5UMC1Y = 0

3720 FORJT=1tT0X

3730 POW.SUNCI) = RON.SUM(IY + PARAMAT(I, D
5749 NEXT J

5750 NEXT |

5760 REM

S770 REM

5780 2N FIND THE MAXINUM OF ROW-SUMS
3790 PENM

5800 REN

SB10 MAX = ROW.SUN(1Y ; ROW =1

SB20FOR 1 =2 7O K

SR30 IF MAY > POW.SUM{T) THEN 5850
5840 KAY = O0W. SUMCTY) & 904 = |
5830 NEXT |

3844 PEM

Se70 PEM

$880 REM ASSUNE AN TNITAIL VECTOR
S8%0 °Ex

5900 RER

SMOFR I =t DY

3920 1P 7 = P09 THEN 5340

3910 VECTOR(I) =6+ ROTH 5950

5940 VECTOR(D =

5930 KEXT ]

5960 REN

970 REN

5320 REM PERFORM THE ITERATIONS

5930 oe

6000 REN
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2010 PRE, WAL = 9

5020 FOR [ =1 TR K

B30 Sy =0

5040 FIR ] =1T0K

A5 T = 001y PARL MAT(I, N ® VECTOR(DY
5040 NEYT ]

£070 NEXT 1
5080 MAT = £01) & PO§ = |
509 FOR [ = 2 T0 K STEP 1
5100 IF AT > C(I) THEN 6120
6110 MAY = C(I) : RON = |
6120 NEXT 1
§130 PEN
5140 REN
6150 REM  TEST FOR THE NEED OF FURTHER ITERATION
5150 PEN
5170 BEN
€190 IF 4BS(KAY - PRE,MAX) ¢ .02 THEN 6260 ELSE 5190
6190 FOP J = | TDK
5200 VECTOR(J) = C(J)/HAX
6210 NEXT J
£220 POENAY = NAI
2270 6070 5020
4240 REM
3250 REN
8260 REX  TALCULATE THE EIGENVECTOR OF PARANAT®
£270 PEX
5280 REN
2R 1 =1 TOK
5300 EIREN(TY = C{1D/MAY
6310 NEIT I
5320 REN
£330 PEN
6340 REN  CALCULATE THE NORMALIZED EISENVECTOR OF "PARANAT®
£350 REN
5360 REN
§370 ETGEN,SUN = 0
R3O FR T =1 TAY
539 EIGEN.SUM = EIGEN.SUN + EIGEN(D)
5400 NEXT [
SHOFOR F =1 10K
5420 NOR.PARAVEC(I) = ETREN(I)/EISEN. SUN
§430 NEYT |
5440 CETURN
5450 PEN
5460 PEN
§470 REM INPUT DATA FRON THE CONPOSITE MATRIY
5480 REN
£490 PEN
5500 £0R 1 = 1 TO A
5510 FOR 7= 0§
£520 INPUT 42, MAT(I, )
§530  NEXT ]
£540 NEXT |
5550 RETURN
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3530 PEN
SETN 2Em
22RO oEM PERFORN THE MULITIPLICATION

ENEU Y,

5500 REN

10 F0R 1 =1 TON

a2 COMPOLVECITY = 0

6630 FOR =1 T0K :

S840 COMPO.YEC(I) = COMPO.VEC(I) + NAT(I,J) + NOR, PARAVEC(])
£650 NEXT ]

RBAO NEIT |

RETO RETUAN

£6B0 REM

£590 REN

5700 REM EXPRESS CONPOSITE PRIDRITY VECTOR IN TERMS OF

6710 REN

§720 REM

£730 CONPA,MAY = COMPOLVEC(D)

ST4OFOR T = 2 TO N STEP |

6750 IF COMPO.MAX > COMPO.VEC(I) THEN 6770

6750 COMPO.MAY = COMPO.VECHD)

6770 NEXT I

L7BO PR 1 = L TON

1780 PERCENT(I) = (COMPO.WECII)/CONPOLMAYY + 100

2300 NEXT |

5310 RETURN

6820 REN

5830 REN

£840 REM PRINT THE PESULT OF Rivrivg

£8T) RN

£8R0 REN

6870 PRINT : PRINT B, *°

6BBG PRINT : PRINT &1, * *

5390 PRINT *The ranking is: *

€900 PRINT &1, *The ranking is: *

£310 PRINT : PRINT 81, *°*

6920 PRINT : PRINT 41, *°*

£330 PRINT * *, "RANKING IN I*

6940 PRINT B1, " *, "RANKING IN 3°

£350 PPINT * =, * '

3970 PRINT . POINT Y, * *

5980 FAR 1 =1 TON

2390 PRINT "Alternative ®; [, PEPCENT(DY
"ae0 FRINT 81, “Alternative *; I,PERCENTID)
YO0 NELT 1

7020 RETURN
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APPENDIX C.1.1 --- MALAYSIA

(A)

QUESTICNMATRE
Sewerage
1. Total population 14 o ©0 oul (,L,d‘.i.'.? Ersv l"’a’aahh )
a) % in urban areas 35 9.
- Total 100%
b} % 1n rural areas (5 2_,__
2.

Percentage of population served by public sewers :

a) % in urban areas /3 7o

b} % in rural areas Wj‘«';}‘"{.&.
78 [

c) % overall of (a) (b) : ‘,l‘.f?o

The sewerage systems used in (2) above are zainly -

a) Combined szwers Yes or No
b) separate sewers : or [No]
¢) both combined & separate sewers ; or [E/

1f the answer is (c¢), please give details :

Nzmes of 3 largest cities :

Cirentis KL
a)  Kuala LHMJ-L\/ {population [[oco, com (4 xe.r
1 [ fm".'.T I
b) \7?({\, ([I)pulatlon gan + Swal Bloin
! + Keloina)
.
<) Geerge form. (population iyo, 00v ) AT SOATINN

F

—
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Total length of sewers : 0‘\[‘7 3 cihes LJ\»‘( .\'h-rourl .F‘/-f'u“.

in City KL/SAAL Alam is N+ Luvi~ K

a)
b) in City Crees A T is Vv kmn
! .
c) in City Kotn Kiwebalw is o km
d) Overall total length of sewers in the whole country is
km' bufr(rl-nf[, Lu Lu'r 5‘5‘1131.. -4!41~
At Lo, { r h.f
AA A f&uh FE o ¥ X S
a) Largest diameter of sewers used :
4So | m g (City )
mm @ (City )
m g (City )
b) Smalles diameter of sewers use :
150 mm & (City }
mm @ (City )
m g (City )
c Average depth
) 3 P r\.’-f\’" L#»rwm-
m (City )
m (City )
m (City )
d) Materials of pipes mainly used in the country :
[ stee; [
. I concrete | \/
|0tEerI : \/l }1\{1(1 (’ﬁvl Pr‘J
{please’ specify)f
Average cost of sewers §$ per km.

[Including |
[(excluding ]

} punping stations
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(B) Treatment Plants

8.

10.

1.

Maicul 7

12.

13.

How many wastewater treatment plants altogether, whether large or
small, industrial or municipal, are there ir the country?
1l ‘.V'f.
a) M‘*- FUSS.H.L t= j
1Y berﬁc-t A b

b) (private) e.g, in-house plants
1n factories, etc.

(public)

Whether or not a name list of the plants in (8) can be provided.

Quantities of wastewater produced per day :

a) Industrial estates ; (?0 m3/Ha/day (average)
b} Municipal : 20w 1/capita/day (zierage)

How is the charge collected from the users :

" f . j f\ rl'\l-..r Ct\.h7l'7 N
. -
a}  through "sanitation fee'? Yé or [No7] & por ]‘”M&r
b)  through water consumption fee? [Yes§ or [Wo]
If ves, so % of water fee is for wastewater
treatment.
c) through general tax revenue? | Yes | or

d) through property tax? lYesg/ or

e)  through other means? (Cennectin climg f"‘“ﬂ hoowse bt d,
(please specity) '

],uL/-\- $€e vl F

Average charge : § per m3,

The charges recovers :

[ Sewerage systems only)

[treatment plants onlyj

both
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MC" qu\.-ﬂ\ . N‘-‘LHL\]

. SUuUi L ? NGO
14. Whether or not equitable? [Yes or [Noj Svtn lomtnrad it
15. Names of 3 larges wastewater treatient plants :
p..\ (5% f-l\l'.
a) ) Pﬂv\{'ﬂf S 7'[’ (location s Ku luu\ Lumrmr’ )
[[Industrial’]

i} treating [ munic1§1 \.‘/ wastewaters
i both '

il) nethod of treatment : Az»ut‘e_l /A-ﬁ,‘ornr
y‘
iii) size : 7'-3—0, o0 population equivalent.
S»MA\T\‘- Ee; :,

b) LL'Lv'xir’ K.cr.\t}un}Lij(location . k‘b\{l-uk- LL\»HP“/ )
7 J T

{ industrial |}

i) treating | lrun1c1g_§1 Q’ wastewaters

ii) method of treatment ; S‘h\l..'l.‘yha% rmoLv
LV T

iii) size : 22, g population equivalent.
S( f'..'./-‘\ L .
) LJA' Aichain S [f (location : Nulua L“‘“j'“" )
L f
findustrial

i) treating | municiélg’ wastewaters
{ both ]}

il) method of treatment : fhlsa'l-}xhlm pondo
e [

iii) size : ’?', o0 population equivalent.

(5() rtlc’\,c'? ¢ . TF gt (ucLu—a . f:'j/( : ;P,m f. €
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16. Future development in treatment plants :
a) Centralization or decentralization :
i) One plant for a few nearby towns/cities?

i1) Each town/city has several plants?

[Ty or [W)

b) Size :

i) tends to be larger? or [No] Duabicr Gaend?
ii}) tends to beé smaller? or N

Do ptwclog awa

iii) No change? or [No] £ Frun brbes

17. 1Is there or will there be any provision for effluent reuse?

Yes or | NO\/

If yes, in what way?

(C) Legislation and Management

18. The authorties dealing with fresh water asd wastewater are :

[scparaté \f
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19.

20.

21.

Names of the authorities which formulates policiesconcerning

wastewaters are :
{1. M;n.'u-.-., -rt Weatrt

a) On national basis : | 3. pfinisén fr} Huwiy & Lowad Evvtnnrant

] ]

f. N]'Jn.-)» Iy SC.‘(.C‘-’ chl..wfor) L Enviegnint X

b) On regional basis : {/{A}
c) On city basis : Muﬂicﬁ'fp«l Cown il / Dasdnt Conweld
d) Others : /
The relationship of a, b, ¢ and 4 above is :
No }f-muha( »—cl:-hbuk:jg. Ne anthonhy g

J

Jl«lnm's.r.'v—e, tv f\H”’t\A ]

Are the authorities mentioned in (19) responsible for setting
effluent standards?

[YesY or

If no, what authorities? Bt "”'L] (=) o 19

ey

The division of region (see 19.b above) is bas on :

a) the existing administrative boundaries.

(Tesy or (W)

b} another set of boundaries divided according to the water
courses,

‘. Yes l or ] NOQ
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22.

23.

24.

Nanes of the authorities responsible for enforcing the legislation
and controlling the industrial discharges are :

a) m natlonal baSlS DLP\!tMWT UL E;lug(,n.rmut;CPllhu [}

h) On regional basis : 4QJ

LGQ/.,L av‘lHWn.f"‘b/ ( it Mhﬂl‘dp-\.l. Casvnet {/

B SR & Ccl!nalr{) ‘

¢}  On city basis :

d) Others :

The relationship of a, b, cand 4 is :

____Mn r{_ﬂ.fi f‘c(,kl""o*\.‘t\,;r be hotenn (a) avd (,C‘) ‘

.S_c (-u -rlr.‘moh’] £ L'mfuron-cnl’)

A

N

Names of the authorities responsible-for the planning, design and
construction of wastewater facilities are :

a) On national bas'i's':"f‘/-'n.'rh-\,
- 7

f} H‘Du:"--f 2;. LOCA( G—;Lvt”.me.sr
T ] ‘

b) ©On regional basis : {1

Locad”

[ N ot
auﬂ\ m‘h'(,.l

c) On city basis 3

d) Others :

Theﬂrelatlonshlp of'a, b,'c and d is-ou o

(a0 {)lm»d Ia\ c,obr'( t-.a.h-—sf r'u’{_L _ !

{
{<) r’wrﬂ M octnat imglemitmhb 'T’(L-

i

Names of authorities responsible for the operation and maintenance
of the sewer and treatment plants are :

é) On national basis : 7LJ(

b} On regional basis : ylud

¢) On city basis : L—oLal Gty po

d) Others

The relationship of a, b, c and d is :

264




28. Have the fdlowing points in general been provided for in the
legislations for industrial wastewater discharges? ‘

a) Staged implementation (geographically)

[Yesi or | Nog

b) Different effluent standards for different zones.

Yes or INQI hv’b d,{/f_q__‘-...f (Fh.~4ﬂo0{- : g-f'f\...dmtt, A &
¢) Standards expressed quantitatively E@/ or

d) are there existing discharge exemptions or

29. Expenditure spent in (i) sewerage and (ii) treatment plants':

National
Before 1980 -- 3
1981 -- $ .
NH '{W\W"\
1982 -~ $
1983 -—- $
1984 -- $ (
ME 2 98 basd o~ 1983 b
1985 to --  § ‘ e 13 price e )
ultimate
$

30. Please outline some difficulties faced in the implementation of
these schemes, technically or managerially.

(- Llack ¢ fuad.
| !

1. St\whft cf'} troiacd Mdn oy T
T [ ]

3. I\JO C,ln{')%( Attﬂw,q‘}'xl to Lf. 4./&.{.”.' rJ yot.l-'b'Ll {'ﬁ‘/
J ! ! !
Ha awatter )

A?_ 1984
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APPENDIX C.1.2 --- THATLAND

QUESTIONNALRE
(A) Sewerage
1. Total population 5_5_, 000 000
A T il in 6:—-“( 2-'./
a) % in urban areas y v fia Iz c‘,.,“
Total 100%
b) % in rural areas 74 ?., i e Te

rv'o vicevad Cihe2

2. Percentage of population served by public sewers :

a) % in urban areas [00 00O  mduield are ctrved {j
) Fu Lo seters
b) % in rural areas ____O__/:‘

c) % overall of {a} (b) : prochealbly 0?,
/ } ’

3. The sewerage systems used in (2) above e&re mainly :
a) Combined sewers : Yes or

togy ol fens
b) separate sewers : Yesy or [No] 7£"" s 100 ferten

c) both combined & separate sewers : or [No]

If the answer is (c), please give details :
Combrned Arver s stk to c_p\{:bu__}tu-r
Strm avnlen :"\r‘{_itl.l.vv‘,lmi
v [

4, Names of 3 largest cities :
a) gﬂ Y‘- k (population é ton e )
b) C{\'G\IN.}MJLI (populatlon 0" f-uf’IIf.l.&-—_)

¢y _ “507&" (population 58 oco )
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{B) Treatment Plants

8. How many wastewater treatment plants altogether, whether large or
small, industrial or municipal, are there in the country?

a) [6 ( l«huu:.'/:[.-.,() (public) [y’ (z-u.alol')r 2 (fqb‘nr)
+ = 4

b) Joo ( indettniod ) (private) e.g. in-house plants
in factories, ete.

9. Whether or not a name list of the plants in (§) can be provided.

10. Quantities of wastewater produced per day :

a) Industrial estates ; wi} Lh-vwv m3/Ha/day (average)

b} Municipal : [EXe; }/capita/day (average)
‘l'ﬂ-h»v. {'nra,l-r . 15¢
11. How is the charge coliected from the users :

a) through "sanitation fee'? Yes or |E/

b) through water consumption fee? or @/

If yes, % of water fee is for wastewater
treatment.

¢) through general tax revenue? or @/

d) through property tax? [Yes] or [Noy

e) through other means? No "t““z‘ No smck & gupfim ot prescr,
{please specify) 41 . o .7 olen @ clar
tadetbrelis s wWha disddar
traffiovilirm bt 1t plals

12. Average charge : $ per m3, & awr yet Tmfl'ewwrd )

13. The charges recovers :

| Sewerage systems only]

| treatment plants only|

[both ]
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14. wWhether or not equitable? [Yes or [No]

15. Names of 3 larges wastewater treatment plants :

a) /_‘/umj KL-w'mﬁ ”T(location: ”““*; ",L“"‘j' E“"‘I/L"k }

[Grdistrial ]

i) treating municipal wastewaters

|b0th|

ii) method of treatment : Ach’vafci S'/Lu(:(t
J

iii) size : 2 0, e 00 population equivalent.

b) lelr.-vj C‘[\-"“ -gT((location : K“qu_ L;_:\.,.J E’nu}kck )
U J ' 7 -

| industrial |

i) treating [ nunlm@l | wastewaters
| both }

ii) method of treatment : A»ch’vv-.rul J’V\-'{fc
T

iii) size : 38 ,eeo population equivalent.

) Faﬂa% New STP (location s PC'H"‘;}*" )
v J

[Trdusteial |

i) treating i municipal wastewaters

[oth)

ii) method of treatment : K K C

iii) size : 129 oo population equivalent.
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16. Future development in treatment plants :
a) Centralization or decentralization :
i} Onme plant for a few nearby towns/cities?
[¥e5] or
ii) Each town/city has several plants?

[Fe=Y or [F]

b) Size : D_"ﬁ{bu,{,r o oavinte . D.Qr(-u\bld fw (Thenhing,
i) tends to be larger? |Yes] or l No |
ii) tends to be smaller? |[Yes] or [No]

iii) No change? [Yes] or |No]

17. Is there or will there be any provision for effluent reuse?

Yes or | NO\(/

If yes, in what l'.-hsny?

{C) Legislation and Management

18. The authorties dealing with fresh water and wastewater are :

[ the same I

{ separate
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19.

20.

21.

Names of the authorities which formulates policiesconcerning
wastewaters are :

n”:\hhu.ﬁuk C'V\v‘.'rchn.\h,.&_' Su‘_‘rd'f——— I.hu....'v.\r»(
a) On national basis : "Ludushadl Werks Digarbraot"— Tnduibaiad
I

b} On regional basis : Samt _an (o)

n‘_’ h
c) On city basis : bm«ﬂ-tk Mletropoltnm Adndnirbra b
T

d) Others : Ot~ cihus: L L-m(/c:x]_cm_g;t

...,, a 'Ih-"
E Vi k

The relationship of a, b, ¢ and d above is :

(CL//(*{) fl"ollo»ﬂ' lu {y-mc%r_ljo at 'u%\__('ﬂ‘)

Are the authorities mentioned in (19) responcible for setting
effluent standards?

Yes¥ or [No ]

If no, what authorities?

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.

Ew‘t L NE a,qmﬂuw'r s fL.’-..L.'.T 6} c‘Ltw-j fo .
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22. Names of the authorities responsible for enforcing the legislation
and controlling the industrial discharges are :

a) On national basis : Jidasiwid Lerke Poposinant (e Iwp)

b) On regional basis : fwnwelks ¢] IW/D
1

<) On city basis :

d) Others :

The relationship of a, b, c and 4 is :

23. Names of the authorities responsible for the planning, design and
construction of wastewater facilities are :

a) On national basis : f\(: suel an 4 h“.,LH-J’ O i b oA

T Las:s .

b) On regional basis : [i/Dp (e¢.3. f,‘mxip\ $7P)

C) On city basis : /'\/A{'r'on-»( f-louft-hlj Aumr\nﬁ,
J
d) Others : _Qt’.Fﬂrhuw(' oL#&&m —_— -fo"r_-;n Acs[’:/uls all
] OS’Z‘\- lef{uugl

The relationship of a, b, c and & is :
'\;’0 f"T‘bP-u- ,H_/A‘!E.LJL,IL.
L) T ’

AR (—} reSpon g Ll h s ‘< vty Confuud.
' I 7 T

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 : S_,’fu'lc.f t ().
c) On city basis : Cacl autbemheo ;t;LL care
d) Others : _ J (} i oem STPS
o Lati , ' -
Not Tla~e 11 o P"‘I oy Aot fw thae _}“hw‘_ "’(’(_F__ "
gu? Banghek o1 L&, u,‘h anyhl. Mch-zﬁl,h... Ao bt ™ g
ot "d-‘ Ml oftan flnub(m offun m..o..g.-f.r.-m) 1,,-/, Le wndie PvD .
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25.

26.

27.

The authorities responsible for monitoring westewater discharges
are same as the ones mentioned in (24).

[Yes] or (WA

If no, what authroities? \7&&4[54}«( toatteewtins — IWD

Muu-’.‘.\‘f‘\i asailevrate, —m I\/o L\U‘dt"r{‘\l (f r..o».f‘r-dit-"-j
N / - T J ]
.t

Briefly describe the methods used in monitoring wastewater
discharges, (e.g. the number of times in a month taking
wastewater samples from a factory, etc.)

I.L\/P {'&L.Q:,_ <M l"E(l" [T S TR o + 4 b
/ pR

a, LA~ -

How many legislations currently are there concerning with water
polution control?

1. Rylek MEMFnlfﬁc_ AMeiviibmbine ActiDate : 97¢ )
t v '

2. Nqﬁl_‘._‘_-( [ | &wli‘g}pﬂd’ (Date : |j7é‘ )

3. Buildy gured Aet ____ (pate: __19719 )

4. Demubc C"]ﬂwf St rndsrdo {Date : *lh# !glmg N_v‘_-'Z)

The approximate time of enforcement after the publication of
legislation :

{17year ] | 2 year ] 3 year

[—cTt'lTér—s_] { Pl lL:n Q,
(please specify)
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30.

Have the folowing points in general been provided for in the
legislations for industrial wastewater discharges? *

a) Staged implementation {(geoyraphically)
|Yes| or [NoV
) Different effluent standards for different zones.

‘ g l l4‘$khAﬁL‘.AgCﬂ»—AD

c) Standards expressed quantitatively [Yes¥y o [(No)
d) Are rhpre existing discharge exemptions {Yes] or -/
”of Tin fm/

bt l-dﬂlrah-h by
'hormq“l.’ ie- to

Expenditure spent in (i) sewerage and (ii) treatment plants’: old f“'“".“'
National
Before 1980 -- 5
1981 -- $
1982 -- $
1983 -~ $
- ND ]ﬂhu-—
1984 -- $ r ‘T
i on L( ya ’ [ &)
1985 to —-  § Fa‘"“ Gt ol ke
ultimate avtuwd sutherbes aw reveled .
s

Please outline some difficulties faced in the implementation of
these schanes, technically or managerially,

. LQUL qr f;""‘,d 7 tvidr Gt o l\,\‘ﬂ,‘ ‘- M ]N,-‘h-v:ﬁhf’ Lto
| I ”

Y 1 7
z. LA(,L (I}_J_Mﬁf\uu‘a:m on part f}- }L»\Luh( PH.LI-"; )
—7 [ -
3. Lack & Hainiy in bl feclw cd aud pwf{f:.‘..w( le <ls
i | i
4 f\"lauww U’NL,CM —_— D‘r\:k{lﬂ-ﬂ! GE v r 4«#—“—1 Ot e e

l 1”\1;\,\“.] d,u\.L h: MA.-T.!L-&-J‘ 4,1#:““1‘—:

Janonny 1187
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\PPTDIX €, 1.3 --- TAIWAN

QUESTIGNMAIRE

A) Sewcrage

1.

Total population approx. 18 million
a) % in urban areas 20
50 Total 100%
by % in rural areas
TN
STORM SEWER ' SEPERATE _ SEWER
4 tl )
to Conves taereulicr) 1985 1091 Aa—
Percentage of population served by publIC Sewers ; 1963 1991
Taipei 82%  90% ! % Eg%
a) % in urban areas  Kaohsiung S50% 75% ) % %
b} % in rural areas
c) % overall of (a) (b) : 3% bk - W 25.65%

The sewerage systems used in (2) above are mzinly :

a) Combined sewers : Yes or

b) separate sewers : or [No]

¢) both combined & separate sewers : or [No]

If the answer is (c), please give details :

seperate sewerage system constructed since 1970 in several urban

area or large cities.

tames of 3 largest cities ;

a)  Taipei (population  2,25(,00 )

b) Kaochsiung _ (population 1,25C,000 )

c) Tai chung _ (population 60C,000 )
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{B) Treatment Plants

8. How many wastewater treatment plants altogether, whether large or
small, industrial or municipal, are there in the ocountry?

a) 17 (public)

b) 200 (Kaohsiung ) (private) e.g. in-house plants
in factories, etc.

9, vhether or not a name list of the plants in (§) can be provided.

10. Quantities of wastewater produced per day :

a) Industrial estates ; 20 -2 r.r.3/Ha/day (avérage)

b) Municipal : 250 = 320 1/capita/day (z-erage)

1. How is the charge collected from the users :
a) through "sanitation fee'? | §] or
b)  through water consumption fee?

If yes, _ % of water feeis for wastewater
treatment,

c)  through general tax revenue? or (™)
d)  through property tax? [Yes] or [E/

e) through other means?

pleasc specify)

12. Average charge : S 1.5 per m3, (for municipal sewerage and

treatment plants ,

oot industrial.)
13. The charges recovers :

[Sewerage systems only]

[ treatment plants only]

Iﬁahh!/
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16. Future development in treatment plants :
a) Centralization or decentralization :

1) One plant for a few nearby towns/cities?

Yes]/or [T

ii) Each town/city has several plants?

b} Size :
i) tends to be larger? //or [no]]
ii) tends to be smaller? or -/
iii) No change? or [_@/

4

17. Is there or will there be any provision for effluent reuse?

[{e=] o ()

If yes, in what way?

Yes, but very little paper mill industries (pot pulp )

Min Shen effluent - irrigation of glasses,

() Legislation and Management

18. The authorties dealing with fresh water and wastewater are

| the same l

v
s

‘ separa t§/ ]



19.

20.

21.

Names of the authorities which formulates policicsconcerning
wastewaters are :

a) On national basis

]
vy & A i E National B £
(’% Lo 1% .17, " /'.7 a earue o

b) (n regional basis : [ env. protection.

LIy f A .'-"" <
c)  On city basis : f [ A It ) ¢ }.) Bearue of Env. Pra. City based
2.g., Taipei, Kaohsiung.

d) Others :

The relationship of a, b, ¢ and 4 above is :

Are the authorities mentioned in (19) responsisle for setting
effluent standards?

(Yes} or

If no, what authorities?

By National Bearue only

The division of region (see 19.b above) is based on :

a) the existing administrative boundaries,

[Yes | or [No]

b) another set of boundaries divided accordinq to the water
courses.

|.Yes ] or ] Nol

under consideration, during planning stage.
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22.

23.

24,

Names of the authorities responsible for enforcing the legislation
and controlling the imdustrial discharges are :

a) On national basis :

b) On regional basis :

c) On city basis :

d) Others

The relationship of a, b, ¢ and d is :

Municipal wastewater : same as 19

Industrial district wastewater : industrial district Management Centre

L T ER oD
T % G L 1R e

Names of the authorities responsible for the planning, design and
construction of wastewater facilities are :

]

. : DA A N R S
a) On national basis : ig Q ﬁ)b;i’ ’x]u:( w [

b} On regicnal basis : 1; Ak,w» / ;. Ai )i 2&”40

€)  Oncity basis gﬁf g /ﬂ] oo 4 [,l [ /;/f;
d) Others : '

The relationship of a, b, c and d is :

Names of authorities responsible for the operation and maintenance
of the sewer and treatment plants are :

a) OCn national basis :

b) On regional basis :

c) On city basis :

4d) Cthers :

The relationship of a, b, c and d is :

same as 23.
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25.

26.

27.

The authorities responsible for monitoring wastesater discharges
are same as the ones mentioned in (24).

[fes] o (]
\/

If no, what authroities?

Briefly describe the methods used in monitoring wastewater

discharges. (e.g. the number of times in a month taking
wastewater samples from a factory, etc.)

Taking samples from the factory several times i: a month by each sewerage

treatment plant or pollution control division.

How many legislations currently are there concerming with water
polution control?

1. ot s, (Date : 197-/ 7/11 )
2. AL EBY 1408 (1eviid) (Date 11963/ S/ 27 )
3, T A4 54 VY, (Date : 198/ 1985 )
4. (Date : )

The approximate time of enforcement after the pblication of
legislation :

% vear ]
| others | immediate

. (please specity)
AT B ik G

Standard : Entering public sewers

BOD5 not exceeding 600 mg/1

BeBe v 600 ms/l
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28. Have the fdlowing poincs in general been provided for in the
legislations for industrial wastewater discharges? ’

a) Staged implementation (geographically)
[Yes] or |No l/
b) Different effluent standards for different zones.
c) Standards expressed quantitatively - or [No]

d) Are there existing discharge exemptions [Yes] or @/

29. Expenditure spent in (i) sewerage and (ii)} treatment plants’ :

National City : Kaohsiung

Before 1980 -- $
1981 -- $
1982 -~ $
1983 -- 3
1984 -- $

1985 t0 == N7 ¥ 305 o0m 3640 m
ultimate :

30. Please cutline some difficulties faced in the implementation of
these schemes, technically or managerially.

i =

2. land available "

3. technical problem-

4, traditional idea "
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APPENDIX C.1.,4 --- HONG KONG

(A)

QUESTICNMAIRE

Sewerage

1.

Total population nearly 6 million

a) % in urban areas 90

} Total 100%
b) % in rural areas 10

Percentage of population served by public sewers :

a) % in urban areas 98

b) % in rural areas 16

c) % overall of (a) (b) : 90

The sewerage systems used in (2) above are mainly :

a) Combined sewers

g 9
B H

b) separate sewers

c¢) both combined & separate sewers :

or [To]

If the answer is (c), please give details :

Urban area have seperate Bewerage system

MNzmes of 3 largest cities :

/

a) (population-—"" )

b) ,,f”TESEGI;tion }
T ,

c) e {population )
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5. Total length of sewers ;

a) in City . is km

b) in City ' is lan
c) in City is km
d)}) Overall total lenc};q:;h of sewers in the whole country is
6. a) Largest diameter of sewers used :
2100 __ ¢$ (City ‘ )
mm ¢A (City )
mn g (City )

b) Smalles diameter of sewers use :

300 m g (City )
mm g (City )
. mm g (City )

c) Average depth

m(Sity . . -
m (City )
m (City )

d) Materials of pipes mainly used in the country :

[ stee_I. 1

{ concfeteil/
l other | :

(please specify)

m
7. Average cost of sewers HKS 000 pPer Jat ( for 2100 mmd3)

{(inciuding |
{ eféﬁdlﬁa
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(B) Treatment Plants

8. How many wastewater treatment plants altogether, whether large or
small, industrial or municipal, are there in the country?

b} (private) e.g. in-house plants
in factories, etc.

9. Whether or not a name list of the plants in (§) can be provided.

10. Quantities of wastewater produced per day :

a) Industrial estates ;550,000-100010}31n3/ﬂa/day (average)

b) Municipal : 210-450 1/capita/day (average)

11. How is the charge collected from the users :

a) through "sanitation fee'? (Yeg] or @/
b)  through water consumption fee? or @/

If yes, ' % of water fee is for wastewater
treatment .,

c) through general tax revenue? @/ or [No]
d)  through property tax? [Yes] or @/

e) through other means?
(please specity)

12. Average charge : s _er o3,

13. The charges recovers :

| Sewerage systems onlyf
-~

|_treatment plants only|

~ 558

Noi applicable




14. —Waether—or—pot-equitable? .[Yes]. .. or. @_

15. Names of 3 larges wastewater treatment plants :

a) Shek Wu Hui (location : Sheung Shui )

[[industrial]

i) treating ]munim@l | wastewaters
[Eoth )/

ii) method of treatment : Secondary treatment

iii) size : 293000 population eguivalent.
b) Shatin STP (location : Shatir )
| industrial |}
i) treating | nmn1c1'[:_>_gl | wastewaters
ii) method of treatment : secondary treapment
iii) size : 276800 population equivalent.
c) Tai Pa  STP (location : Tai Po )
| industrial ]
i) treating | municipal ] wastewaters
[Botp )
ii) method of treatment : secondary treatment
iii) size : 140,000 population equivalent.
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16.  Future development in treatment plants
aj) Centralization or decentralization :
i) One plant for a few nearby towns/cizies?

ii) Each town/city has several plants?

(] o [m)

b) Size

i) tends to be larger? q or [No]
ii) tends to be smaller? [Yes] or @/
iii) No change? [Yes] or @

17.  Is there or will there be any provision for =ffluent reuse?

/' or :NO I

If yes, in what way? being considered; trking party set up-

recently (early 1984 ). No specific prozssal yet.

(C) Legislation and Management

18. The authorties dealing with fresh water ang wastewater are :

" | separate,
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22.

23.

24.

Names of the authorities responsible for enforcing the legislation
and controlling the industrial discharges are :

a) On national basis :

b) On regional basis : ”fﬂ,f’f"r

ey
—/

—

c) On city basi

ers :

The relationship of a, b, cand d is :

Liquid & solid wastes of Engineering Development Bept. (fe.EDD)

Names of the authorities responsible for the planning, design and
construction of wastewater facilities are ;

a) On national basis :

_/_

e
b} ©On regional basis : L
/

L —

on city basisi
c) city basis i
m:

The relationship of a, b, ¢ and 4 is :
CEO of EDD

Names of authorities responsible for the operation and maintenance
of the sewer and treatment plants are :

a)  On national basis : _——

b) On regional basis : Pt

c) On city bgsisff”'

d)—Ofhers :

The relationship of a, b, c and d is :

_Electrical & Mechanical Sarvices Dept._
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25.

26.

27.

The authorities responsible for monitoring wastewater discharges
are same as the ones mentioned in (24).

Yes or

I1f no, what authroities?

POllution Control Dept. of Liquid & Solid Waste Division, -
EDD

Briefly describe the methods used in monitoring wastewater
discharges. (e.g. the number of times in a month taking
wastewater samples from a factory, etc.)

fortnightly to once a year

How many legislations currently are there concerning with water
polution control?

. Engineering Development Dept, (Date : | Net ordimauee )
2. Agriculture &fisheries Dept. (Date : } bt M“{L] )
3. Marine Dent, (Date : ] Maulah‘o“r )
4.  Waly Pyllutivn Control Ordinance (EPA) (Date : 1980 )

The approximate time of enforcement after the publication of
legislation :

[Myear ] - [2 year |

[others | 4 year

(please specify)
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28. Have the fdlowing points in general been provided for in the
legislations for industrial wastewater discharges? *

a) Staged implementation {geographically)
[Yeg/{ or |[Noj

b) Different effluent standards for different zones,

@or (N0

c) Standards expressed quantitatively or

d) Are there existing discharge exemptions [Yesf or ([WNo]

29. Expenditure spent in (i) sewerage and (ii) treatment plants’ :

National
Before 1980 -- 3
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+ discharge to storm drain.

Arm”f 1184
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ATTENDIX C.2.1 --= MALAYSIA

Rame of Wastewater Plant ....f?:f}:{t . > T.f ...........................
Location R"ff.[‘f.“:‘}.,/..f(..':‘.., .n:!.‘.'f‘.?":‘_.": Precinct ( Selowgor )
Detail 8ddressd 1 ...evciriviriienreetananesntaatnassaataaaenana .
C e e e s tEaatecasratreate et ettt atas et a0 Tel ¢ vvineenrsrann vee e
Name of the person responsible 1 ..?df...K:..f&%?ff!?ftﬁsfft ..qdf; A!V“f& Than:
Date of £{lling this form : ....l1 8k . ........ e e e ceen

o e g S R AR TR AR AR A YD MmN AR N A A T A A e TR AP R U SR T AN RN A AR SR S am AR S e SN WL M SR T AR e M e M AR wm M G m P R R wk i WA

1. Name of the Consulting Engineer designinz this plant :?f%f?j}...
gg.:fhu L. ‘V‘A't\t e ._th(vnﬁh-mw'-.( {onsultant Sl("\. f:l\c(.

-----------------------

Address 1 ..Noo A Jalaw  2oiEA L Caramennt Gardens,

....'?“.Y%'."ba..agw‘..S.e.’er;fﬁr.,..Ms\.leﬁf».‘e. Tel , ... 1745233,
2- Treatment methods used in this plant :

a) Preliminary treatment : ....;EQEFE?Z. Ceterreanaenas caiseea Cerane

fesessessetaasrsassrassssssssss(€.g2. BCreening, grit removal etc)

b) Primary treatment t .}. .(tf-}l"l.l’:j/:“ﬂ}.. 7:‘:""’l .‘t‘...wi‘.{?‘.’!‘.ﬁi.“..f.’.“.‘{

tesesistecsccsstasacrolkrosssnscssserasrsas (€.g. sedimentation etc)
¢) Secondary treatment : .....c.c00a Cresiaeesaraneas e aiaeees e
cerssirarrensnsaans (e.g. trickling filter, oxidation ditch, ect)

d) Tertiary treatment 1 .cceeosvecses

T e et e et ettt e ea s

s a %t s b doe e

L B B A B I B B B I IR L I B I B o e % 4 8B d bt eSS Nt

(e.g. sand filtration, microstrainer, grass plots etc)

Ji
3. Sludge treatment method(s) 1 .....‘1LU&

tectsssrssssaarss (@e.g. aerobic/anaerobic digestion, thickening etc)

i
4. Sludge dewatering method(s) : ..... { YL...

vessssersssssrsaas (e,g. drying beds, filter press, centrifuge, etc)

5. Existing total area of the plant 1 q' Ha

6. Wastewaters from what industries ?
mainly : .. .A'” Iritn '-"/_T{..:{ 4mrafteele o

LRI R R B R B B NI A A B A I O B R R B R R R R BB B I

Oothers ! ....cvivievcenase



2 3‘ v
Construction coet (excluding land cost) ¢ § ks ‘:.’.‘I:.(." e

lllllll L) LN SR R ]

(based on the value of money in 19.2:‘.)

a. Civil works :

59““4‘5*°ﬁté;éiﬂoef%ag worke ...l ... ... % Sub-

2 [ fe .. 47
buildings (excluding staff quarters) ...4%... % total .{.,.. %

staff quarters .......... %

B ol T S

1 3 total
100%
b. Equipment ...q: %
Capacity of the plant based on the capital coet in (7) above :
a) ..... Creaaaas &D ?.O.. .......... population equivalent
and
. O L"P"_u. ...... .. m3/day (average)
in which
........................ % 18 industrial wastewater
Y S D, S municipal wastewater } Total 100%
Ultimate capacity of the plant ¢ .....oecenvenn. seenvnes population equivalent

in Year 19 ....., {i.e. Cevtecenarans m3/day (average).
I\qu' ?Lt Evonta bt wltimale Q\rnc;k) weidl be la, il
Estimated ultimate total construction cost, including capital cost in (7) :

$ citiivsiieeiitiare.. {(based on value of money in 19 .....)

Ultimate Total area

L R I R R T RN I A B B A Y Hﬂ

Cost that the users of the treatment facilities have to pay : N

1
f/)4<z::..a:ffzJper ﬁ3\ffve;a§e} rtymTL\ rafay //rrmrA11 tox

a. The total income can cover i

(1) I:]- operation/maintenance cost of the plant

(11) - construction coat of the plant

(111) %- both operation/maintenance and construction costs
(iv) I:I- the total incomes 18 even more than what is

required in (ii1i)

b. If the answer of (a) above {8 (iv), whether or not it includes

coat of gewers conatruction 7 lincluding or |excluding)




11.

12,

13.

14,

Operation and maintenance costs {(based on 19

Chemical 1+ $ ................. per month
Energy - per month
Persomnel ¢+ $ .......... seesnaa per month

(including staff, chemist & labourers etc.)

value of money) 1

r Total

Repair & unkeeping $ ........ +esss++ per month \jk{TYNUJ,h,
Othets 3 (---nc-.o- $oo--o--- ------- pel.' month m H,UlQLA
l.'ll.!llll.'.".ll)

please specify

Number of persons associated with the opecation on the plant :

Number of executive ataff 1 }. .............
Number of staff in laboratory ,..fyff;.qfff.fff.f{h” ﬁﬂJ’
Number of technical/operaticnal .;?.. J.f.?.:%jb.%
Number of supporting staff T oiiee i
(e.g. general clerk, accolunts clerks, typist etc) L Total
Number of labourers _ \E%:fff5.f??;Jﬂt%... T
Others : (.....00uu..s Cesrenans ) I T ceeaeas .
please specify —
Average degree of pollution of incoming wastewaters :
BODs = vnveninnnn. dO8 L e
5.5, = sf"' mg/1
COD = it it eo mg/l
pl W eveessessasasdiiiieienennns
Major chemicals s ..... M7 <N . (?'lfj ...... ppa)
ur-

QR ppm)

cesterirevecnsese Ppm)

BN

LA B I L I B R B I NN}

Average degree of

pollution of wastewater aft4er primary treatment

but before secondary treatment. ( ¢. Ahthee Hy [ef 4 M 2.d fz\dl)
BODS ﬂ-o--oqo-u----—l'oo-c-

S.S- -locnlol

.. og/l

’1............... mg/1

" s 00 0

COD = evvnnnean ¥l mg/1

pH = ............7.'.?3..... ......

Major chemicals .JnyZ:.?g......... (......ffi.z....... ppm)
..ﬁ*?.r;fg...”.... G A A )
creceeresrisssessses {everiiisnenannass ppm)



15.

16.

17.

18.

Average effluent etandard after secondary treatment but before

tertiary treatment 1

BODg = ..... et .%j.... ......... mg/1
T ek . mg/1
COD = ..... Ceeeanaan oo, mg/1
pH " e ecererarane N S
Major chemicals 3 ..... hl”i.:fg.. QP KT ppm)
. ...C‘ta TN Gl )
Ceveseesaneanascores G vees. ppm)

Average effluent standard when {t is discharged out of the plant :

BODg = wuevererae...Bhoiill, cereen. mg/l
8.8 T iiiieeieiaeaa. R mg/1
COD = ...... Ceeenen oo i, mg/1
pH N “eereserenaraaaa
Major chemicals ¢ ...... b{Hfify ....... (evevnnn b . ppm)
C"}'U ...... Covevnnnndns £, ppm)
chetrereresanaan R Ceeneen ppm)

Distribution of the total plant cost :

8. Preliminary end primary treatment i ......... % of total cost
b. Secondary treatment : ......... % of total costs
c. Tertiary treatment s ......... % of total costs

Note : total cost is the cost shown in Item 7.

Average volume of the sludge produced per day :

untreated ......jilAa...... m3/day, treated ...... cieveeen.. m3/day

Average percentage of water content of sludge : cevese % moisture

(treated)

«ssses % molisture

(:ntreated)
flow is the treated sludge disposed ?
f .
'.-..‘.‘.'.N::?:-..erl'ﬂm" IIIIIIIIIIIII 9 9 e arry LB B B B B B ¢ s a8 a8 LN ]
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19. Whether or not the gas produced 1in

produce energy for use {g/the plant ?
Yes or

If yes,

sludge treatment 1is used to

a. The percentage of the total energy required in the plant

e s 1

from the
gource, x = ,,,.

Whether the energy cost quoted in (11) expresses this (100 - x)% ?

Yes or

If no, how the gas is used or disposed ?

20. Equipments used in the plant [see Question 7(b))
(a) ........ % 18 imported (in terms of value)
) ..002. 7 1e locally manufactured (in terms of value)

21, 1Is there or will there be any provision for effluent reuse ?

Yes or Ny

If yes, in what way 7 .....

--------- LA R N N N N N R ] LI} * .
a s 20w « s . . L] ‘v * e 28 B e 0w L N L B O R I R I ) * a0 080 .
* e e s aa » - L Y as. * v L] L N Y . L LR e L [

- submarine outfall, length of outfall

TO[ ———— AR R km

L N N N RN EEEE]

(please specify)

22. Briefly discribe the methods used in wmonitoring wastewater

discharging to this plant. (e.g. the number of times in a month

taking wastewater samples from a factory, etc.)

L L B I B O I R O O I R T S S

o) C.Cn

LI B B I AN N B LI LEL I B I B 2 R I B B R R B I N

LI I R R R B I I I A O S S

0--oulocillln-l00|0l.-ocl.lt...ll..tu-nlll|o¢occclllotlln|lo|-.oclc--

lll.l..lll'.l'.-!l.lll.l.....!llll.l.l..lillIl.l‘..l...I!.l!.l‘.."!l

$



23.

24,

25,

In your opinion, do you think that thie plant 1is
successfully ?

Very Fairly Not

Successful Successful

running

Successful

What difficulties do you find in operating the, treatment plant?

Financial problem Yes or IHEP
Economical problem : |Yes or [Ew/
e 0

Social~cultural problem ! Yes o

Operational/technical problem : Yes or EEEY/
Environmental problem Yes or [Eﬂ//

Legislational problem 1 Yes or EEE/
Administrational/organisational prpblem [EEE or [:3//

Other problem 1 Yes or [:ErP ......... teveeas ceneann e

LAL BB B BE B BN B B BRI R Y .

Please elaborate on the problems found in (24) above 1

l-llolcoto--lo".In-tl-o--al‘noio.olul.n.c..'ll---ollllo.no---colloil

LA R L I R I R R I R O I O I R

AL L B LB BN B R I I I T I R R I R I R I N A N )

t-loll-o.ot..oouilco.'cn-o-c--lo-uno'.--lo-lolotc-u--oo---llco----.-n

L I R I I R R I I O O T YN T T RO LI LI BB B BN R N R I N

(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

---------------

Location i So“rt\"“bt“ Do sesesesss  Precinct ( Patia )
Detail address : . .F."E'CQ‘..T?\!’:..'\.JM‘. .’2.‘2".\4. Ldonth Fatta TR pnd
e i, eeeeeaes Tel (033,?““"1;
Name of thte person responsible ‘k'*\‘/"".\..‘.s.".'.c ................. . vae

Date of filling this form ..aﬁn.!ﬂf?J ....... Craaiaeaees trrresesanaan -
1. Name of the Consulting Engineer designing this plant + ..............
...{’h‘tl:.c...".\’.'!'fs...?’:’- .*.’.f.fz%vf. f’«rham Theslewmd
Address 1 ..{o .H""E* ........... i?’i“."f‘éa'.‘b. Thailond o
e e ter . (038) 429021

2 Treatment methods used in this plant .

a) Preliminary treatment : ’“’Vk .................................
teeae et aea it e et eraneenen (e.g. screening, grit removal etc)

b) Primary treatment i .4’1/\4 ...... treseana Ceretestaraainns vessasas
teereiteeteanasnaaenans «ree. (e.g. sedimentation etc)

c) Secondary treatment : . .AQJ'N"*&‘{ :"“4{'-. . .‘f/.“.t.'"-."‘.‘i-f".{. ’"'.’w‘h"".) .

tesvasssssescansee. (e.g. trickling filter, oxidation ditch, ect)
d) Tertiary treatment : ....Ql‘.l."?":'."."."'.":'.

L A R R R O .

.o---lco..o-loiou---.o.ac--.to.lcloo-l-lo.oc.-nlcnot-c-l.-un-ooc-

(e.g. sand filtration, microstrainer, grass p_Iots etc)

------- LU R I O R A R

3. Sludge treatment method(s) 1 S'“J?L. d"a’.""?. bed

cienenas +reeecess. (e.g. aerobic/anaerobic digestion, thickening etc)

4, Sludge dewatering method(s) Sl"‘ dra‘ﬂa]’cd- ciseea
ttdrsesssannn .-. (e.g. drying beds, filter press, centrifuge, etc)

5. Existing total area of the plant : ..........p.'.z.’................. Ha

6. Wagtewaters from what industries ?

mainly & .. /MRS ..’u""?'.".
others ¢ ,......
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Construction cost (excluding land cost) : § .. ...-] T.U?Tf.........
(based on the value of money in 198.2'.)
a. Civil works 1

road works ........00.... %

foundation engineering works ............. 1 Sub-~

buildings (excluding staff quarters) ........ % total ...... %

staff quarters .......... %

others ......o00vvvevene. % ] total

100%
b. Equipment ............... %
Capacity of the plant based on the capital cost in {7) above :
8) 20080, population equivaleat

and
d) .............LﬁZQFZ........... m3/day (average)

in which

cererrseeteciiieieiesess h 18 industrial wastewate-

K SRR AP municipal wastewater ::} Total 1007
Ultimate capacity of the plant .......JEF{??.......... population equivalent
in Year 19 ....., i.e, .......J;fﬂ?.... m3/day (average).

Same a5 (8).

Estiﬁated ultimate ¢t

al construction cost, including capital cost {n (7) 1

$ ceveiiiiierTi..... (based on value of money in 19 .....)

Ultimate Total area : -.-----;;;;)JTTTTTTT----- Ha

Cost that the users of the treatment facilfties have te pay :

$ .......F?.... per m3 (average)

a. The total income can cover 1 r///,/’/
(1) I I- operation/maipténance cost of the slant
(11) l I- constructidn cost of the plant

(111) [::::::]- both Speration/maintenance and construction costs
e total 1incomee 18 even more than what is

[
,////zequired in (111)

b. If the answer of (a) above is (iv), whether or not {t 1includes

cost of sewers construction ? fncluding or |excluding
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11.

12.

13.

14.

Operation and maintenance costs (based on 19 .83.. value of money)

Chemical : $ ................. per month T

Energy r ....;é.ﬁfh.???... per month

Personnel :+ § ......... tesseres per month L Total Not
(including staff, chemist & labourers etc.) SR LR

Repair & unkeeping $ ............... per month

Others : (......... 8 (..o iuuuonn... per month

Cerer ettt aeea)

please specify —

Number of persons asmroclated with the operation on the plant :

Number of executive staff 1

Number of staff in laboratory T":h%ﬂdm -“r‘L PI“"T bot i B““al“L-

Number of technical/operational : ......

LI BN I R R

Number of supporting staff :

(e.g. general clerk, accounts clerks, typist e:z)
Number of labourers t .. 3 ST

Al Shared <iin
tHy +uaw TP

Others : (,.......

R I T

please specify

Average degree of pollution of incoming wagtewaters 1

BODs = ...........................::/mgfl U rqa‘d.,g ey
5.8, = e AL EE TR PP P mg/1 bptaa by

COD = etitiiiiiiiiin e e mg/l f*“ m}

pi = .

-
L R I O R T
P

Major chemicaleg

terbeneaaantarianeee Covnnnnnnnennnnn ppm)

seesesranriiicianees (heiiiiiiiiiiie, ppm)

.

/,

R R R ).

Average degree of pollution of wastewater aftber primary treatment

but before secondary treatment.

BODg = ittt iier it er e mg/1
L T T e
COD ™ o\ttt mg/l
pH = ....................,..:.....

-~

ceereaetiiiiiiiiiens Gonviiiiaiiiiie e, ppm)
B ppm)
///TT.................. Coennnniiiinieae e ppm)
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Major chemicals :




15. Average effluent satandard after secondarx//zfg;tment but before
tertiary treatment 7

-

-~
BODS -----nnc-;-------------c-oc--:‘ﬁg/l

§$.5, = ....-..................;}zfi. mg/1
coD =

e T 172 !

pH I R R T

Major chemicals 1 ..

Cesrtasrsenanessae (oveviiiiiiiinnaes. ppm)
B (D Y

S (R 111 D)

16. Average effluent standard when it is discharge
BODg =

out of the plant

Y 17/

5.8, B Liiiiereriaaeae
cop =
pll T ot edssesamresuenuen

Major chemicals & ...., T...c.uu... S te et eaaeaa ppm)}

T sresarss ppm)

cetessanieeaaseieass (oviieiiiiiienaess. ppm)

17. Distribution of the total plant cost : F{ wis W avarlade
&, Preliminary end primary treatment : ......... % of total cost
b. Secondary treatment 1 ......... % of total costs
c. Tertiary treatment + ......... % of total costs
Note : total cost is the cost shown in Item 7.
7"\1 r,abt' '
18. Average volume of the sludge produced per day :/_/’// net “r““*“T-

untreated t ...eeeeveineen... m3/day; treategfﬁl.............. m3/day

Average percentage of water content of qludﬁe I viesesss. # moisture

(treated)

vvsrssses & moisture

P (untreated)

How is the treated sludge disposed 7

L R N L N I R R R N A A R I I N N R N Y P R R R R E T )
L R R N R R R I R R I R A I R R R I R R N N I N I A I R R R N
L L R R N N L I O R B NI I I A I A B I I A S B B R S I IR BN N S B A A

LU R I B B R R I R R I N I A I A R R A I R A R A B R I N B I B I B R A B I B N B SR A )
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19. Whether or not the gas produced {in sludge treatment is used to

produce energy for use i{n the plant ?

Yes or

If yes,

a. The percentage of the total energy required in the plant from the

BOUTCE, X ™ .,.veees R

b. Whether the energy cost quoted in (11} expresses this (100 - x)% 7

Yes or

If no, how the gas 18 used or disposed 7 ....c.vviivnnnnnnneranans

L R R R R L R I I I I R O I N I N T O

20. Equipments uvaed in the plant [eece Question 7(b)] :

(a) ........ % is iwported (in terms of value)

(b) ...0029, . % 1s locally manufactured {in terms of value)

21. 18 there or will there be any provision for effluent reuse ?

Yes or I No}

If yes, in what way ? ...........

L R R R N I T T T T T Y
L L R I R R R R R I R I R I T I T T A

L N N N N RN N RN N N R R R R R R T

If no, how is the effluent discharged ?

—G=a)

withoutj—~submarine outfall, lemgth of outfall

To : *—1@ seseserares K

To KA’O? FA“‘A onmd Huw 1o LeAb[\

(please specify)

22. Briefly discribe the methods usged in wmonitoring wastewater

discharging to this plant. (e.g. the number of times in a month

taking wastewater samples from a factory, etc.)

L R A R R N N N N N N N R RN

o.co.ot.o--uno-fﬂ?-c-whm

LR N R N N L R N N N N e Y R R R

LA R AR Rl RN R RN NN NN EE R R R LR R E R RN

LI R R R R AN N N R N R R R R R N T Y
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23.

24,

25.

In your opinion, do  you think that this plant 1s
successfully ?

running

Very Fairly Not \/

Successful Successful Successful

What difficulties do you find in operating the treatment plant?

Financial problem or IN__2|
Economical problem 1 or

Social-cultural problem 1 [Yes or [:Ef/
Operational/technical problem : |Ye or fNo]
Environmental problem : Yes or EEQ/

Legislational problem : |f§§] or ﬁﬁi/
Administrational/organisational problem | Ye or

Other problem : Yes or |Nol .

-------- L A I I I R R B S N I

(please briefly describe)

R I O T T T O T T T S

Please elaborste on the problems found in (24) above :
IIIIO L) ﬁ}h-md-m"s‘.&?&.‘."-‘oa l‘..‘lé’-:lm. :":’{f‘#!:'{..O'L.t:a.‘;:‘:é--'......

...N?..«ﬁn.?.s-m.bs..fv.v.-z%..t?..gf\:‘rgt The, , asery .

LN ST I I I ey AL N LR I I R B I N R R B RS )

ooo.--.-o--llnr.'------c.clclnco-'o-.o--o-lac-ooao-cllc.n--o-uo-c--l.

M A R R N R N N N T I e,

Py

(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 {t, if any.
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APPENDLX C.2.3 ~~-~ TALWAN

Nape of Wastewater Plant : ... (\/l"‘ gL“‘ s T g (R i: H‘Z@’.U“*

R R R A B A R R B I T N SR NI SRR

Locatlon 1 M"‘ S"(H &)h{hiunr}-..)..

Detail address 1 ”5‘? M"" (L“""“’Ru“‘( ..... 7?.‘,“ G (.g"

------------

s aisevarsar 1
: §

Name of the person responsible feloo, JFe 50 St (21l d J.. teees

Date of filling this form : .... 0. L5 ... ... i, e .

1. Name of the Consulting Engineer designing this plant 1 Cheratt e,
.?*.’:J.t’.'.f?# f'«d..%f.'."....l?* 1 ‘:*.‘:*3.,...Ff‘.“."._f—...{.‘.".'.'":E..ié":.r.”.":&‘. .Tf\.’{-‘.ﬂ
Address 1 L-:\ 3. TLMJ.L P .{"\ oo, ﬁ .......... e ceanna
..... . AL L N N L B B O B I B R R R B R R B IR I N L R I ) Tel LA L L N I I I B B Y O B N R BN I B

2. Treatment methods used in this plant :

a) Preliminary treatment 1 ""-' S e ('I‘.i.(-..Ef".‘.“."."f‘.t.;... e

ﬁ.".".“.“..""‘h-”" Chasesssaanas ...{e.g. screening, grit removal etc)

b) Primary treatment 1 e Slemtntn o 7k

P N N N N N N R ]

. e

teeasssssessrssssnansannsssnsssssesss (@.g. sedimentation etc)
¢) Secondary treatment : Achvated w“‘{';ﬂ REC T Y“L"“""“”"'

S 3 g8 aeth tuvEae R CHE R I B R R N B I R S RN I B

veetessaserscsassss (e.g, trickling filter, oxidation ditch, ect)
d) Tertiary treatment 1 ....&‘f.’.&..?f‘”’{ Florb

L Ol'tloololou.-looooln

LN NN N E NN NN NN NN NN NI AR NE N I R AR I SR I U B B I A )

(e.g. sand filtration, microstrsiner, grass plots etc)

3. Sludge treatment method(s) 1 .A.".".".L"'f..n.’." Lehian L, TL ckenn o Meckanical

..... (e.g. aerobic/anaerobic digestion, thickening etc)

4. Sludge dewatering method(s) : ....C.'E.I'Z{j:f.“.??.........................

cesseesssssssesssss {@.g. drying beds, filter press, centrifuge, etc)

5. Existing total area of the plant 1

............................ .« Ha
6. Wastewaters from what industries ?
mainly ‘ . 474‘4""‘ ff%..-/'tfi‘rcbmrzf LI K I B B BN ) a8 % & & 0 L I ) a8 o9
Others , LEE I I I RN I R I . 8 . - a0 L] L N ] . L B I BB B LI B L 3
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----------- ¢ 0020

! [ [RX Al . ; A
Construction cost (excluding land cost) 1 § Nr#.‘...(.' AP (.“ff'” )

(based on the value of monmey in 19.‘??.) ( NT$ L oeee pec N RF(’-
a. Civil works : UJ] 'L('“d‘hf [“‘"" clﬁ“r:ﬁf:.f&)l
road works .......0u00n.. % T
foundation engineering works ...... cesena A 4 Sub- _
buildings (excluding staff quarters) ........ % total ...... %
staff quarteres .......... %
others ......cvi0ivvvunn, . R _J Ptotal
1002
b. Equipment ............... %
Capacity of the plant based on the capital cos* in (7) above :
B)  iieiiriierieiete ettt population equivalent
and o Acerated J/m{,rc 2 /2, evo “.%'
d) ..., .1.5.,:4..('.':" ........... w3/day (average) £Ec = 2 5o m’/é.{,
in which

........................ % ia industrial wastewater
........ ...(.9.(."........ % £8 municipal wastewater Total 1007

Saint s (F)

Ultimate capacity of the plant : rewn

++.. population equivalent

in Year 19 ....., f.e. ..cciviiivea.,, m3/day (average).

Estimated ultimate total construction cost, including capital cost in (7) :

$ cteiiieeriiisnernse. (based on value of money in 19 .....)

Ultimate Total area 1@

LR I B R A L T I I R O R S . Ha

Cost that the users of the treatment facilities have to pay 1

$ <veveieniies. per w3 (average)

a. The total ipcome can cover 1

(1) - operation/maintenance cost of the plant fm'”u] Covered
(11) I:l- construction cost of the plant

(111) l:’- both operation/maintenance and construction costs

(iv) [:- the total incowmes 18 even more than what is
required in (111)

b. If the answer of (a) above is (iv), whether or not it/includes

cost of sewers construction ? including or exclyg/ing
\%




11. Operation and maintenance costs (based on 19 ’f’.!'

12.

13.

14.

. value of money) :

Chemical + § ................. per month ] il f[m"r
Energy - ... per month J
,quaoqﬁglzrq,sz:L,«:gJf;{L,.fqu,perQEpneh' ,  Total

(including staff, chemist & labourers etc.) - .f‘:?ﬁﬁ..g/f‘:‘;‘ooo
Repair & unkeeping § ........ ceseces per month fv{\ 112dA .L«c/ua’.‘?.
,ch%?s’f/qa”“'fllﬁ’JSTE";Tle”'Ttﬁ' pex_menth™ Safarie. .
A N D KBE ot NTE [0 cec
please specify - fl\ LA ﬂAcludﬁT

salarieq

Number of persons associated with the operation on the plant
Number of executive staff 1 ......f...... ..... T
Number of aetaff in laboratory : ....:TP ...........
Number of technical/operational : ......?..(.?3ﬁ.%f§%h)
Number of supporting staff t ......:{.... ..... .

(e.g. general clerk, accounts clerks, typist etc) N Total 74
Number of labourers Poveaaes R
Others 1 (......... . creans) cvereea Creenaraa.

please specify 1

Average degree of pollution of incoming wastewaters .

BODS n--n--.-oo----;:’_-.c:—-b-ono---o---- mg/l

-

.Ionno-loo--uoc-u-ooccv--c-cl mg/l

5.5. =
CoD -

R LR T R 74 |

PH -n-ooou.ol-oo-llncoo-l.illl.l.

Major chemicals 1 .......c0vvvvnnnnn.. o, ppm)

M A L R N N R R RO (l.l'.ll."
v

ceveres. ppm)

srereeserensiiiises (Lovniiiiiiiia... ppm)

Average degree of pollution of wastewater aftéer primary treatment

but before secondary treatment.

BODS -!l.'.!'ll!!.[?l?ll.'...!‘!.!. mg/l

S-S. = ......---o-ol?’-?-o.o-o--.couo mg/l ,‘lJA:#).M.J.Vt r’;h‘:—;’.‘j
Stdhimtvntation. ¢ “
cCop = ,.... "J’*v

L A T mg/l

pH ’ll.l.l.III!I..-CIOUCDIIIIOOUO

Major chemfcals t ......0vveinnnnnnn. Goeeevnaniiiiiiis. ppm)

srecressiasiiiiieees (eviiiiiiiiiios. ppm)

LI R N RO R A A (Ill.!ll-.ll..l!ll. ppm)
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15.

16.

l7l

18.

Average effluent standard after secondary treatment but before

tertiary treatment .
BoDg = LSO IR IS(REC) [ ZToteie(AS) . B g Ccerbicl gflasne)

cop = ..... St etetas et ec it iannna . mg/l
pH T e saan

Major chemicals : ......

earseceacrrisenissess (hevnniiiiiiiiaaes. ppm)

A (P teerescanses. ppm)

Average effluent standard when it is discharged out of the plant
BOD5 = vevevennnn. 14

P A seeessea mg/1 .
§.8. M iiiiiiereeniiaan. LA S m:;l. { /?L j“ cibined zﬁ/q"r
COD = vurrn.. e g/l RFC ffluct f_-:: N f?"
pH o R (e'-.[.’ Lec F”[m.\,r Oy ),c,.r '2"-71.
Major chemicals ¢ ...............c.... P ppm) 'ﬁfi( S
.................... Corvviniaiiiinenne. ppm) ﬁVh’ﬂ* )
......... veseeesaess (loviiiiiiiiiea. .. ppm)

a, Preliminary and primary treatment : ........., % of total cost ??

b, Secondary treatment ... % of total costs

A S

c. Tertiary treatme

Note : total/ﬁgp

Average volume of the sludge produced per day :

untreated 1 /00 wl/day, treated (" w3/day

Average percentage of water content of sludge : ...:1gi.. % moisture

(treated)
..?Z;tiii % moisture

.+« % of total costs
is the cost shown in Item 7.

(untreated)

How 18 the treated sludge disposed ?
Ly,fwt/\f & ..‘.".‘1:1‘?.’9..(’:.\5{. i",.

L L LI I R I I A R I R

A A e I T I R R

ocQ..-----l!l!!.o.-olocopl...o--lloll-c-l-u.c--nnnoccl.¢oloooucnnloot
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19, Whether or not the gas produced 1in. sludge treatment 18 used to

produce energy for use ifd the plant ?
Yen or @

If yes,

a. The percentage of the total energy required in the plant
P 4

b. Whether the energy cost quoted in (l1) expresses this (100 - x)% 7

Yes or

If no, how the gas {8 used or disposed ?

from the
source, X ®* ,,..,.

LR R R A R I A R N N A A A A I R B A I R A N N R I I A B U B BN B B I A )

LR R A I A B R B I R R R A N L I I R R I A I A I L

20. Equipments used in the plant [see Question 7(b)] :

(a) .....s . % 18 fmported (in terms of value)

(b) .IDP.. % is locally manufactured (in terms of value)

21. 1Is there or will there be any provision for effluent reuse ?

or No

...'i:rrft.f:':t.v:’?.('.ﬁv{zéé.swf.. leonHe ) s awetd | T e dcene

LR B R I B LR N Y B I I R B B BT B B I R B

...j»ﬁt.*‘.‘?‘.’:“....r%\...ﬁ:?..Sﬁh..C’!Ev...f‘l':k.-..

' ) " ’ -
If yes, in what way 7 .. .’g/.’/.l."'bi.‘.”f. .'f:‘.‘:‘ KEe &fﬁ'.‘. . fe. ki r\) cessns

" A s B 4B P

1f no, how i{s the effluent discharged 17
—
~(e=q]

without——submarine outfall, length of outfall
L U B R L B I km
1z

»znh-{u* .fncm achynled (’.L.’L{E rnul"
L GGERS] ¢ eeveneeeee el

(please specify)

To + — riv

22. Briefly discribe the methods  used in monitoring wastewater

discharging to this plant. (e.g. the number of times i{n a wmonth

taking wastewater samples from a factory, etc.)

L R I R R A N I A A R A A A A O B R R R Y A B I A A R N I A B N N L R B A L R B R B RE I BE N N R N I B BN

.......!M,P,,."}}Q‘*"h’""”‘{ . 4{0 ‘n f{u(t’n.nl tvnsTunde

a s e 980 st s raes st sa s anrenstivsanersnssvsnstasaas

L B B BN BB B B B BN B RE N N NN Y R NI N R I R N R B B RN B B BN R BN BN RN R R O B R BRI N N R N BB BN B B R RN R B B B R BN

LI R R B R N I R A A A S R I B RN A B N RN R B R R B A I I N B A A A A I A N I I B R O B I I B B O B B B N B B B Y



3.

4.

25.

- ---.-j’:’:"o‘l}ml Ie-‘%“c”:"o :—é.'f.’:uu {7\“{’ “kr}“‘gl{ s T

In your opinion, do you think that this plant s
successfully ?

Very ., . F;%y Not
Successful "‘EC Sucdessful Succesaful

Reburnted s ut(f €

running

What difficulties do you find in operating the treatment plant?
Financial problem 1 Yes or @7

Economical problem 1 Yes or [E/ /

Social-cultural problem Yesn or
Operaticnal/technical prcoblem 1 [ﬁ

or [Nol
Environmental problem » or @/

Legislational problem ; Im( or [No]
Administrational/organisational problem 1 !Yea] or

Other problem : or feesiE it sttt

Please elabOtate on the problems found in (24) above :
L N lrL‘ “ » ‘-\C..... ‘o’:,.-”:‘,":‘ h‘e J‘t\l\vr ‘{,C"";"‘“ T 1 ‘-‘t‘(‘( LJ“"{ 2

LRI MCRE B ) LI ) LR LI AL AL AL I I BN B I R R B R RN 'Y

.
LU R B B B B s sssNss s EsE RN

9.53#359:;‘...4{{-'.......ﬂ.e"“”“..é':r.lul ( f‘\. Al

v Legaslaba sl ;:n.'.f.*:w..'.s.. 4«.&.&.*.7. reltact Gu snduspiinl | smifeiars,
h—z:x!'u-«f ,.1.-..,.#-, bvt a? fe ‘it

/r. w1
f

(Thank you very much for your cooperation)

By the way, could you please supply me with a flow diagram of the

plant and an irctroductory brochure/pamphlet of it, if any.
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-------------

(based on the value of money In 19.&Q.) SFﬂa( 2 : Hed 2y il ('?h4”““1)
a. Clvil works
road workB .. ..ivvnvanan A
foundation engineering works ........ caere X . Sub~
buildings (excluding staff quarters) ........ % total .;?8.. %
staff quarters .......... %
others ...ivcuvvennveas e R , total
100%
b. Equipment ........9‘.2.’.... %
Capacity of the plant based on the capital cost in (7) sbove :
&) ..STLL 290,000 L. population equivalent SP-.’Q It2: 505,060 P.E
and
a ...50 ..,...1.?.3./.?.0.?... ..... m3/day (average) Sh-fe!f2= 20k o000 m‘/dm]
in which
............... fﬁQ...... % is industrial wastewater
Caeraresren ....652 ..... 7. is municipal wastewater Total 100%
Ultimate capacity of the plant : ........f%?f?.?ﬁﬂ ..... population equivalent

in Year 199.9..., 1.e. ...275,539.... m3/day (average).

Estimated ultimate total construction ccw!____—__7

yding capital cost in (7) :
$ ciieierieriinsasanss (based on value of in 19 .....)

Ultimate Total area : ..

LR RS B B R B I IR B N N R

S
|8

Cost that the users of the treatment fac: have to _pay 1

$ vieeceenees.. per m3 (average) vy

a. The total income can cover

(1) [::::::]- operation/maintenang
{11) :I- construction co ilant

(111) [::::::]- both operat n/maln/ : and construction costs

incomes even more than what 1is
ired in (111)

of the plant

r of (a) above is (iv) ler or uot it 1includes

co8t

sewers construction ? 1n4 ] or |excluding

S
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).

Construction cost (excluding land coat) s 363 ""‘“""..(..S.kf?f.! “L])

(based on the value of money in 19.&Q.) S*ﬂat 2 ¢ HKd 28 millien ('794'““11)
a. Civil works :
road works ...... R 4
foundation engineering works ............. % Sub-
buildings (excluding staff quarters) ........ % total .;?3.. %
staff quarters ......... N 3
others ....... seenuans cve R ‘ , total
100%
b. Equipment ........9‘.2.'.... %
Capacity of the plant based on the capital cost in (7) sbove :
a) ..5H c:.'..:...z.fl.ou.(’.“?? ........ population equivalent '§4—~TQ 1t2: 505,000 P E
and
d) ....‘S.W..,.f.l?}./.?.o.o......... m3/day (average) Sh_jcrf2= 206 ooo M%(m]
in which
............. .4‘.0 % ie industrial wastewater
trsesaennan ..60 ..... % 18 municipal wastewater Total 1007
Ultimate capacity of the plant : 670 °8%..... population equivalent

in Year 1999..., 1.e. ...275,000

«v.. m3/day (average).

Estimated ultimate total construction cost, including capital cost in (7) :
$ *s 800 su

tecrssesess. (based on value of money in 19 .....)

Ultimate Total area :

Cost that the users of the treatment facilities have to ay

$ teeevverieess per m3 (average)

a. The total income can cover

(1) I:- operation/maintenan

(11) I:]- construction co
(111) I:l- both operat

(iv) |:- the tgtal 4incomes 18 even more than what 1is
ired in (ii1)

cost of the plant
of the plant

n/maintenance and construction costs

b. If the answé€r of (a) above is (iv), whether or not it {includes

cost sewers construction ? jincluding or |excluding
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11.

12.

13.

14,

Operation and maintenance costs (based on 19 84.. value of money)
Chemical 1 § ...5.’4.(3.".]... . per month ]

Energy 1§ 215:4"-,

«+»e.. per month
Personnel : § . 3(’7/ Jal.

++. per month . Total
(including staff, chemist & labourers ete.) = ':”(3 .q.l.oz.gtq
Repair & unkeeping § '4'£’/ 274 per month }u/‘ ot
Others 1 (......... § .c.ournnn, «++. per month (Sh\gt [ Cnrac{h] Dk'j]
D

please specify T

Number of persons associated with the operation on the plant :

Number of executive staff U S ]

Number of ataff in laboratory ] vereasacs 5

Number of technical/operational : .6’ ........

Number of supporting staff 1 .........t{'........

(e.g. general clerk, accounts clerks, typist etc) L Total 91,

Number of labourers ! siacnens '.? ........ T )

Others : (i.onvnnniennnnnnenas ) S (5{7«3( , urac‘kJ
please specify —_l M":})

Average degree of pollution of incoming wastewaters :

BODS aoocu-------0002-5:000--.0-.--.-. mg/l

§.5, = 220

LI L I R R I A I A R R R ) . mg/l

COD ™ tieiriivnnnvornovnannnsnnseess mg/l

.o-o-ol--.-lool-------looon-u

pH =
Major chemicals 1 ....NHs T N 3o

LI BRI R R I B ] (lnoo..tcn--o * s ppm)

O o N 'S

SR A TP S ..........f'l?/!l....ppm)

....(.’f‘l.".".‘.?l':".........‘(.....gf".?..’.‘?/.i.... ppm)

Average degree of pollution of wastewater aftéier primary treatment

but before secondary treatment.

BODS = vvvereneennb®Oiiiiiiiiinn.. ng/l
S.S. -............g?'...............mg/l
COD = tivnrrerrenocnnneneeens ceeee. mg/l
pH T S Cheerens

Major chemicals i cea  NHE SN (2'6"“3/1 ppm)
R s P (.......6.'.4..."22/.‘(... ppm)
.....(’.‘“."3'::.‘1.*......... (......3.‘....“?}(’!.. ppm)




15.

le.

17.

18.

Average effluent standard after secondary

tertiary treatment

BODs = .........t0... 0 M5 L. g/l

$.5. = ..... AR VIS S TR 2 SO mg/1

COD ™ vrrrrvnvennnennnes Ceeeeana. ng/1

pH LI veenaa .ﬁ}& ceiaeeen .o

Major chemicals 1 LG NHs N L .!.
..... ey Wati U GUR /3
CChlenide Ll .

BODS = euuenn.. oL met

.85, m vreie S BN mell

COD  ® tevrrrrererenennennans Ceeanes mg/1

pH e T R T

Major chemicals 1 ...... P?HI.T.ﬁJ ....... Covenn
...... 25 T U GO
.....9!1.?9&4%.. G

Distribution of the total plant cost

treatment

...........

but

before

a. Preliminary and primary treatment 1 ......... %2 of total cost

b. Secondary treatment 1 ......... % of total costs

c. Tertiary treatment : ....+.... % Of total costs

Note 1 total cost is the cost shown in Item 7.

Average volume of the sludge produced per day

treated i Bt dsestin 1 03/4ay d
untreated i éfz;]?;h S /day, . treate

Average perc ntaé:'of water content of sludge :

How 18 the treated sludge disposed ?
Pelivered, by brucki o To Shuen Wi

[ Y CRE NI B B

LR BN B I B B B R N B B B N I B B ]

LEE R R LI A B B R I I B N B R I SR B A B I AN B LR I S B A )

1
I 4SO w3 /day
¢ ...82... % moisture
(treated)
:...?51.. % moisture

{untreated)

s s a2 s u e

4 4 ase 000N



19. Whether or not the gas produced 1in seludge treatment {8 used to

produce energy for use in the plant 7

Yes V or

If yes,
a. The percentage of the total energy required in the plant from the
source, x = LS00,

b. Whether the energy cost quoted in (11) expresses this (100 - x)% ?

G or [l

If no, how the gas is used or disposed ?

49 88 % RSP RN U TS AR IR IS I A e

LA R I I A A N I I B B D I I O O RN N B B B B BN AL R B R R R A I A A R N N N N N R

20. Equipments used in the plant [see Quention 7(b)] 1
(a) ...09%.. % 1s imported (in terms of value)
(b) ........ % 18 locally manufactured (in terms of value)
21. Is there or will there be any provision for effluent reuge ?
Yes or N
If yes, 1n what way 7 .uuuueiennrinennranorssnsnassnssnonasnnsas N

If no, how is the effluent discharged ?

without}—t—submarine outfall, length of outfall

i
TO: “—@ T s e s e e km

(please specify)

22. Briefly discribe the methods used in wmonitoring wastewater

discharging to this plant. (e.g. the number of times 4in a wmonth

taking wastewater samples from a factory, etc.)

L R A B A LR R I I A I A I B B A S A N BN I B R I O B R I ) L R R N R R R R R N A N N ]

whbrd st souren CM-"Vlhf‘l?.

L R N R R RN N N NN NN NN NN RSN RN ERN NN NI N NI IR R R R RSN ]

LRI I R I O B B R L N BN NS B B O BN B B R N BN BN BN RN I B L I N A I R I N B B D N N O B R B BTN NN BN B NURE B RN BN B B RN

LI R R S R N R A A N B A B A B A A A A A S A R B R IR N R R O BN B I I R

3i6



23. In your opinion, do you think that this plant 18
successfully ?

Very \// Fairly ‘ Not
Successful Successful Successful

24, What difficulties do you find in operating the treatment plant?

running

Financial problem Yes or N

Economical problem : Yes or

Social-cultural problem : [Yes or [EEY/
Operational/technical p:oblem : Eﬁai/ or [No]
Environmental problem 1 Tesn or

Legislationel problem : Yes or - Eﬁg’

Administrational/organjsational problem 1 Yes or E}z/
[Yed!

Other prOblem 1 Or [0 cr e s aans s e s e S v s et s

- Qasshres ks, .f:w‘.f.‘. Hfushis opEas LE A-.a.-..f’wf T, JM [REVIILY

25. Please elaborate on the problems found in (24) above :

NN N RN N RN NI A I A I S BRI SR R I B A S B B A BN B AN B B R BT I AT B B N R B BN BN B R B Y S B I Y )

LI I A A A A A N A I I A AR R I B A B A B I LB LA Y

* 9 8 saas S S EsE P E LS T RTINS

LR R N N N N NN NN RN N N E N R NN R NEESE RN

(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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APPENDLX €.3.1 —=- MALAYSIA

Interviewing Questionnaire

o . -
Detail address : ..t!%ﬁ%i?};..f?.%l;J...?ﬂ?l%ﬂf)@: ........... Ceeeireenneen
a8 & @ 5w ¢ & a3 . LI .. L . e * LN + » - e & Tel' . "a e >0 8
Name of responsible person 1 khu]ﬂ;!@?)?ﬁfﬁfi{}?;... Rank 1 Slant, Mlansae .
............. .I...‘.l.lll.Il.r‘!""lalk:":?‘}ll:r'b\n.nl.!l.ll.ll...'lllct‘frr\t’.l.lli
1. Name and address of the Consulting Engineer designing this plant :
L] c’?a:ln;'{ "'-:} .'Slc{l;st(*l 'I.“.c %. {ﬂ.ﬁ"‘!ygl-i\. II'..‘I !'l."nl&‘.°.h:\{ ‘cfthé‘t‘:ﬂ LI | ldh. 'l .5- ld. -Q L3N I B
Is it a local or a foreign firm? ...f?f%%fﬁr{zgi9?4..... “es .
2, Treatment methods used in this plant
a. Preliminary treatment t ....syrvﬁbfvj.. ........... ceuserann sevne
b. Primary treatment N L E DAY R LA, JERRTELIAR TR
c¢. Secondary treatment s....jff:.?3?}Jﬁ&ﬁ.f?.{?ﬂ.ﬂ.fﬁ.ﬁ%ﬁ??...
d. Tertiary treatment ! 4rsasssvessesenssnaseanteena RN cenes
e. Sludge treatment P LTI R R T E T
f. Vol., of dry sludge produced : ...... it e «vrs m” per day

g. Sludge disposal T cesanraans S
3. Site area of the plant

a. Present ..............f%....

b. Ultimate ....Ankvr0r .. ... Ha

. £ - -
) gat;::o;ra;;;e. Flat [and | a2 LWl 2a wovk 13 fuvsleed e Lon shaehin

CRC I S ) LI R B R R N B

b. Proximity to sludge disposal facility : .JgFJ“%k.¥ﬁ%Uibr:‘ ed

5. Strength of Influent IOK
8. BOD5 eeveeevasancnscrsnntoesiessanenses mg/l
b. 5.5 seeveceseecensoeseiblianiiecnonnse. mg/l
c. pH

teesenenessreasserdi@iiiiinnananne

N, - N

Hajor chemicala s 2 0 % A A E A b PR S (...-....-%f{."}.'..... ppm) \

....p."a.'..'.\’........ (veeeesnetdiodloeea.. ppm)

.o tevesnnsnaes (evvsnsocanasssnscane ppm)

EEEE R I RN AR (ll--.o-o.o-l--oc---- ppm)

6. Effluent quality 11

Major chemicals ven. NHp N

TR I N ]

Gy o

QA
SN 61 Wt AP
(

cesecsvess ppm)
vesseses ppm)
CEE R R I R IR A BRI I A N B pm)

e s s s tade s e R TdAEe Ay

MR EE RIS N R N

-~
L]
.
.
L]
-l
©
B
Nt

1s the effluent quality up to the required standard ? ‘#@?

Y T R R E R R R R e o I L B B O A A A A B

R R R TR B B B O )

7. How frequent and by what method (grab or composite etc) were the
samples of (5) & (6) above collected 7 ..uvueuiiusrenpyoanaasanyenes

rveeeea Gk sam :'..ﬁk(m..?'."S-i..?f..{wif.t...‘ﬂﬂua,r.:"t’.‘%.
fh g 1 ‘h\uru'\j .




B. Capacity of treatment of the plant 1 ..SRQ?T{. population equivalent
(present) {?Um kAVHA

......... population equivalent
(ultimate)
9. Name and address gf the Contractor who constructed this plant [
Sariken, Grosp, g 37, Whisma. Seriy ﬁ%!e-: Lovguan, gilzee | Kb I“’""\ilm
71( : 1?0‘4; L. . 4(
Is it a local or a foreign contractor 7 ....... DA P
10. Cost of construction (excluding land cost) 1 po _
a. In local currency Civil works 8.2, ?..r(ﬂff{...
M & E works (.‘1"" £ (.f‘:‘."'.".“.f“ AL E)
b. In foreign currency Civil worke : ......... oK ian e sanann
M &E works : ...... T e ’
11. What is your opinion on the local skill for conatruction T et
cCopu et e d, highty ebilled “"“: . ff.vt o b aegorines s Qe kers.
e Y benibd .h. b, sorpporige e aedlvd, bl handara | |
12. Cost of operation and maintenance
8. Tn local currency I tteveeenstsnnansesansssnnsssns

b. In foreign currency :

------------------------------

12, What is your opinion on the local skill for operation and
maintenance ?

a. professional level 1 .’I:‘[‘l..f.”."i".\':‘{.ft‘.‘{. .3.“"{/.’“( /”" .-‘"‘“"‘J’ Lmiked

. as 1)

L leading | sefenantianad, | f“!'“m) BT - fakle .

b. technical levelﬁl 72\:9:?351‘ ....2.!%% ke, %?1‘ “dé;“hﬁrt....
AArLpertt , AL P AR IS e, polyles hsdd

m—i h-'-/l-vt L2 st "mwgvcr?n f ?
14, Are materiala and cowponenta readily available locally

for
operation and maintenance ? e

L R R B A A R I A I SRR N B B R AR R I

15. Name(s) of the local administration which support(s) the treatment
plants' operation t ....cv0cvcenss

LI R R A I I R A A R I A I I Y B I Y S I BN I

ZIZIZCZ""r?"Hr\L( (F'écli{ééi"i}i%wj..q'ﬁ'L")"IZIZIIIIZZIZII

R ae e s .. . . LY LR I N L N I I B

16. Do you consider the set-upa in (15) above are appropriate and

efficien; T pevee . cepeeane Ceesteeeneanaans R AR R
ceven oo e oeed bl e aepe, v b o L bTE et fuand
. R s 12 et J&wavr.'}“ A SRAY SN LT ’*Yﬁ‘...?.f Ay 7&., I;’pﬂmj) :

17. Power source for operating the plant
a. Capacity of power req'd : ........... Ceeeeraanaes Getrreanaaarrens

It is readily available ? ....4 7.
b. Is the power supply reliable ? e

18. Training of local people
a. How is the situation of training professionals in the country ?

'.:f:?}?i:lﬂé-;"él;f::::.ﬁm-.:.::H::é}f}:‘:" "{'3'°5'3-3"-'f'1;5'ri°.'.:'.:Cp}'.:::
’ ot:bo .-‘*‘-“.V"Q“““‘?* . {" I"'H\'} . ‘r- n‘ ‘L’\‘RI ..,l.l.. ‘e “ser e
ovrtnsens Ldwerhbe h-‘? j r 7 i‘
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b. How is the efituation of trainin i{technicianu in the country ?
Se»gu- [ Fgciul et 'M.p.u Guntfuctie ol f‘-u,(..,t % 4 r{\,_

MU-? (":‘.':'.':f. 5. -"“LWM """"

---------------------- R R R R A R R R R R e R L R R )

L R A “« s wa Sesl s sosovsesan s ¥ er o0 eq st sogdoeona LR R R RN BRI R B I

19. Soical cultural factors

a. Is there any religious factors that affect the hygiene
practices and rechnology choice in the country ?

"35'{\5-«'}":ééé::-}‘}‘f:‘;i::rk:limé it At et here. pngThig
Lhods with: th—rvl‘.l:..m«twrf...

* %t e no s e s LR A A A A A ]

b. Are the people willing and enthueiastic to improve the existing
hygienic facilicies ?

20. Soical ethics
a8, What 18 the eneral attitude of iipl responsibility of the

people 17 h.ﬂ%%:l.. ..;..927?....2... :1”‘r1A My ds | can

---------------

-------------------

b. How are the profeasionals committed to their jobs 7 .....
- c°“h h\{ ;.0-. DL" .Jf'.. :j c ﬂ&l\ P‘L ﬁ Kt-r“rl.?l ./
-.44‘3':?.{7"‘-}&.,.-% -/ﬁ f‘-‘ w‘fa-.l CRCRURE S B RE R N U )

¢. How are the technical ztaff and ,eupporting ataff co tted to
their joba ? .:ghfi-.....Q 2
ooe‘:u!{-“{;n-' fu”” Mw *

we
...m.rﬂ...numsret
‘,,.nLA ,L

'.““ (-n?“t Ill. I. I.

.l%é’.'l.rquﬁ} a8 % 8 s ".\q’ ‘7“.-‘:\-#:““{'}:"‘t¢¢----
21. Climate 31
a. Average monthly maximum temperature : ..,...7. o¢
Month(s) having such te Erature t .. oL, F’ )UPY!H SR
Average humidity : ....3? 1 Y 4

b. Average monthly minimum temperature : ... .%1:{l... o¢

Month(e) having such temperature : ...... 34u«.r?..ﬂr:&4.
Average humidity 1 R { S A

1.

cesen ... months,

fro:n...../?".‘.‘“;'"... 7}~}

d. Intjfsity an dTration of sunghine ln a year

vavge, .4 sishirt, . doorrs . 6 %00, B /‘(“j

22, Endemic local diseases
a. Malaria, filariasis, yellow fever 1 ..Ltb4€t..???f?€€. ves
b. Human round worm and hook worm, figh-borne parasfities 1 Hades, conhet
c. Infectious hepatitis, diarrhoeal diseases o lsragmnd L,
d. Cholera, typhoid, bilharzia ..r41t4+=.J%Q1€tﬁL

c. Length of dry season : ....

--------
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Capacity of treatment of the plant .§;fiff.. population equivalent
(present)

29°.. population equivalent
(ultimate)

Name and address of the Contractor who constructed this plant :

Ie it & local or a foreign contractor 7

Cost of comstruction (excluding land cost)

a. In local currency Civil works
M & E works
b. In foreign currency Civil works
M & E works

What is your opinion on the local akill for construction ?

..... Lacad, Skl can ke goed .. G *-3 1. s . Iazc Aaplndo, on L
N R TN e ISR Y mﬂ' M LS L S i ﬂ!‘.f Verreaeaaans
Cost of operation and mailntenance e fnwt i ST i gplaba.
a. In local currency ] otiennnanas AT e e .ﬁ .........
b. In foreign currency : ....... e e et

What is your opinion on the local ekill for operation and
maintenance ?

8. professional level '3"* '\M( ""'f}@a“‘l ‘(°"“ 'Q‘ TR,
Sk, d..’w‘..'tnma.w-.. Rfiea .. AR, met, vﬂw*q c»-fpw %+
o Mnanct |

b. technical level : ./ J poprebussive, ‘“"”fu‘f Sulopy b fro,
-Mon‘-‘é‘-{-} '}‘-“""h”c‘ n"u%o

.L.rﬂy«« tr. lonk o, e onppd] ....rpw‘-hawﬁ

Are materials and components readily available locally for
operation and maintenance ? f?ﬂo; gl‘ {-ﬂ.ff@"‘-r‘l"‘? <. ‘.°f.".'{‘{" cared

Name(s) of the local administration which support(s) the treatment
plants’ operation 1_.....

..... Lublze, Hﬂ!'ﬁ..—?mvn;..f»f? M, g LT

Do you consider the set-ups in (15) above are appropriate and
effici nt L

U LSRR N NURIYWIPY WA Py A :;':*:‘;":"-:‘1". ot ples (P10
..... V Tk It Mfm- brabin, Al o

Power source for operating the plant
a. Capacity of power req'd : ....

It is readily available 7?7 ...... ‘%k? ...................... Ceeeanns
b. Is the power supply reliable ? . .-.ﬁ?&«. ...................... e
Training of local people

a. How 1ig the aituation of training professionals in the country ?

{aniy. . pepd.  acedicie, tonining s ppided | et F’th(.....
...Mr‘h"‘.‘ ..:&.me‘.“.r:'«‘é—.w Asf r?ﬂ’ ofwné-y..It........ .




b. How {8 the situation of training technicians in the coun

&Ghm“ﬂv\m spreds | foor, W":./ (Aback frepert:
...N;h. a.mu7 r:f(.i 99, Lrvnt, uT,w-m.”.)..’f...ﬂf

. A
....T.‘utus-e-r- T A R I "-‘fv- tﬂa -«rf#r.. L,

CRERE N I L R R R T I T R Y I ]

c. How 1is the situati{on of training supporting professions in the
country 7

..I..ll.ch}.ocltcllcoolﬁiﬁt LR R R R R N B R A A I I O U B ]

...........‘."l‘h'-.‘....'........4-"!‘.’“‘"“- 0¥, Grmpariien

CRC AN BN SR S s s s e

Q&#«Mhﬁfu‘ ..CH-r'.!.‘..C.*r..C:':r.r.‘}.wvr....

ce o NRORL GO e Thyot, forprve

-.---uu-o-oc---o

19. Soical cultural factors

a. Is there any religicus factors that affect the hygliene
practices and technology choice in the country 7 ... viviieananns

L R R R R R O L R I N I R R I B N B R e N N L A R B A I B I A A SR A A A N ]

L R R A IR I B T R R A A R I R R N LA T T R A I O I R I S

L R R R L R N R I R I B R R I A A B R R I B R e N R R I B O B R R I R A I A N I N R R A

b. Are the people willing and enthusiastic to {mprove the existing
hyglenic facilities ? ..
Ov‘r,ﬁ'b‘u- of . 7} et off e, er.v.‘..%mtkvm:rt....
R 11 rwp Wy dre, vt

L R R M IR I R B A A ]

L N N R )

P B N S R I L R R R A I A R )

20. Soical ethics

a. What {s the general attitude of social responsibility of the
people IR O TR .“.“?..‘ﬂﬂﬁ"“"" T ket ferabur "Ufj
f’f.t_f':‘QL At by ko, bl 7t ard lde v .r'm*u.c‘ it

L R R

b. How are the professionals committed to their jobes ? ............
B TN £ L I TRt 7 AR s S N T e e TL
..A-:-.».,t,.;r..w.m..f»mm.wm.....~+ f%ﬁ-f/....... g

c. How are the technical staff and supporting staff committed to
thelr JObB 7 ouivuiierucecarsoannrosaancosscccrasnansnertsnsesrassns
D S S L DR . 9 I

*"s’s i 5 ¢4 B s e P P s r e TR s c st s e st st e N AR EE S

L I R A R R R R R I A I A B R R R R R R I R N R R RN SRR R B A B

21. Climate 35
a. Average monthly maximum temperature :

Month(e) having such temperature 1 ....[Mewch, and,, ATPA........
Average humidity 1 o-oooou-...---%
7_/
b. Average monthly minimum temperature : ......"f...... °c

Month{(e) having such temperature 1 . Jb.f.lna PANgL e
Average humidity : ..............%

c. Length of dry season 1 6 months,

from .....N.’."....... to ... .Mt

LI B R AN B |

d. Inteneity and duration of sunshine in a year . r'f‘-k" AR

LI I R R R R T RN R R T I B S I Y R B I I IR T IR B R I TR T I B R I R R B I L

22. Endemic local diseases “ A.l,‘
a. Malaria, filariasis, yellow fever : "‘ Lo

R A N R R B I B A R BN B RN

b. Human round worm and hook worm, fish-borne parasities 1 ".‘°.".":‘IAJJ AL nows
¢. Infectious hepatitis, diarrhoeal diseases ...\ t{ih}. Jr'(e. e v«. M alio,
d. Cholera, typhoid, bilharzia .. cnder, ot
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LPPENDIX C€.3.3 —~ TAIWAN

interviewing Questionnaire

r"’].-& .S’\r.’n STf ( E‘(i:’

Xame of Wastewater Treatment Plant

‘-\\
—
T+
P
N

Detail addresa : - {{‘?-:}I L] ﬁ'z‘l‘t. : I(Il;‘ILtlel‘ 'LIC}E .tl lf-f‘f‘!{l .A" LN ] I-T:(:"’f_g .‘ L DL L 5. L]
- e # PN 4 4 3 4 ¥ 4 4 S 4 R AR AR FA s ES LI I I B IR I I B I L ] Tel ' (01) 7{25?1.3
Xame of responaible person : . {Ll.' ce .E'. 2 S .l‘.‘.. ...... Rank 1+ .. .E.‘.‘:?’ wEen

ooooo R EEE RN I NI B AR R B R I BN A B A

1. Name and addreas of the Consulting Englneer des,igrin this plant
» 8 I\‘zq‘ld.el‘rf( _y‘f'w’ “.7. .D"g }. t"‘i‘.’ -9 f‘l‘ - lt.‘ ‘ Je %L‘J {F"\"l l/ . Iﬂ‘ '}’c‘

Is it a local or a foreign firm? ..../.c‘- ...d“‘fr\‘!’“‘“’f.........

-----

2. Treatment methods used in this plant
a. Preliminary treatment : .. é’)‘.‘ RIOCIE S3 SR L AN .‘.l.“.“.“.‘.l‘ LSeuay Y
b. Primary treatment e Leotdinetnfie, .*:’E. crsseseseraane cren
c¢. Secondary treatment e ‘45 Fonted, sludre (L0 S a .}’:'M( K‘Z‘E".’:‘f‘“""*
d. Tertiary treatment . Rl sgged, ./.f'!‘}':‘.""’

e. Sludge treatment t Al y" Fhe 4o LKy *y. ecbanged dionre ;
f. Vol. of dry sludge produced 1 .......

a e re ¢ .“...‘.} per day
g. Sludge disposal 1 .....)....“.‘.‘J L. ‘:‘r.‘f’.".‘:}...“. oo,

3. Site area of the plaﬁt ‘. .
a. Present ..eeevecneonn S AN Ha Feo (FEC e find ('{""/‘h " '“/":{

1 3
b. Ultimate .ovveeceeeofiaZbinnnn. Ha grovd piloeri. "‘l"‘"") Pobee

.Llcl-d'-'--r € Civmen fr\t:/rrh.{.» .
4, Nature of site . A
a. Topography : .. .’.":t: LSO /5".‘*:/.". i .'l"f".‘. SIA I."‘:‘. .r. oL ckopnd &

b. Proximity to sludge disposal facility : .. 2.&n. frve, fia fanT, s ot £ 458

5. Strength of Influent -
n. BODS ..ll.'.l.rl.ll.‘...ll;’.?-“) LI I I m8/1

Be SeS¢ cecsvecnconaas I

B ees mgll
c. pH ............Z..".'“..‘g

(tevesencaoisenscsass ppm) b
(.................... ppm)
(
(

Major chemicals ..... J;f.zd.(a...

P £ )

6. Effluent quality (LEC c-..l'7 )

a. BODS LI I I B B R B R BN R ) '.!?..Q:‘.'{S.-.‘.. mg/( (t{\-\‘ t‘(’h-\lﬂ h-t‘h,‘(_r
Do 8.8. veveneosasnnnesennaso b8 ERII L mglt .
c. pH  cievinnnnns S S Ceeeaees rt» ‘j/t of T 7

btabg Ir

Major chemicals ....cecoeessanranee (ovnaioasT o, teessess ppm)

LRC O R R R R B N R B R R ) (-/.,o’ooocooonnuo-----o ppm)
IIIIII .llll..ll.ll""(’I.II........I....... ppm)

............7,4(.. (evvennnnnnananss ce.. ppm)

Y]
la the effluent quality up to the required standard ? .4[]&"

R RN I A A A A A A A A A I B I I N A A I L R N AN RN R

7. How frequent and by what method (grab or compoa:lte etﬁ) wvere _the
samples of (5) & (6) above collected 7 ....PRE , AYG am .

BRI 7Y ..!9:.{ 0080, A flaat, reiet, dnlarpedel fl"“" 944 . -’4.~1.':f.jm'~’f-

(C""f"'“ Hu[h-.. At takea Ay f.ur '}u\ f‘ cruhn— bt & rner du
et Larens ru-.f-

o)
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10.

11.

12.

13.

14.

15.

16.

17.

Ae onted wa‘fc : /fieec ,..’/‘{n./ (present)

. . . . v ae5i popilad ion-equtlvalent
kecC 2 tuos :-r/th.j (.utfim(’%o

Name and add}-ess of thg ntract r who constructed this plant
e praled, ; iy } T

g beale il o,iﬁ’“* A3 SURUERERERE

Ise it a lo foreign contractor ?"\” /°.C.‘=~-(

Cost of construction (excluding land cost) .
a. In local currency Civil works f.NTﬁ*’. 189,080,009
: M & E works 1

b. In foreign currency Civil works 1 ...4/"./{...
M &E works : ... k.

What 18 your opinion on the local skill for construction ? .........

e Vit 3,’@&

LR B N R AN R R R I R I I I R R B I A R A A N A N L] LI R R R R N N N

LR N N L R I A B I I I R R R A I R R A A A A R R R R B R I I O RN B B A B RO B SR I NI I

Cost of operation and maintenance 4
a. In local currency 3 ”T’H* R)OOL vee r‘— ey, dxclu 1 salare.

b. In foreign currency 1 . JHN{. .....................

What is  your opinion on the local s8kill for operation and
maintenance ?

a. profeseional level : 3"-’“’(.

LRI SRR N N R R N A I

LRI I IR N B LU R R A R N R N A N A N A I

b. technicrl level 1 . ”'l} d?.... ces P‘{J“*’ Eﬁfﬁ..ﬁ?ﬁf&:??f:
rml .

Are materiale and components readily avallable locally for
operation and maintenance 7 ....V

""‘cln.-nlnv!un.-.o- LR R R N N N N NN NN

s a v s e asd e b eesse s den st deesg

Name(s) of the local administration which support(s) the treatment
planta operation ' *# % 2 8 90 8 & da B et E e e EE SRR an
R VTS R YIRS - SO c O o o

AL BRI B N B B R B B O I B B B BT B BN BN BE R B AL B S B R B N BT B B DY I B I NI I N BN B Y R BN L B RN N N B

S 4 FE e
LRI B LR A SR B R BN R B I N N A Y
S s s s g =easse

. .
R I I R R N N N B R I A A A B I A R R R R B N I R R R S R R R R B A

Do you consider the set-ups in (15) above are appropriate and
effit:ient? et e erapoeren T ATvehars
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Power source for operating the pl ot
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a. Capacity of power req'd : ....Q £.00P ‘”/“‘"r‘ [N 't:a_t:n,(. (J'rf’.vf”.}fl:‘ . ?:’CL.;
It is readily available 7 .:t. -
b. Is the power supply reliable’? #H. cresnaeas h’*""“'r)

Training of local people
a. How is the gituation of training professionals in the country ?
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19.

20.

21.

22,

How 1s the situation of training technicians in the country ?
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c. How 18 the situation of training supporting professions in the
country 1
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Soical cultural factors

a. Is there any religious factors that affect the hygiene
practices and technology choice in the country ?
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b. Are the opeople willing and enthuaiastic to fwprove the existing
hygienic facilitiee ? ..........

”““’Cr.&;.;}:«l;;[\ xo :. ..... ..:::...:.. .......... .‘:........

Soical ethics

a. What ig the general attitude of socfal responsibility of the
people 7 .........
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b. How are the professionals committed to their jobs ? 6;001(
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c¢. How are the technical staff and supporting staff committed to
their jobs ? ety L R LA AL R ELEE
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Climate
a. Average monthly maximum temperature : ....... ..

Month{a) having such tempqgatura ' .......3143”~.ﬂh7%‘?'........
Average humidity 1 .......71% ....%

b. Average monthly minimum tempersature : IS—.... oc

Month(s) having such temperature : ... r..r? ....?Lrﬁﬂfj e
Average humidity : ...... 59 yA

Sunh é
c. Length of dry season : ....0iv0vvese.&eves... months,
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from.......{“:"f‘.}... to . & fofer
A
d. Intensity and duration of sunehine in a year : .4lghd -t\.fff?é$~
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Endemic local diseases 41@
a. Malaria, filariasis, yellow fever 1 ....cciivencannscass srsae
b. Human round worm and hook worm, fish-borne parasities ““F“‘“””
c. Infectioua hepatitis, diarrhoeal disa{aes A A S 52

d. Cholera, typhoi{d, bilharzta ........
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APPENDIX C.3.4 --- HONG KONG

Interviewing Questionnaire

Name of Wastewater Treatment Plant : . SLM"{—”‘ sTP

----------------------------------

L I I O T )

Detail address : ’\/ll'skﬁ K""d ‘Sl"“.t“l.NT "1
.l...l...l‘ llllll ..l.l.'.. '.....I..'.‘.....'.I'.. Tel ' ..'.. - -‘331;

Name of responsible person : N]r‘Dmf'ch'."J“ . Rank .H?:\,:(”{"]:u:a.ag_r
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1. Name and address of the Consulting Engineer deaigning this plant

..N.....H.ﬂ”di*j fiin . .50, P“:\....JM./..K%seu.h“}.Ee*:}........

2. Treatment methods used in this plant A
a. Preliminary treatment 1 ..o§! .".‘."9.1. arit, meveds | ceaneas
b. Primary treatment v L frimean ﬁekwr"“‘“‘ "““&f ceaeas
¢. Secondary treatment : Achw ‘K ‘fr"'a‘. C  teteetati bt enaenaa
d. Tertiary treatment 1 Teecnesan

e. Sludge treatment 1 ﬂ?‘....""r Q%t ‘mf."‘*i\"'wl. o .’zxf""“’
f. Vol. of dry eludge produced 1 .

g. Sludge disposal ?ILYW. Lc)ﬁ“'\ﬁ“‘j I"“\j;*

3. Site area of the plant 6
a. Present ......i0v0e.? C e s sasness Ha
b. Ultimate ....,.....

4. Nature of site
a. Topography : .. Kﬂ.lmmti lm«& E].‘x

b. Proximity to sludge dispoeal facil ty 1 ..'.2'..|‘.".‘..7(."°":“. .%.rl“.”f...
5. Strength of Influent -
a. BODg .. ese

M I T S IIIS/L
b ss- cnnnunno--.-oon---?'l'l:b-o-nllo.onooo mall
C. PH Il.ll..ll.-l...l.ll7 l

LR IR B B I A R I R N Y
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Major chemicals .Mmmenia, mibo W Gvvnna 2800l ppm) )
I.oiq?n...tll .ch .... .‘...I.--.,.o..‘...i.I ppm)
C

(
(

el S (........3........... ppm)
(..

L L B 2L B I B B RO R R S . LA A I L N R N ) ppm)

6. Effluent quality
a. BODS ....cn-‘.-c-¢-!91:\:n-‘-5: ----------- mg/(

b. S.5. «iiiiiiinn..
C. pH ou.o-n-ou-.-coo--s;gnl

-----------

Major chemicala .J‘}v.-"--“‘.* it

LI Sy S G S . ppm)
O S B T X ST Y (R s S ppm)
s hlorids . LV (.. 320........ . ppm)
tereraansa et ene. Covvnnn Creietaanaaane ppm)

Is the effluent quality up to the required standard ?
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7. How frequent and by what method (grab or composite etc) were the
aamplea of (5) & (6) above collected 7 ..Cem rq .f“r;f(*':‘&
LI ‘hl- '..ll.ll....I'..l..‘l.'.. I.'...'IIIII‘.I'...'.I...'.



10.

11.

12,

13.

14.

15.

16.

17.

18.

Capacity of treatment of the plant 1 205,292 population equivalent
(present)

£.16,.%229. population equivalent
(uitimate)

Name and address of the Contractor who constructed thie plant 1

...... Aok i  Camshmehn, Go L.

Cost of construction {excluding land cost)
a. In local currency Civil works 1 HES 400 “T!h?l.(“rf"* )
M & E works @ ......”‘

e s ssssresss s

b. In foreign currency Civil works R TPASCESRARRETT, ......
M & E works : .HK8.309 ’h"l""‘*

...... Lappe=-)
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Cost of operation and maintenance

a. In local curremcy 1 ..HE& A19.209, .r'{‘. Aonthy

b. In foreign currency 1 .

What i{s your opinion on the local skill for operation and
maintenance ?

a. professional level : ...N&r?..?&vé...............
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b. technical level 1 ......M’Q'ﬁ‘}..?@“

T4 8 8 R S AN % S B LA R H SN SETE S

lll-I.‘lll...lllll.'ll...lllllIll..llll...lll.I...ll.!'I'..l'l'l.

Are materials and components readily available locally for
operation and maintenance ? ....%?&4......

" @ BB E S SN E A S B SN PN EES

Name(s) of the local administration which support(s) the treatment
plants operation ' ....l...l"...'..l..'..-.I...'...-.'I..‘-..lll.l

L Elechiads B Meshaniead, Servias, Reprrint oo ieniiiiiiiiens
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Do you consider the set-ups in (15) above are appropriate and
efficient? 5B e P 4N S I...ll.ll..'.lIll...llll.ll'.-
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Power source for operating the plant
a. Capacity of power req'd : ...
It is readily available 7 .

b. Is the power supply reliable ;ﬂ£0 ﬁ?&#

2 46 H B ER T RS S S ES S AA RIS

Training of local people
a. How is the situation of training profeseionale in the country ?
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b. How is the situation of training technicians in the country ?

¢c. How 18 the

19. Soical cultural factors

a. Is there any religious factors that affect the hygiene
practices and technology chofce in the country 7 ......
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20. Soical ethics
a. What i{s the general attitude of soclal responsibility of the

PEOPLE 7 it uuiie it nttne et onaonssanssasasasstotnarnonnsnansnas
e =i rod ..., e, L indastrialints, Mak-\r{.{. illeasll ]
w{r}t‘rﬂ..«jm m‘?f.v..*b..rul»':’c..mw...- ........ 0 ......

b. How are the professionale committed to their jobs 7 ...
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¢. How are the technical ataff and supporting staff committed to
their jobs 7 ....cvvrroqecnnncnsnnvvenssanas “ae
.......Y{r‘;.ﬂevd..w..kf Cleshoviean, leba L
.......ani-:lj.. 1ed. 2%, lakourte,  loved
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21. Climate

a. Average monthly maximum temperature : ..... %?...... °c
Month(s) having such tempgrature .-...9&J3..TT:.$§PI:............
Average humidity : ......J1%.....%
b. Average monthly minimum temperature : .-...!?...... oc
Month{s) having such temperature : coaPre LT B cerean
Average humidity s+ ...... 4Q......%
c. Length of dry Begson t ....cveeiiveelisienenans .. months,
from ...... N."."C..... to F‘Elf....

................ ....“!Lw"j..'{‘z..ht.qwhf:.

22. Endemic local diseases LdLA
a. Malaria, filarlasis, yellow fever 1 ....

b. Human round worm and hook worm, fish-borne parasities : Os s ionad L“'“:EC
c. Infectious hepatitis, diarrhoeal diseases ves Ocenstomat . Cow

------------ +

d. Cholera, typhoid, bilharzia LA
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