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Recovery of Energy, Fertilizer and Water from strong organic
wastes t y the Anox Process
D. Evers, Managing Director, D. Evers Associates, UK

Denver, Colorado: Case History of the Development of a Water
System in a semi-arid area
W.H. Miller, Manager, Denver Water Department* USA

Water Pollution Control in England
Water Directorate, Dept* of the Environment, London, England
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Dr, Ken Harley, OfflceHU>-Cbarge# Commonwealth Scientific
& Industrial Research Organisation f Australia
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iy Peter felr<>^<^ï j ^ s t e i ^ t ^ ^ ^ * -

Effective water quaUty management Is based ÛÏÏ these four steps:
••;• wr i'» ; c h t f ^ ï h J ^

Careful c h o i c e ' o ^
Extensive contlnous quality monitoring

• 1* Choice o^ raw water iJf

••'•• ^ I ^ ^ ' i t ^ b â n y elem^enlfs..
M im^^âè^:ë4ë^CoiTecrWrav^'

ence

To do this one has to start off fcy investigating all possible purposes of the
the «Fpj*^^'Htt^n^:;fe;.tiè*: ^djdÈff^ilïï «*b(|«ttiûi«flfr Ofr w&teMttpïdiôs w*U be

recreaUon, Industrial cooling systems. On the other hand, it is sometimes
better to takô the water from an already existing catchment or water works* All
these questions ^nilùehçe the choice ol the water to"fee(|rea|eM?;;;.fiFig* 1)

to be' • acheived.The second inVestlgaUon deals, with the quaUty
the nrinlmum quality is defined by law In most ooUhtries, but in many cases

as
is possible11 is to be avoided,. Jbecâufie such: qttality ato? io be associated

with unlimited costs, "At lowest costM is not enough either. The best procedure
is t6 dôflrte the necessary quality in detail and at the same time give the
maximum investment thai may be made for the water. If it proves impossible
to liocfacewat^r,at these costs»^/^«ttf^;^jto»i^:W^lm r lo^' ' lbwerad

Fig* 1: Investigations of all existing water resources around a small town*
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ot the raw water resources have to be sought elseîwtierè. The raw water
must be evaluated for every resource within acceptabje distance of the * ,., 2..
consumers and this evaluation is necessary over à loiieer period of time,
usually at leasst one year to allow for seasonal chancres. Short ten» pollution
peaks may of ten be omitted if water is available from storage for such short
periods. Step by step oonstructton of treatment plants Is advisable In all
cases where the i#ater quantity taerease with time r But |fcis procedure is also
appropriate if the quality of the raw water or the necessary quality of the
treated water is expected to change in future» > ^ '

As an example of such investigations I mention a small town on a lake
«lâth ground water some distance away. It had to be decided whether the lake
water or the ground water should be used. The quality ©I the treated lake
water had to be equal to that of the ^ound water. This condition defined the
necessary treatment of the ^fce water. Ch the other hand the ground water
needed higher pumping and the*construction of a long feeder pipe line, h was
found that a highly pushed treatment, removing even pollution tracas, was
more economical than the transport of the untreated groupd water.

2. Pilot oiant Q&eratloÉ - ." '

Pilot plants are always necessary if raw water quality is not known
exactly, if, as with river water, it changes with tfine, or if any new treatment
technologies are to be used. Bui pilot plante; only •feïiiïtàteiêrèriGes'fat the
planning of treatment works if the data to be acquired are well defined from
the start. It is not enough to ask if the- pilot plant is able to make potable
water from the raw water; the influence of the process on specified quality
parameters must also be evaluated. Careful interpretation of the results is
most important» Dependences often become visible only after appropriate
representation and evaluation of suitable characteristic values. Results should
be independent of the size and properties of the pilot plant.

It is desirable that only one parameter should be changed for each run
of the pilot plant. If the influence of thé filter velocity ie in question, filter
mass of chemical dosing must not change durtog the experimental aeries.
Such constant condittoas are not always possible, due to uncontrollable
changes of raw water quality* In such czse, the influence of raw water
quality on pilot plant opération should be evaluated in the first tories of runs.
In later experiments, the influence of the raw water must be eliminated by
correcting factors* The only disadvantage of the procedure lies in the fact that
evaluation of the raw water influence "alone of ten takes more than a year and
involves considerable costs.

•> ; • . • • ; '/••
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If only a sin gle treatment is to be Investigated*it is often possible to get
constant raw water by pretreatment of the water. This is the correct procedure,
for instance, in choosing the brand of activated carbon suitable for removing
tr«oe pollution. In other cases the pollution peaks of the raw water are of
special interest. In such case, changes of operation during the passage of
the peak must evidently be avoided too.

Provision of sufficient time for pilot plant operation is most important in
many treatment design programs. Final design aad construction can oaly start
when the pilot plant experiments are not only finished but also evaluated
and Interpreted.

. . . • • . . . . t - t . . ' " • • ' • ' . . • • • • » • • •

Pilot plant operation should always show dependences between physical
or chemical parameters ans not just single measuring points. It is quite to'

5 declare that a perfect drinking water is achieved with a filter
run of 12 m A velocity. The relevant qualities of the filtrate, e .g. turbidity,
floating matter, plankton, iron c ontent, must rather be measured for filter
vlacitbeo oi # to "f S m/h in a sufficient number of small steps* The diagram
derived from these measurements will then show wfalch filter velocity is
approprtote fcr the desired quality of filtered water.

If the raw water quality undergoes large scale changes, it is often „
deceptive to calculate the efficiency of the treatment. If the efficiency of a
sterilizing treatment is 99 %, it is quite insufficient fpra raw water wtth over
1 000 000 germs per ml. On the other hand, an efficiency of 90% might be
quite sufficient for a sliaht^y turbid water. So it,is much more the ai»olute
quality of the treated waterrather i ^ n the efficiency of the treatment process
that is decisive for the evaluation of the appropriate treatment. Specially
dangerous are pollution peaks of the raw water that cause deficient drinking
water from treatment of constant efficiency instead of constant quality which
is'safe.''- ; ' ' • ' . • " • , , " • • . . . ' • ••• , .• •':.'••• •. '

As a sample of such lnves tiga tions I mention the pilot plant that was
installed on the River Rhine to prove that micro" flocculation followed by
double filtration will produce water of sufficient quality for chemical works*
First of all, filter velocity and chemical dosing ware kept exactly constant
for many months so that only the raw water quality of theriyer .changed, the
result was that thé treated water was of sufficient quality up to a raw water
turbidity of 500 ppm and deficient with higher raw water turbidity. In a second
series of runs, it was shown that up to A raw water turbidity of 20 ppm, no
flocculation was necessary at all, A third series showed that deviations of
quality were distinctly stronger with filter velocity of 10 m/h than with 5 m/h *
In the last series, only chemical dosing was varied between 0.5 to 10 ppm
and thé optimum was found to be 2 ppm. These few questions required a A....
pilot plant operation of more than a year.
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3, Choice of apgropriate treatment

the first step In qfuaiity management liés in the choice of freatraent;:.'.-w ''
appropriât e to thé properties ;0Ï the raw wat^f and to the desired quality of"
treated waters ïfeerë are several treatment processes suitable for each treat-
ment and each treatment process can meet several purposes. Optimizing thé
treatment therefore means finding a combination of the treatment processes
such that all purpose* ape wièt with least expenditure/ It may b^thjaj: a very
e»pen«lve process Uŝ 'd" for câ© «jieclal purpose is «jiiljte economical because
It Is able to fulfill some ottoér* treatment at thé same time/ so that .no second-
ary treatment is necessary. It is , for example, possible to remove the slight
turbidity after ozonization by using cheap ffeie san^ filter instead of an .
expensive activated carbonr filter. But if the tëmôvWét^Igh. molecular organic
pollution is also a requirement of the treatment/ the' :âc^éff^^.jbon^tljte^
will perform both treatments at the same time, while the fine saMCf^li^iibil , ;
has to foe-followed by âorne polishliiej tréàtràèîït. A Quick survey of existing
treatment processes for each purpose wiil hfeîp'tbil^^
comblnatilon. A matriic was théréf^rè assembled showing 'thé most important *
treatoent methods horizontally and the treatment purposes or quality short-;
comings vertically» To limit ttie size of the matrix, only the main processes
are indicated, and not small variations, such as upward filtration. All the
same, it sliows the importance of defining the jpurpô^é pitreatraefït Jlroin the
very start of planning/ and $t« possibility of choosing multipurpose processes
for one single

ïhe most economical dimensions of treatment lnsta;|^f|pis, are almost as import-
ant as the ohdee of Hie right p^cess/Suc^ optlri^citibn needs carefyl ,
distinction between limiting conditions and the objecUvefunctiqn^ limiting
conditions are spécifications that reduce the rangé of possible decisions «
Example of such limiting conditions are the desired quality oï water, the
quality of the available raw water, the regulations concerning waste water
and sludge disposal as well as the size of the plot of land, the situation
relative to the center of demand arid regulations of environmental protection. ,
The total accepfâble cost is a limiting condition too. Objective functions, on
the other hand, are the minimizing of costs of investment and operatton,
maximizing of quality and availability. Optimization must be confined to one
single objective functions are regarded as limiting conditions. If minimizing ,
cost is the objective functlûn, then the minimum aàcëptable quality and ^
availability are limiting conditions. ïf Maximizing quality is the objective
function, the maximum acceptable availability are limiting conditions. An r
example for cost minimizing is the optimization of alum dosing and filter
depth in relation to filtrate quality and the cost for deep filter beds, alum
and wash water. An example for quality maximizing oh the other hand is the
choice of appropriate filter masses and depth in multilayer filters, taking
into account the acceptable cost for back wash and for sludge disposal.
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optlmlzJUigoiaU treatment parameter Is an impossible task.
it is ne€^esai^^;^it-optlmi2«Éi0ii to the few most ^portant

{£§^jj|||ji^ of %e treatment ,
process » Fortunately, msny opUmi^àUoas can be made In the operational
plant by, varying op^^^ a task, is -one of the most

^ interesting duties c# -every waterworks manager. •: v • •
' ' ' '

4 » O u a i i t v M o n l t o r i n a - ' ; " - i - •..•••'••' •• - .• • • •• •••.'.•••'•'•• • • •"•-'•-••'••- -•• - - ; y ' '•' '•'"••
., * * • , T j i i i t r - r i w y f f . i w j i T i i i t i n n i i t i i M n i '-• . • • •••••*• • ? * : : . • • • • ' ' ;•••.- , . ' , . ' • ••" -, ... •

. Ko management is possible withbUI; strff^4e«tf data. While Quantity moni-
tor ing. is quite common in the water industry J( if you think of water meters,
level gauges and manometers), quality monitoring is mostly restricted to a
feW iaboratory tests once in a w^ile. This is nc% enough, The malft parameters,
such as turJaidity, pH# iron content, redox potential and chlorine content have
tobe tîicaa^red

meters on th$ market tet^i^Éojstly as cQiftl̂ lned monitôriri^ stations.

^ of water cat^m
only way of ensuring that a public water supply does not become a source of
^ o f à means of prosperity. ' ^

¥ ^ Qualify njonitoring aIso includes trace analyeis of heavy metals, such as
copper, cadmium, mercury and iead as well as caroerogenic materials in
conç&ntea tiens of orje part per b ^
non*«jpttQia4tstQ can perform such analyses. .: •; •-' ..: ; :' . ^

Quality monitoring is necessary in three distinct fields namely: monitoring
the environment for its influence on raw water; optimisation of treatment
operation wife ite special influ^iee on c^em^cal costs; and monitoring die
treatment process and the treated water to guarantee the good quality of the

; d r i n j t e % g w a t e r : : : - v - ' "• '••••"; :

goe«:fwMcriotttt(Jwa..ter too. Monitoring
^ 0 ^ ^ ) ' ^ » so complete as to enable the works manager to take steps

in oase oi yii^er o|e|̂ riprat*Dn before the quality of treated water is affected.
Monitoring the t ^
ttJis influenced at ea^JJfeaj&nent stagei It is very Important to

^ drinking water due to treatment breakdown.
j ^ : a t < h e worfe» =exit is aiso-impertane to prove certain

"was adeqjaateî* but it must be realized that once the

ly bett*r to co&trol the water quality earlier, that is , In the catchment basin

^ ^ as described l



Nowadays many works managers realizeJftattyisr also necessary to monitor
the water quality in the d|»tribufctori network^ Unfér«^t#Jy> mèn^ oases are '
ki i^n where water,le^av^s
so), and deteriorates in the network or in»tJïfc ebiiïsumw's houseliiéiiilfittlbns,
If such cases come :$p̂  the knc*v^
for the fauit # the distribution ntetworte ̂  àrtiiè cc^sittmer'à h ^ ë twt improve
the treated, water quality in such a way as to n&ake ifc proof agàîntet interaction
with pipe or reservoir material. This can be done in several wayër^pH^èontrol •
against corrosion and rust-colour, fine filtration againa£ sludge depots in the
pipe network, oxidation of organic matter to prevent germ development are
among them. • : • : ; • • • • • • : • • • : , : , , , \ ^ \ . • ; - • . • • : • • • . ; . . : ; : / . •••• s ^ , • • • ^ . . . • • • - • •••• • • • • ' • • • • ; -

, Many cs^eas, have proved that qualit^Swsti^^
a l s o e c o n o m i c a l . . •::-; -^ ••,:•' '"• : y J f - , . ; • : ^ ' ' ' : l ^ . :^':';~':"U:' ^r:'"'-"• '''"••' '" ' ^ '] : ' ;

Thus w£tgr q U ^ j ^ :
management in generol. '••f\:.:lw:.^::::^;%^-'^;:^yi?:&-!S" ~ ' • ? . • • ' '."'•̂

Dr. Liu I think you have some truth here. I want-to know how you can
set up some &?nd of standard qualtî^.îte£Uftably you have to

' have a certciJn̂  qompositeindicsaon tjfr tlint there 1» a level.-
of q.ua&&# I wunt to knowôlao how each country can set out

V itegiyat^ quality-wiÉh nûdifficulty of social and economic
concerns. It is,i«>tt*ie job of ^ e goyeri^ent#è;® t^ôle but
rather ttie authority in each area conQernëdï;They,-perhaps ,

Ear. Grombaçh ;-:.ye:i#::M;:cour»© ïvgœe &ndiS}^3m^&i^:0^^HOi:tt&y also
give soflïé qualityr l i l t ed ^q^^'^liâl-^ 'projects « «uch:;aa

** turbidl^r and;genns, but please remember the second item I
mentioned about the r'ximum Possible Investment. Unfortunate-
ly> I have seeû in i;y life so many good projects that have

^̂^̂^̂^̂  e ^
; :: t̂«lteijiifebiife'-astftga:'Which: are much too high in coèt'àr»! If you

• combine :tffé*ië 2 then it is rëailf a qu0«iibn olhétféssary
qu^Mly ïsècamse with limited investment you cannot obtain ;

\ every quality you-, want.,The èhgiflèôrV^the chemist àii^ifte•"•'. "
: scientist have a J^ndency to^et aSmlteh quality^
Il^does iK3t éxi

^ f pay themoae^ for it anâ'ëg^
••.i:J.,.-•;, '•:••: .. t h e n e œ s s a r y ; w J ^ ; :

;•:: ;; •••,'(•'";•' :•,:.:.•::;,' i t w o u l d tetoajfcfcer t o ^ g e f - ^ . - b j f e ^ e t ^ u è l f î y V ^ i S ' i s ' ^ r ï ••v' ' " ''-•
created the expression "neoe&sary quality1** <*f course, I
know it would be the best thing to have quality water that is



beyond any complaint*

Dr. Osenga

Dr. Grombeuâi

Dr. Osenga

Dr. Grombach

In the economical and secondary venture, there &m apparent
effects of water, flse water quality should be just from the
source and not endanger life when water Is consumed. That
^ould lie the detired result. Hie government authorities have
the facility to supply water to fulfill this condition*

How would you define water quality parameters? j ;

Necessary quality in the first place is of course Quality
according to the law*- In my country there is a law governing
nutrition which applies not only to water but other things as
well and which M ^o|tietimes <j$&i£î  to achie^. #ere Is a

icertain turbidity which is acceptable because it is
but for certain industries such turbidity is not acceptable and
^^mêmj^^'i^i:pe.Gl a hy^.p^4mr», ,••. : •

you n « i ^ ^ ' t b a t i ' i ^ f ! ^jiwafc^xaraple* beer
-,would ^ed -wa i j ^^ i fy ;ôpeci^l:^||ty>speçi|^:*toout:' •. . \^

residual germs and water which is absolutely sterilised so
that you will have-i^lïevery careful with tfc îjeetfefil. -, The:,
wrong kind of germs will make the beer acidic»

In your own context you have described the effects of water
on the preparation of beer and also that in many oountries
you have the lawlaggJ^ Behind demand. I think that there
is danger and if dô#s make more sense that you make water •

r quality suitable* ^ ^ e s a t t i e ^ e ^ water is used <m$,;fae
' country for the « à ^ |^^>sa tiie^ will be one&uâlliy

p a r a m e t e r * , v y . . ; : ' • V \ ' ; ' V ? " V , , - . ' : . v , " ' . . ' . „ • • • ' • ' • . • • : • • . v - . v . ^ - ' '

Yes, it seems you are right. You have said that in my country
there is a la^foIlovir^eveiY demand and we have under*
stood that in the area concernedl» thare is pollution in the
drinking water. Drinking water must not contain poison* there
is a difference in the minimum water quality for each area.

It is actually ^ie dation of the Water works management to
say and to d e f ^ e ^ a t quality"he wants to acheive and again
I say of coureie &$&&% an area, thé area has a main
quality but we cannot and do not wait for the law* We do not
wait for the law but should decide for ourself what is nece-

, Asary, H you say that there are universal parameters then
I do not agree* When you open the tap here, the water has
a temperature of 20-^S d<?grees and it is quite impossible
to get cooler water. In my country/ water has a 4-6 degrees
temperature and you realize Ôiat it is more daagerous here
than In my country for germ aftergrowth*
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WAtlR Q0AI3T5f
Dfi WX (FhMpplneB J WATÉR

ÛF THE W$~m4 STUDJf OF XAGUNA

by £• Paris et, S o ^ S h , Franc©

Laguna de Bay, In the Philippines, is a shajlow braçlcieh lake of 900 km2 dis-
charging into ManUa bay through the Napindan and Pagig rivers (slide no. 1)«
These rivers flow throuç/h Greater M anUa (5 million inhabitants) and receive
most of its wastes. The water resources of the lake are not efficiently used
mainly because of periodic salinity and large scale poU«tion. However,
around 1990-2000 Laguna de Bay water wiU be needed for the supply of the
expanding population expected to reach 14 to 16 mUliona by ttw year 2000 and
therefore the formulation of a water management plan for tho optimum develop-
ment of water resources was needed.

aiI will summarize the malh water quaiHy aspects of thé «tudy carried out in
1973-74 and suces s ively present:

- the diagnosis of the present health çtf the lak^ v ; > '
• • ' • • - ' i - v - - ï > • • ' ' - • • • • • • • "

 ! :
 ' • • '

 :
 ^ " • • • " . / • " * ' . . . . • • ' • • • ,

- the assessment of main possible water uses and corresponding water
q u a l i t y o b j e c t i v e s ..'•••• v

- tiie definition of a preliminary Coherent medium and long term programme
for reaching the above objectives.

To conclude I wilt preaertt some personal views on institutional aspects*

Little reliable information on the water quality, of the lake, temperature

r <' I , •'• •'•

1: The views expressed in this article are those of the writer and should not
be considered as necessarily those of the United Natione Development Prog-
ramme, Asian Development Bank or tfie Philippine Government.
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and salinity, was available at the outset of the study. The first step was
therefore the construction of a fully equipped water quality laboratory which
thanks to the efficient coUoboration of Laguna Lake Development Auèiority
'was operati^l in seven months. Sfstertatic sarttpling, analysis and studies
were immediately started by a team of forty people including water chemists,
biolog'ifitS/Hmnolog'ists, engineers and auxiliary staff led by two experts in
l i m n o l o g y . [ ' ' ' \ : :-'-'•"'••l' : r , ' : - ' - '. •'..'• •' : ..' ' ? r : r j - v •":'

:T_'' .''**''' • ' ""

The average depth of the lake is only 2,8 m. Under the nearly permanent
presence of wind, waves easily mix the water to the full depth and stir the
soft bottom sediment s into suspension. The turbidity is high limiting the
light penetration to the upper 20-50 'cm of water and algae production to the
t o p l a y e r o f t h e l a k e . ' • '•"•...• / / ; . ; . • . .- . . . , .: .•: . .....,• ; -,; / ^ p ^ - v r • :- ••-

Water temperature is always high 25° to 3Z6C and bacterial acUvity, biodé-
gradation In particular, is high, digesting most of the BOD load coming from
organic pollution around the ahoreline before it reaches the centre of the lake.

At the end of the dry season the lake level may drop beïoVïtoHeviel of the
sea and a reversal of the flow in the Pasig and Napindan rivers introduces

rf AjU^'«tà'$jjj$J£>^ Sild« na./ l sibciwt i ï ê ptbg^
ressive distribution of salinity from AprU 73 to March 74. In Apr il-July 1973
nearly 1 milUon tbris of d i ^ d e ôifrtéi^ithe lake* '

^ ^ ^ ^ : l ^ ^ o ^ ' " l 9 7 3 : - t o . . : * i a r # W74, samples b« water, ;
sedlmèht* and .plankton were taken systematically at various stations in the
lake, along main tributaries and along thé Marikino, Napindan and Pasig
rivers. The analysis of these samples- involved the etudy of about sixty par-
ameters* Analysis of nitrogen and phosphorus cycles was started as research
on plankton, ften, and algae, / • . f

Dissolved oxygen oontent is greatly influenced by photosynthesis action of
algae» 0» a sunny day# DO increased item 8 mgA at 6 am to 23 mg/1 at 2
p r o , à l a r g e o v e r c o n c e n t r a t i o n , , ^ ••:••-•*•••••_*"'"'••'"••••:-:i•••*"•••'*••• Ï:-L-

During cloudy end calm days and where algae blooms are present it can drop

Nutrients play an important role on the ecology as they cause a large proli-
feration of blue-green algae. The average value of the total nitrogen content
was of the order of 0.9 to 1.2 mg/ï mostly accounted for by the stirred up
sediments tfiat contained about 3 g/ï nitrogen.

The average value of the dissolved phosphate was below o.l mg/1 •



-*-? .-•*-.?..• ; - ; ; : -

- x o -

• • -M V

^ ^ ^ ^ ^ ^ were. çpn j&c^^ r : ;$^ , ..
pj^sftfïaté diet 'hot iïiçrea.se ;aig#«- growth; •^3ic9 : t^ ' lS| | |^ '^osf?ihàtè supp-

y Jy Was a^ady'sitffïcïçtht .anxïfyjS»" nQt th^ .-..Qpntirôïlin̂ . ̂ ĉ |Qiĵ )̂ i..9tî JÀ*̂ i*9- ;ooa©
In temperature climate. &^timttlation of abi&rt<(2.7 tlmesÂiwas olw»^wsed;̂ y •

-increasing the nïçri&te ccwiçintrâÇion from •Q»$jtp'Xrtkg/lf Additional e^pç|;Hi
'iTjnents confirmed that nitràté^iraa-the main factor controlling aigae growthjnents confirmed that nitràté^iraa-the main factor controlling aigae growth.

I^tguna de pay has alrea$X reached a^critical s t a g e o ï jpolluti6ii^a«s4ng a .
•'large b l u é ^ r e e n a j g ^ ^ d ^

Industrial sources around the lafce' ' ' ' '^" ' ' ' ' "'' ^''^^'^'"^•^%l ' ^ ^

Algae ;^ow^ fo l l e s a B^a^onaic^
• April,' p&$k '&ti^1ty9£l$&&
decline^to a v^ty. jpy7 ?

; ^unt4n^E^«^j^ •- • ;^
understood. This cycle appeau» In^pèetiv'e ôf any reverl^:flow from the ;

Pasig» But since th> ;?asig infJLoŵ  iljgresent, occurs towards the beginning
of May-June and lnt^oiducea a Jarge Quantity of nutrients, the inflow éfieçts

U sëïye. to ^ ë l è / t e d t b h ; K | ^ J ^ r

: - . , . • . • r : - • • . . . • . . • • - .

- - • • • " " • • • : • • ; . • • ' • - • • : . - • • " . : . - , . • • • . . ; . . • . . / . . : . y . - " . ' • - . ' • ' : I : , \ . V " ' . ' • '
 :
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Slide 3 shows ttie evolution of the concentration of bliie-green algae in the
lake from June 1973-Mareh -1974v Anacystisi cy^nea ^icrpcystis aeruginpsa)

by far the domihant s'p^ciee^. $itij^^,<joun
measured in Central Bay ^$Bfy''^aàjÀàsiu^t giving" i(i«watera dte

s o u p - a s p e c t s * • - . " - > :. "\'- ',;;•; ' y , -.'.> -, ..

and

imree nundred and/ninety-five tonŝ  ^ ^
the catchment ar^a of Laguha çie Bay! Heavy ijïèt^is such a# mercury atnd V-
chromium are found in the'fact^y effluents and in the lake sediments in some
zones near the shore. A^pàrently^.. neither Abe '. concentration of pesticides nor
jt^aAof anV oi the heavy metals has reachâd a critical va lue. Nevertheless,
hign concentrations of methoscychlor,- dîeldrifi, S|^?rond.iitMia.ne wer,e found
in some fish species by otEaexxesearchers. J - ^ ^ - ;^

^ ^ hazardous substances' is ; ^
w a t e r s c ^ / s ^ t o e n l s ^ : ^ ^ ^ j^^'^»ie concentration^ the successive

^eps of the fc^â ^ainy^peç^ial attenté in
:^: the future and iess?"h^
r?%gricultural purposes. *%^

Presept ^pllt^tioqi'an'd Fopecasi^d

The most objectionable pollutant is presently the ̂ xcessive^ discharge of nit-
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trogen compounds. The nitrogen pollution reaching the lake in 1973 was eva-
luated, atjS&Oft tons, main sources being:

:?ivi; ?ir 'j'..-J.iyeatoGk. à p d poultry • 3.6%....

";'• / - I p o m e s U e . .'""^''',T..''.; " : . : ' ' 26% : :. :.: . •;. • • •.-.

•;; '/••-•: ^ : . % s j g ^ i v f e r r e v e r ^ f l o v r ;•• : ; ./ ,":-, tt% fo r a n ave rage .yea r •

' ^ ^ r F e r t i l i z e r s - ; , : > ' v ' " ' ' 11% . . ; •
. • . . ' . " • • • ; • • ' • ' • . . . . • . • . • • . • . • - • • • . . ' • • . , • •

" . . • ; ; • . - . • " 5% • .. :r&o-^'

In additic«ii it was found that sane industries, discharge
:#nd oil \vastes. ^ ^ p ^ ^ ^ ^

^ battes aoroéô
ecoiogy of

If nothing is done» the quantity of nitrogen pollution reaching the lake will
triple 1^ l^e year 2000 as indicated in slide 4, Public health problems, would
"wôriéen with the increase in population. Algae concentration 'i$f 14k§fy toS'trip"
le . Larg« algae blooms will be present during much of the year, practically
wiping out fish pen production and probably most of the fishery i^ the open
lake. Lasser concentrations of heavy metals and pesticides would make the
surviving fish dangerous for humafi conaumption. ' :,...._ '

During cajan, days, algae would float on the s u ^ ^ forming a thick crust,
the top of which dry and decay, pwwduélng large lake areaa with a very offen*
sive odour that would be obnoxious in Manila and in communities around the
lake. The possible use of the lake as a water supply source would become
very cbstly if not impossible» The Pasig River would continue Its maBsive
inieçlion of «aline and polluted waer pj^vehtiflg^he use of the lake water for
irrigat|onandwater supply. ,'V -;;; ^ ;_ ;\;\ " :: :̂ ; •• ••

Main possible water uses.* corresponding water qualité objectives

f j ^ h e r v •• • • ' • ; : : [ • ' • ' : '•• • • : ; ' ; ' " ' : ' • '' .... _ . v
: - . : . • ; ,

The original fish population consisted of relatively low v^l ue species, less
than 3% f««di|ig on the abundant phyto^anktoh and algae resouro^s of the
lake. In i971, LLDA introduced fish farming, moatiy based on the milk fish
(chanos chanos), an herbivorous and phytoplankton feeder reproducing only
at sea. The operation was v«ry su^W)i|»ïul and in 19̂ 3i there:yt$m 4800 ha
of fifth pens in opera m&n With a meaii; jptpductivity of nearly 4 feoi/ha/Vr

• * • • •
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The study of the productivity of the lake s^ggesta that the area of fish pens
could be increased to 20/000 ha or 25,000 ha, with s potential production of
90,000 tons/yr having a market value (1973) of 350,000 pesos. Water qua-
lity is a very important consideration in fish-farming, since fish in pens can-
not swim,away when local water conditions deteriorate. During the summer
of 1973, the damage caused by algae bloon?s; reduced the value of the harvest
by 15%. It can be assumed from algae productivity-tests that the percentage
of damage will increase linearly with the nitïi^et» pollution, posing a big
threat to the survival of fisheryJf steps are not taken urgently to keep pol-
lution within the limits obtaining in 1973. ;

Irrigation

Projects 'exi^ffot^^Mtàa^^ii&ppicox. 30,000 ha.feotniakeiwafter allowing
the production of two t:rop4 "per^year insteadi of one. A prerequisite for their
implementation is theconstruction of a dam across the Napindsn river that
w i l l s t o p s a l i n e i n t r u s i o n . T h é c o r r e s p o n d i n g b e n e f i t w o u l d b e e n t i r e l y a t -
t r i b u t e d t o t h i s d a m . ' ; . .'„. , •. . ,.v;/.,,:.;;•, :••'•:•• •-•.-.::•• *? "• ••-•••r'̂  '

Existing studies of Greater Mlfiiiia water demandup to the year 2000 were
reviewed. The possibilities of otfter sources, were studied at prefeasibility
level. For Laguna de Bay, the study was carried out at feasibility level with
the help of a 8 m3/hr pilot plant,. The study''Man shown that by 1995 at the
latest the resources;..of I^guna 4e Bay^wh^ch^ffli.provide 2.5 million rci^/year
will be badly needed bu their availability is conditioned by eiifectSve cbritrol
of Laguna de Bay pollution. I :- < r ' K •• ^ • •• •• •:• ••^••[-H^-••;••'•''•' " •

A part from the necessary control of poisonous substances, the main problem
; Is algae* No experience exists of industrial treatment of water containing
more than 300,000 algae/ml and most likely existing processes, even if " *
micros training is added, will not allow continuous treatment of algae concent-
rations of 1,000,000/iftl or more.

The pilot plant which was operated 8 month's on the South shore of the lake
has shown that with proper use of alum sulphite and polyelectrolyte, coupled
with efficient sedimentation (floating sludge blanket type) and filtration it is
possible to eliminate 09.9% of algae up to concentration of the order of 200,
000 anacystis/ml. OLarger concentrations did not occyir on the site. At this
stage and pending fuïthërrèaeaiph it has been eat#na*ed^ that^algae^ concent-
raticm in 1973 Wâa àiréàdy reachjed a liinit value and^consequently ihe 1973
nitrogen pollution has been tafce^ as the maximum tolerable for water supply.
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Pollution .Control Programme and Economic Justification

The 1974 knowledge of Laguna de Bey ecology was far from complete and
limnolpgical phenomena are not identical from one year to the next. ;Fore-
ç â ^ # Based oni.a single year oi-ê^mo^tic axmiyaiSg are only a preliminary
approach and the corresponding ftogrammeoipoUution control will have to be
periodlcajfy revised according to the^{apgrésë'-'Of.̂ oar''knowledge bf'îjaguna de
Bay ecology, in addition due to « 4 * ^ only a brief study
could be made of thé works needed for pollutibh conttol. However, the pol-
lution control programme proposed seemed realistic enough to provide a
resoneble demonstration of the economic justification of the control and of
iiâ. financial fejasijaility through a s^Sieio of levies.

Toa|tapi the objective ofmaintaininy the pollution, niainly by nitrogen, at
its 1973 level, that is 5,000 toris^blniû^en/ihefproposed programme in-
cluded the following works and measure, the effect oè which is shown in
slide 5: . . : " .- _ ; ' ' • • • • ' ; ' •' •• ' • • • • . • •

(i) Prevention,.ol pollution from the Pasig River lay the construction as soon
,;ai ppsjsible of the Hydra«^C««Wi^l-Stn40tttfe^^a fee Na^pindon river.

(2) livestock Pollution - It is practically impossible to collect the pollution
from back yard rearing of livestock. Refuse from industrial farms can be
collected and disposed of by sanitary land fUU for instance. Imposition

. of a ièyy on such large farms, high enough to cover the cost of refuse d
disposal will induce owners to take the necessary measures to avoid the
the levy %'.'pay for the disposal ty others. A permit system must be im-
posed to avoid the'breatio'n of 'iaitge iivestock farms near Ûië shores of
the lake and a'long its tributaries.? j :

(3) Industrial pollution - Most of the industries in thé Laguna de Bay water-
shed are either along the northern...part of the lake's west shore, or just
east.of the Marikina River. Hie cheapest and safest way tel protect ttie.. _

•'••.lake is to build^ two interceptors collecting the industrial wastes and by-
passing jfrera to^^^

; -:^s^MÎm^ tor ^te s«oônd oa^a5^atm«nt liants are not yet mandatory.
In; any^ct$e, nutrients are not likely to be a real nuisance in Manila Bay

:' for a long time to come and classical treatment plants would be be suffi-
cient., in addition ttie location ol polluting industries outside of the Breas

h^h levies on the nitre^en, 5OD and sedto

(4) ijtiç existing rules concerning pollution by pesticides, heavy metals,
hydrocarbons, and other toxic substances will bë made more stringent,
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a n d s t r i c t l y e n f o r c e d . :...;/,:.,...,
: .̂.. ••.:,-„:• .:;/•-. - u - : ; ^ - 3 . . : . : • "••-•

(5) Municipal pollution *ft{frfcliminary study based oft surveys of three
; towns established |be cost of a minimum system bf intercept&n and
treatment. The system studied included a minimum network of inter-
ceptors for coiiéçliOn^^^^ of treated
effluents for irrigation. Tttèobjective was to serve t>000,000 inhabit-
ants by the year 2Q0{jé immédiate reservati^ 'oft l je necessary land was

• . ' ' • • r e c o m m e n d e d , , ; : - - ; : , ; : ; j . i i ; U ; ' . > • '~ • .••••-.. .ï^:':'K- '-r" •-•.•••• •

(6) Fertilizer pollution— It dpeg; not seem advisable''0;a period of food
shortage to limit the u sëo f iesttlteers. In̂  additiottj it would be one of
the costlier methods of reducing the quantity of nitrogen reaching the
lake. However^, fanrierrrmsrbe made conscibuis; of the cosr^f We pol-
lution they cause and trained to use cultivation methods reducing the
leaching of fertilizers to the lake* .•: :

The total cost of this programme, operation anâ malnlsen^nce''included, up to
year aOQO has been estimated at 360,000,000 peSds :J(Ii7.£ priées)/tiie great-
er part, ?70#000»000 being ne€se»sary to provide municipal sewerage systems
that would in any case become necessary in the future for pubiic health rea
reasons, • • : . , . . : " • • • • ' : i : , , • - • : :; - •-. - • • • • • ' •^•^'•'-' ' v f - • '- : : .//

The economic study basâdoiï benefits from fishery and water supply shows
an internal rate of r&xm higher than 30% Justifying the pollution control pro-
gramme which in addition will improve the health conditions^ of 1,200,000
inhabitants, • . • : ...:.••.'; ; , •.;. . ' :•'-' ' :;':':' ":':"'":- - ' ' '•

Institutional aspects

I will now present some personal views on tiie institutional aspects to show
the diversity of the methods used in various countries.

Water management implies a multidiscipllne ana lys is :~ economic,' social and
political aspects must be taken into account as well grs engineering aipects.
Priorities must be established» Interaction oiwater projects on each other
and their long life usually implies a basin wide approach With long term plan-
ning* Enforcing and financing the selected programme Require legislative and
financial action. Such a broad approach usually coders the field Of numerous
Administrations but on a regional more than national basis. Therefore, the
coordination of water management is generally entrusted to an administrative
body having authority over the whole river basin and the financial ability to
ensure the timely implementation of control measures. The detailed organ-
ization depends on administrative practice of the country.



The programme itself must of course be approved by the Government to check
Its ccmpatiblj^

For pollution control two basic approaches may be considered either separate
ty or concurrently: legal enforcement-of vyater quality standards financial in-
ducements to reduce poUution by Ae imi»sition of levies on water users and
p o l l u t e r s . , .••• ••'.,••. • • • • • • - • . : - " ; ; - - ' - ' ' " "• • :•' ; : ; ' . ' " ••••' \ •.

Water quality standards can be imposed on receiving water; they are based
jjadEhe jgegenfc and future uses of the-waler» Tlièîr main advantage iisH&at
they take into account the dilution and assimilative capacity of the receiving
body of water and consequently lead to savings in costs of treatment works
for pollution abatement. On the other hand,, such standards are difficult to
formulate and define and even more difficult to administer.

^Standards on the quality of effluents-have the advantages oisimplicity and
ease of administration. Their primary disa|prarft£»ge lies in their possible un-
econbrofical use of the assimilative capacity ot: receiving waters. ; ^

; ;
jbased on politfjgnt quantities or concentrations are used in y

cpuntr^les to ensure a fak conlribut^
ott»0ï^^ in. the cost of.the municipal sewerage system they utiljfcate + "3Pe vies
have been used systematically Jn JFrance since 1964 to fight w^br pblÊition.
The rationale is the following^bie river administration establishes long-•:.. :
term objeetives, based on proper studies and the schedules where »»y be
attained* She corresponding yearly cost of the pollution control programme

•4s d e t e i ^ * ^ leyiielJ^éied on
water-eoas^ptlon a n d ^ e ^ a h

•<Y0mlf£ cast M thê poUutiôflï control programme ; iîius inhabitants / ^àus tries,
and commuhlitea of a basin are made directly aware t%at obtaining or main-
taihing the water resource in quantity and quality is \keit collective respon-
sibility. They participate in tiie financing and through their representatives
in the evolution of the pollution control programme*

The levy system is flexible. Each; reduction of the quantity of poUutant is
er^out^ged by sin automatic reduction of the levy and there is a permanent
incentive to reduce pollution step 1^ «lep* Industries are not obliged to
spend immediately the fuU cost of treated
gramme the schedule by which they will reduce their pollution. If necessary
the schedule can be speeded up by an increase in the leviôs. The levies
strongly induce polluters to apply pollution control measures that are cheaper
than the cost of levies and thus treatment automatically begins by the most
efficient steps* which is in the overall interest of the community»

The levy system, by providing the necessary financing, allows the* adminis-
tration to put the maximum effort where it is most needed and to start with the
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most efficient or sociologically useful works, including regional sewerage
systems and trea tin exit plants.

However, poisonous substances pose a different problem. Poisonous sub-
stances usually ha^js à weii?-|Qca|ised prigtoiand it 4s cheaper to treat them
at the source before they are diluted. Accordingly, it was recommended that
a standard be imposed on effluents for these substances.

The introduction of a permit system was also recommended, to facilitate the
identification and control of poJUuters. ; ,.

; " - ! •

I hope that this brief expose of the, La^unaitle Bay âspobiems ©learjy
|h& complexity of the taskj qpd the impracticability r or large
financial lbaséis. of applyingBbiversal waiter quality standards without proper
study. Each! water quality programme must be desgned according to thei part4-'
icular needs ofthe: walet̂  bpdy and continuously improved accoi^ir^ to tiie
progress of our knowledge^ and the a*m of reaching periôctly clean warëer
s tândar<|s^everywhereii% almost c#rtaii^y out of the financial reach of even

I, want tp tiiènk the Xînitexi Ration Development Program (UNDP) which":*lnan-"
:i^e4;'^e\s:tU<iy#::^ë;i;S^'n'Dèv^ executin

'. and authorised the presentation of the paper, and all the participants in the
study in particular Ltpà» ^hicib. contributed sreetly in the gathering and
analysis of data on 3^^na de Bay. I alsO;Bci«nowledge the input of WHO ilh

a water quality management expert attached to,
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' by P.:'£paiuia£arajah> National Jteéearch .peyel^^ent.jC^pç^atlon, New
\-:.. D e l h i / I n d i a • . • ' •'!•'•>•••'•' • / T " - - V V - . ' - r ^ ' '

When nature designed the planet earth, and filled two-thirds of it with water,
ittfcw^ops definite intention^. .:.; So* much water was requiifed to keep liie.
rest of the earth air-conditioned, lest the living beings in it would perish
under the fury of the sun. Also, such a huge water storage was required to
provide drinking water usine the nature's distiUati^napporatur ™ the sun.
.;Biat allMe water contained in the oceans and seas•• ajre salty was also ln-
tentibnalJy done. Firstly, i t provides the ideal env^onmënt for*the millions
of underwatçh Hie to live (it is known that pertshajble things are preserved
in^âol^ and surely suc^ a, s a % r ^ e ^ excreta
from the land (both human aR$ industrial). If the ocean and sea waters had

i ajËNd affluents-"wouJbii lïâv# been a problem*

Thus, ocean and sea waters being not suitable for human requirements, life
ipon other sources J&»Its water needs—rivers, lakes, tanks,

'j0i;i0àhikgî0iâad:; «cater*--. J^aptf- js^apf , for underground
:$rsfâfr£inmt of the other sourcèsofwater are not safe for drinking without
treatm^t/ Water treatment,is rath©^^ municipal water
supply which (is; J^ated %only w^if t the reach of the relatively-rich urban
population. Mmions of the rural population, particularly in the developing
countries, are consuming water without any treatment, thus exposing them-
selves to the hazards of water-borne diseases. A WHOsurvey indicates that
about 3^"oi urban popuMtton aiwi &B% of tiiei'ural population do not, even
today* h ^ y e a ç ^
s o m e t i m e s n e e d s s o m e k i n d o f t r © f t m e û t , l i k e f i l t e r i n g , b o i l i n g , e t c : * , b e -
f o r e ttw^.^reused. • . ''.•"""'.'^-••-: . - - ^ v :• : • • •••-•'"""'•• '• .

thlsy therefcre, confirms the point,tiiat urgent action is called for to devise

raw water available to them for s^edr inktog .Rie design shoû W such
that it does not interfere much with -their existing traditions and practices.
Also, it should be cheap arid easier.adaptable within the framework of exist-
ing habits and practices of the,people.

An analysis of the problfm reveals iiiat the probable eye tent for water treat-
ment should take care of two things: '

(1) Removal of suspended'impurities, and *
(2) Bacterial disinfection ,

' ' • • ' ' • . ' . • . / ' . • • • ' • .
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If these can be achieved by the application of simple and inexpensive tech-
niques, the rural poor would feel grateful to the scientists and technologists
. o f t h e w o r l d . , 1-. :- .' . •• ' v - , .• ; '; ' •••••; : \ • ; ' " ; ; ; . . . ; . , . • " ..

Techniques do exist for filtration and disinfection. For example, thé Baifke-
field using filter candles of diatomacecus earth impregnated with silver
catalyst has been in use for a long time. But this Is rather expensive and
such type of filters is used mainly in hospitals 7 public buildings, schools
and colleges mostly in developed ccHintriea, and to a c ^ a i n extent, In the
developing countries:* the same technique lilis.: ibiééiâ'iltaÉtt ̂ cShiéài'jpiMf'1fiy.' *"pifô-
cass developed by the Regional Research Laboratory, Jorhat, Assam' and the
Central Glass & Ceramic Research Institute, dalcutiàV ^l ' 7

In this process^ suitable grade c-f cïày, a binder cïày and fts<y»rj(| ^
are wellground separately and passed through a slew to obtain ^̂ ft̂
particle size. Appropriate quantities of these substances are thon blended
with an aqueous so^itton of pc*ë size modlfieir to obtaih a slurry of a
nite^pns^tency, Cannes are then prepared using thy%3tirty ^
d«siihed moulds, drted ovem^h^ and baked in a ^

W'for!%• ̂ p^tf|c;1|;Jihe*': %f|rColÉHijféd '^àiïdïêi ^h^wiïr ft.; ffât ï) $

rltie«.l *m m a : c ë r ^ ^ t ^ ^ ^ o r thej«^>YfÎ"M to^ëfe^^seit B. iÈhe raw
water. À âmâïi'uïiitoiipaîijie of^^
lj©;;s t̂̂ p in^^^nteai^iipç^iionip^^
vestment would be ébéét ÏJ*S. $3$Ôt; the equiiaràërtts r ^ ^ b V ^ ^ i^a^
'tM[U'1i;n'iU«-:.oluinlni)î  drunis, tfflèVef w é ^ ^ ' m a c h i a e , b]i^k-
et«# etc> l^e dowri.#»teght Jcto r ^
easily cpnsmiçted* liable 1 iselow gives some of the »alJteï^fea^r%S of ^ e
oaiMWps which.are malft^sieg ft^^Lv^oi^^^e^iilaU^^^Ï*' |choW h>w has
been successfuHy expioited by â^̂ n̂̂^ One
jaandle would eosi about 50fto iC cents . . , :- V • I

table 1. Some Detail of Water Filter Candles

Dimension '.-̂  .•/-*.• r ^ , , : < / 1
,• Filter Rate, Stationary .'...*•;.

TyepFilter •' bia— ,.•;.--.;. '•
(4) Some bacterial Tests of Candles made In the laboratory:

' . ? ; : . • . • , * 1 ! .. ; >v ' . . ; v ' : i , , » . .
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*(x#y) x - Raw water bacterial countsrpej;'.mi, v ^ " ; V
y *. Filtered watej through cariât© bicterial county per ml.

results indicate reduction In bacterial counts.
V \ ,

The candles made ly the proceasf can be fitted in earthen, bras s, or porce-
lain vessels as shown in figure 2.

For disinfection of the water filtered as above, chlorine in the form of tab-
lets or ampoules could be used* Inexpensive techniques have been deve-
loped at the National Environmental Engineering Research Institute, Nagpur,
India* Details of raw materials, equipment; and capital Investment are
given below:

Suggested plant
size/day of 8 hrs.

Raw materials

Equipment

Approximate
investment on
equipments

Chlorfoe Tablets

100 bottles of 10
tables each

Common salt,
sodium carbonate,
stable bleaching
powder, chalk
powder.

Dry mixer, tablet-
ing machine,
bottling & labelling

machine.

U.S. $5000

Chlorine ampoules

5000 ampoules of
different capacities

(2ml-25mD

Bleaching powder,
sodium carbonate
boric acid and
distilled water.

Mixer, polythene
containers, auto-
matic ampoule fit-
ting & sealing machine,

U.S. $4000

Approximate cost of production: US $10/100 bottles of 10 tablets each.

the suggestion, therefore, is that small entrepreneurs could be encouraged
to produce water filter candle» and sell them Jto potters, brass vessel makers,
and others. Chlorine tablets could be encouraged to be manufactured by
some entrepreneurs and the Governmentitself dan buy the tablets and distri-
bute them to the people either free or at nominal cost. Simultaneously, a
systematic and effective campaigning programme has to be launched so that
the people may become aware and understand the usefulness of the concept
and the tools being offered to them. The district health and water supply
authorities could be the implementing agencies of this new concept.
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The above processes have been very successfully adopted on a commercial
scale in India. The National Research Development Corporation of India,
which has the licensing rights for the said of the technologies/ would be
pleased to offer the technologies to other developing countries.

) • ' - i , • • > ' . - •
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ADAPTATION OF WESTERN TECHNOIOGIES IN DEVELOPING COUNTRIES

by Dr. W.A. Osenga, P.V. Pacific Pte. Ltd., Singapore

Water lYaafanent In Pavel QdncL Comities • .•' •

The need of man lor a relia hie source of water needs no explanation anymore*
Everywhere in this world, water i s a precious, thfbugh indispensable gobd.

As a roault of increasing human activity, many sources become gradually unfit
f^ consumption or industrial usa* ®iis process nas been observed for a
number of years already in the western world; at present, also the developing ....
countries are discovering the ill effects of water shortage and water pollution»

The western trained engineer has been able to acquire knowledge of the latest
technologies during his education and professional career. Implementing his;
way of thinking and problem solving in developing countries will in many cases
lead to disappointment*

Some of the major problems the engineer may anoottnter in developing couht-
r i e s « r « i ; V ' v - • . , . : • • •• : - . . . , - ' ; • ; • • ' • • •" • ' • -'''•"••' . < : - • • - • " • ' • . ' . • • •

the chemicals that araiçost suitable in his design, are either of a diffe-
rent/Often lower qualify, or are not obteinable on a regular scheme ̂

- as long as the equifiment is new., the plant will run fine. However, pro-
' ï^v^ may ^rim^v/h^n'sj^^ial tools or méasuï^ inBtJcnmoats à^'re^ired

for plant readjustment and maintenance,

the ways of communication can be long. Ordering spare parts in the

ordfiring may take a very long ttoue, e specially when the goods have to

piay an impcîrtantrole in the pla "
that are of no importance in fflodarate ciinwtw can be extremely import-
ant in most of troplcai "

in many developing countries, water and waste water treatment are new
disciplines. Proper university training is still new and a highly skilled

,supporting c adre is in a developing é â ' S ^ 4 : ^ ^ ' "

- water and waste water treatment asks for investment, which also can be
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applied for building up the nation's industry.

Irrespective of the problems he may encounter, the western trained engineer/
working in developing countries had the moral obligation to design treatment
systems that are most suitable for those countries. He ha s to design^tiis
installations in such a way, that toe best attainable pffirfc*tnance is guaranteed
now arid in the future» Never, he will have the excuse that in developing
countries, the requirements of the population for safe and reliable drinking
and industrial water; afe 'k&mtjèisn in western countries »

What is a bad or in èfflcifni design in the west, oafttiotb« and cannot be made
appropriate to thVoih^ ic^ntF Jbest pe^eibi^ desigii is Just good
enough, anywhere^ in the world. Where local̂ «ix^oir̂ dn r̂ilitâ^yie -:Ëéèri lenient
up to now, their attitude will change as problems lncreadte and the popular
demand for a safe and healthy environment cannot be suppressed.

Local Availability of Eoulianent

When the êrigiriëêr Hasthê choice between locally, mahufac tured or available '
products and imported goods, he should give local products priority, even
when he ha^ tompdify his design,, sv. '• R _ ^ , r

For instance, properly coated,, mild steel chemical tanks can be manufactured,
a l m o s t e v e r y w h e r e . **'•''"\'^^^'."r^'':'-: • ••- • - . -: -"'••••• : •'•'• ' ' ' ' .

Polpestef or i»lypro

''Another examples can be ̂ 4 i ^ ^ ^ fe case a local^ - -
manufactured non self priming Rump is av^ailabla, th« design oan always be
adjusted, so that such a pumi>kcan^b« toqratid

Sometimes it is even possible, that the engineer promotes local production of
part of Ms equipment,...: Although initially, fois may .apjsew^ oft expensive pro-
cedure, it often will tum out to be profitable on the longer term. Import duties arid
shipping cost can considerably indrease prices of imported goods, especially
vrfxen local equivalents are available.

R e Q u i r e m a n t s o f i I m p o r t e d G o o d s y[? •-.-•• \ y a ^ : . l - ' r ^ •••& : ; ; i " . : r s " ' i ; - r . " ' K***-:''"'::-"'.'-

When import of matarials cannot be prevented, the most suitable type is to be
chosen.
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Some of the requirements of imported goods are:

their construction and way of operation has to be as simple, though
reliable as possible.

- maintenance is to be minimal/

fhe equipment must wii^tani|; |h^
retain their full efficiency and reliability under those conditions during

time,, ,.. : ; . _ ';;.f^ . ;.,u .'.^ , , .. _...,... . ,,'.,-. '

in case of failure it should be possible either to have it repaired locally,
or to rep^ce it to

for proper maintenance are ^ ^ a u p ^ l i e d w ï i ^ ^ e equipment, .

pH controllers, for instance, are mostly to be imported» Modem technologies
offer &utoh items as virtually maintenance free gel filled combined electrodes
of high precision and stable solid state controllers* These components
should be preferred above the old fashioned, outdated and inaccurate color»
imetric methods or high maintenance saturated KÇ1 solution fiUed electrodes*

Automatic free chlorine analysers are available io. the form of colorimetric
analyée.rs or a s electronic galvanometric direct measuring units the latter is
highly preferable, though more expansive, as it does not require a daily make*
up of imported analysis chemicals* In the long run the more expensive ana-
lyser will prove to be cheaper a net more relia ble to operate» c ; ?/•

Chemical dosing systems in moderate climates are often built up from chemi-
cally highly resistant PVC, ABS and similar materials, unless specially
adapted material compositions are applied, in tropical areas these materials
frequentJ^ give difficulties due tp ultra violet radiation instability, high temp-
erature creep or accelerated ageing* For long term, maintenance free stain-
less steel and stabilised nylon are preferable.

Solid state process controllers or ^chips" have bee^ developed for many icwiwt'
rial.app^tea^tions* . ."-.. ... '"V"L:" T. ""...." 'V::i""".. . ' . '.•-...•• ....

At present, these process controllers have reached an outstanding reliability
and durability under a wide range of conditions though, at first sight these
solid state controllers may appear expensive, they offer the plant owner ulti-
mate reliability and stabUity. Maintenance has been minimised; a defective .
unit is just replaced by a complete preprogrammed unit. -,_,,1.:,J.^^?f,;r-

Fault détection, if economically feasible, is done by the manufacturer and not
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on site,

Local Labour ^ '\' ' ' ' . . '

It is not always necessary to import complete systems, because past of the
coinporients of that systems -are 'not i o c à j l y - É ^ w ^ ; ' :

. . . . ;. ;.
Switph and cor.^ol pane l s , for ins tance , can be built locally, with the same
or sometimes better character is t ics as thé foreign a r t i c l e . • ,

Most countries equally offer sufficient facil i t ies for machining of imported
semi products or assembly of e . g . pumps, valves e t c . A proper planning and
organi»aUon of the assembly arid instal lat ion works safe guards proper q u a l i -
ty; i ts extretfre-importance^ cannot be igrtored» " "'-••"

It goes without saying that the overalldesign of the plant should be such that
the installation wOTks can almost completely be done by the local labour force
Only when necessary, the plant designer should give technica 1 assis tance
end coordination. Naturally, the local activities are assisted and supported
by cc^prehensive instructions and installation manuals.

Where a specified skia is Qu i r ed / the engihelïtè
in sùçh a way that slight niodiflcations may ^

The total water fireatment cost consists of both capital arid operation costs*

western world, where labour cost maybe muo^ moif ^kisensive than in
4eveloping countries, automattonis an almost universal feature of treatment

In many developing countries sufficient, low cost.labour is available for those
opérations, which do^ . t need automation. t

Such unit operations are for instance the chemical preparation, chemical do-
sing^ ad^distmefit {vvhen the raw^ waterŝ ^qtiality changes just ^rafdually), filter
back washing and sludge dewateririg1.

A wide range of waste can be treated directly in a biologic treatment unit, or
fiirat cost effjtoien^ r

Such a waste water is for instance the effluent from an alkaline edible oil re-
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finery and soap stock splitting plant.

Some characteristics ôf this effluent are:

^ ^ GOD':, .•* gyO&0 - -16*000 ppm

^' BOD - 3,000 - 7^500 ppm

f fFM - upt6"5,000 ppm

pH - , . 105 - 3' ppm

A direct biologic treatment of y>|s effluent is almost impossible,-regarding the
low pH* Minimally a neutralisation is required. *

A complete physico-chemical ffcetraotHieWt wm reduce the BODand GOD by
approx : '75-80% thus reducing the power requirement of the subsequent bio-

An average of some S$0/25/re^ extera chemical costs more than balances the
S$0f-65'— $0.78/m to b^r^penton extra electrical power, when the effluent
i s ^ i i ' i : ' : ï "

Even more import&nt becomes the proper system cf treatment when an under
capacity of electrical power supply is, observed, then the system with the
l o ^ l ^ t i i s p r e f e r r e d . •:•-.. : . ^ - r - if •-••• ..:•••;,•,;••,.'•.•..- - - v

In general it can be stated that where possible cost saving western techno
logies have to be applied. *

Local Avaiiablltty of Ch^mlcalfi- »•

" ïâ':''»<^fc.çG!untrtes:wil^àîaiB--and'liin«1-i3e locally manufactured. Ônïy occasio-
^ ^ ferrie salts are local products (a*o. in Sri Lanka). ,-

Caufrttç flixle and. liquid chlorine are of ten i|n ported. Bleaching powder is a l -
most excluaivfrJy impqr*ed> ••.:'>-".: :•" • - - • : ;

 :
:' ••• ••'•:^;-J, ..••--^•;- •-•

When ttftiiig these chemicals, their physical end chemical stability str&uld be
considered;carefully, together with their safety in handling, transjportation
and j$tt*!age. Especially in^remote areas, the chemicals have to ^ B t à r ë d
lpng time a^d it is ih&n useless to use^instable car highly hygroscopic materials»
Stable chemicals are to be prefered in those situation. ••-•. ; : ^ -
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Physico-chemical treatment of heavily polluted industrial effluents often re-
quires the application of polyeleotrolitic floccutent aids. These chemicals
need special attention, as due to their hygroscopic nature/ they tend to ab-
sorb water and thus deteriorate rapidly*

In dosing solution, their stability«s often not more than 12*24 hour»; the
higher the ambient temperature, the shorter their time of stability.

A proper chemical make up and dosing system has been designed according to
t h o s e d a t a . ^••••\,: ••• . •:'.••,: •:".;'. , / ' ' ^ - : • , . • . ' • . ^ . . • • ^ ; - ' • . - ; - . : . - ; : •

Polyelectrdlites in drinking water production are hardly acceptable and a pro-
perly designed;^tallatibn doe« iw^ need tiiem» H - ; .

By a correct chemical dosing ad|u#tment and incorporation oi a flocoulator
that has been designed and calcula tied according to the process requirements
allo© V̂ itt» a high settling velocity and strength ts lt»môd under all cbnditions •

That a number of drinking water production plants need polyelectrolites is *
result of an optimistic interpretation of design data for th« same frpe.of plants

i n m o d e r a t e c l i m a t e s » .-;• ;
: v • • • ' . ' ' •..•••-:•.• '"•.;•_ ••••.. .•; ' . y r [ '-•'r:r:'. •; i;':^ ' • • : • • : > : 1 ; V " • •••••";• •

Even in western countries only a very limited
culant aids are accepted by the authorities,

of ^ e Design

Water and waste water treatment plants often lmmrh^h investment costs,
-which only can be Justified when t^e installaU^ meete the spec-
i f^ t ions during its M l life t i m ^ ^

Designs which are outdated or unacceptable in the west, have equally no
place in dêvelopi3 ,̂f3O t̂e3riefi* M**«.'fn3'*0Wt*B**l &-ï&mi#teà!È(Êtiëtâ th

V moment, at which &m -adapted high techncJjigi*'.equ-ipment becomes
mo&t aBdncwiilcal will be i^à^ed;1màch rsï>oher''éita:4he 4si&mMmiii&a:- is depre*

mean a rapid loss of precious money.

Equally the adapted high technology units are designed to operate at
einergy and chemical consumption/ extremely importantleatures for developing
countries, • . . . . • • • . ; • ; • • ^ • - • . • ^ • - ' • • • • • ' • • ' • • • • ' • ' > ' : • ' " : • ''• • ' - " ' • •• ' " • • ' : ' ' ' : '

. • • • . • { , ' • • • •

Naturally, renovations of existing plants are always feasible/ but only useful
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when the core of the installation has been properly designed according to
latest technologies.

of Climate on the

The relatively high watertempej&ture in tropical areas has a distinct influence
on the design of both the water and effluent treatment plant. ' ' .;.,

the speed of many chemical and pf|y-"
sico-chemical reactions as well as sedimentation velocities. Using data
derived from experience in moderate climates may result in highly instable
systems, which do not result in any good treatment result. Upgrading the ; \
system by incorporation of more equipment or by using more ehesrtlcals does
not hide the fact that the basic design is not an optimium one*

Frequently, it is found that the aeration capacity of aerobic biologic treat-
ment plants in tropical areas has been over estimated.

Whereas in moderate climates bîïygenatiôn capaciWes of aeration devices are
stated to be.in the rafigeof 1,8 - 2.2 kg 02/kWh,.in tropjcal areas, these
figures have to be reducédvconstderably.

At a water temperature of 30^C, the oxygen saturated value of cle$n:water is
approx 7V^ppnv; at 10° i t l s lObOppiiv» This nieans that the driving force,
being the difference between oxygen saturation value and actual value is

On time other hand, the biochemical reactions taking place in the waste water
are acceleî«a$ë<î by -the high tettjpefifcahes; normally the reabtion speed doubles
ateach lO^tenïp^ature rise. •> ,:: : . • ? . : . . , : . . . •. ••.-•• •-":•• ••'-—

Sutnmarisu^df it has to be conclude^ lÉtit in tropical areas, the oxygenatidtt'
capacity of aeration çlevices has to be reduced from 1.8 - 2.2 kg/02AWh to
not more than 1.3 - 1.5 p^AWh, while the O*C#/load factor should be not
less than l.;2> 1.4 kg 6'2Ag BOO i a s ^ d of 1.0 * 1.1 Kg O2Ag BO&i

OnJy then* a- weii balanced biologic System

& SERVICES

Operators training on new installations are an important factor in the scope of



the project.

Once the installation has been started up and adjusted a period of familiar-
isation of the operators with the plant will commence. To have full benefit of
the new technologies, the project is to be completed by a thorough introduct-
ion in word and print to the operating authorities.

This introduction, both theoretically and practically, will greatly enhance the
smooth running of the plant and will prevent unnecessary damages ox malad-
justments.

After Sales Services

The designer has to discuss in the design stage already what after sale servi
ces are requited foftiw project.

Initially, a regular check on the operation will be required, together with an
occasional retraining C T r j i ^ ^ E t h ^ f e ^

Equally, already in the design stage, the arrangement of spare parts storage
is to be discussed. • : ' ... - . - '•-,. •. , • - • - ••••' • ••'."^•'-

AJ*#PJ^ pCilgare parts
; • • • • . • • • • . ' . , : • • • • * • . , • • • • • ' , " • • • . ' ' " ' • ' . • • ' • . . . •

After that period, an arrangement between supplier and client for spate parts
supplies will safe guard the proper operation of the plant»

A careful design of the plant will in many cases restrict the numbee of spare
parts to a minimum. Incorporation of vuluerable equipment or-equipment that
is not suitable for the prevailing climatic condition are to be prevented opti-
« • J J U N , . - , , . . ' , • • • -, . . - . - v , - . - ' . • • : ; • • ; • - : • - • . : . . . . - - . ' v : - . : - ; - •. ; ,;•:• - - ' •• • . •

Conclusions ' . • ' " . : V " . : ". •" . . / ' • • . . . v \.^':^- ,•:'•''•••', ,, . . „ • , : •,:.. •

No arguments are found to assume that developing counties are helped, when
they are offered water or effluent treatment installations that are outdated or
a ̂ unacceptable in the western world.

However, it is not^aiways possible to use the same designs in developing
countries, due to different qualities of chemicals, availability of chemicals,
energy supply situations and climatic conditions.

It is the challenge to the western trained engineer to design his system in such
a way thatjie combine the newest knowledge and local conditions, to an opti-
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malty satisfactory design. •••.:?•$$<••*

operators tt®imtm and af te* sales service will farther
possible per forp*^ of the ^

Question and Answer:

Dr. Rahman:

il:..-**-,*-

.Mr. Rossi:
" • I - • • . - •

. . • ' ' : • • • . - ! . ' .

f•":•*'•

Dr, Komolrit:

. • > > •

•• * • „ • ; >

Dr. Osenga:

I am not in the consulting business but it comes as a surprise
to me that certain equipment is utilized without regard to local
conditions. Shouldn't they take climate into consideration»
for instance* rather ifcan get into b ?

Of course ecruipmeht supplied to these areas, suph as • :'. •
switching equipment are utilized, but the performance of

units is a completely different story. It is sad but you
to admit there are too many failures of treatment plants

in the Tar t e s t to «ay that JÉ^J^OW what the climate
condition i s . ' ;; '•/..".;"'.

I think you are both ffôht. ftobiems do exist and eajmot be
s imply ignored;1

îhus treatment plants'.are in many cases disigned overseas.
I have discussed with Dr. GroBrbach and studies are extceme-
ly,expensive» Ifeey take a loàg time to acquire data. Once
theis is data, there Is again the problem of application,

I wouldlike ta^ointout one of the problems which we have
in «the developing countries: the problem of keeping the system
operable after it has been inatailed. We have experience of
some U? firms installing flotation systems in Bangkok and
after sales / we face the problem of the system not working
properly. Many of our water (Systems must have waste control
treatment plants. We have more than 70% of these plants
which do not op^j?ai# proper^ Jrttany due to local incompetent
operators, but tfie main problem which should be kept in mind
is that of importirtg parts. Firms Just sell their equipment and
do not have a programme of follow-up* Perhaps we can have
local representatives to follow up on equipment after install-
ation.

The same argument might be used about a year ago to go
where the problems are. This is why my firm was set up in
Singapore from where we supervise and survey this area and



Dr. Grombach:

Dr. Gsengai

and in our piiilôsopiiy, after sate» Service Is as Important as
the supply of the equipment itself. We have built Installations
in all corners of the world but we keep a tab on all installa -
tions and, owners can always, come back to us làr assist-
ance. It is also the reason why we have 9 such regional
organizations all over the world to take care of the install- •'.
aUons and if any installations breaks down say, in Egypt or
the US/ we have our own organisation to take care of it from

' a n e a r b y c r é a . ' , , V l ï ' : • •;>&'• >-.: \-*-^A:.: . ' :

I would just like to say one word. It ianxat always the fault
of the SuDDlier or the equipment but it is also the question
of m^intainanee»In developing countries the people are, by
nature lazy, and it is the task, oi fee manager to force people
to do good maintainance where it is possible .Of course It is
much easier to say the motor has broken down instead of taking
a scarewdriver to find out the pjroblemi So realty my friend from
Bangkok, you must agree It is also the *taek of the developing
countries to ask from the labourer to da a good job and do
good maintainance.

It is also part of aie duty of the dea^ner of the plant to supply
equipment Which is as simple as possible. His next step is
to train the operator^ which is not; a one-week job. It takes
weeks and months; and after that, if he still makes mistakes ,
then it is no longer the responsibility of the supplier. He must
leam why such mistakes ar« made and ^ to solv^ thé problem
ibf thé future. -

y . . I • • • • •
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WATER QUAtlTY- A CONSULTANT'S POINT OP VIEW
( To lead up to an open forum on water quaUly)
By Robert L. White, President/ Engineering Science, USA

ABSTRACT

Adequate quantities of water are essential for the social and economic well-
being of every country. Of equal importance is the requirement that the
quality of the waters supplied fit the desired uses for domestic supply,
industrial supply, agriculture and recreation. ''"/

In most countries there Is a direct relationship between the quality of drinking
water and public health; An unsafe drinking water supply results not only in
human suffering, but also in major costs from health care and lost productivity.
Agricultural productivity is also affected by water quality, particularly salinity,
and Industries have widely vatyÉg quality requirements. ; xi

Rational development of water resources should be based on providing water
quality adequate to meet the minimum needs of the water uses being considered
and on avoiding tftènnnôceéary costs of provieyfog waterquality greater than
needed.

: !r " ' • ' /

- ' ^ r - i i •'•-••. • . - . • : • « .

• ; ! , • _ • ? ;
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WATER QUALITY MAWAGJE&1ENÏ IN

fay Prof. (Dr.) Ariffin^uhaimJU; Dé#h> F a d ^
Studies, University Pertanian Malaysia, Serdang, Seianfor, Malaysia

|ritrodUCtiQn

by itself is pôt a :!$rpblem; "ï£ may not CSM*̂ « '^oUtttion. But poor use
' of resource is a problem, ùltiinatély ^U^ting' ,ott^ resources wbicH form the
bairic need .for all living things. In Ihis dasèth^baâiG resource irWAter,
which men have taken for granted as being plen|ifttlj|c>r thou»afl|i;^yta|»r until

' â S when we suddenly realise that ^ere is a ^
to consetv^it. ... • • : / . . :

::,-:'.'... ' ', ' : V ' ' . ';:; > , \ \ •.: ••.-•• ''. • • ' • [ ' • • ^ / • ' .,-!••. '^"- •

Polluted water xSôn still support some form of life^ and may even support a
stable ecosystem/but It will riof be fit for human uBllsiation water qualjlty ;
management is » therefore, not a mere ecological management; it requires tech-
nology, legislations and a national policy # 'tp ^bntro^. and régulât^ the many

f̂emandô upon this bask; resource, ; a ^ u^pn w**tch; mxtWdern
ha» p̂ut a'hëôyy stress» ^

. - • • • ' . ' ' , • • • • ' ' • • • • • ? ? ? ? % • : . . • • . • • • • ' • •

Problems of Water Resource Management in Malaysia

Malaysia has no national water resource policy. Like land, water is a state
matter, with no Federal area of jurisdiction/All the state within the Federation
have almost a complete control in the way they develop their, water policies
and decide priorities. Nevertheless, there are a number of Federal agencies
cooperating to manage water resourues within the states. There are, at the
moment, about twelve government departments, whose activities are related *
to water, with varying responsibilities andI overlapiplng tetislatiôns. Under
these conditions it is legally difficult to directly impç>se a Federal standard
for water quality management. Cooperations among agencies, between Fede-
ral, States and Local Authorities level, have always been stressed* and at
official levels these always lo k good on paper. In practice there have been
delays and errors of Implementations, generally for reasons of poor coordina-
tions.

In earlier days when pressure of demand for water for domestic supply, agri-
culture and limited industries were low, the management of water quality pre-
sented little problems. A state ma > still allow a small food preces s ing indust-
ry be established upstream, and the natural absorbing capacity of the river
would allow time for recovery of BOD load to be of no impact to a water intake

• • < : .
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^ fc& k^^
tHaf -.

^

' .-/''ïù-^•i.;vri..£r>--- y. !'if-;..--, . , ., .;,



directly and indirectly the impUcatiûn is valid practical, but the legal system
is complex and can alow down implementation. Inter departmental understand-
ing and cooperation i» paroiBount to formulate a working sy s tiro within t̂ ^
overlapping iegl#lâMv» framework. > Nevertheless> the Environm6rttffl Oaality
Act 1974 provides- a ccmmon legal basis to coo^àtnate all activities t>n environ-

oughout the country, and in coses whore there are confliet-
ino lnterasts between Federal and State Législature/the Federal Act wUl pre-
vail. ?

the control the Federal
promettgiiiat
powers to a Minister, who is

i an discharge are lon»Ufâted. To ase
the Act, a Division

a Director
of the Act, a

created in 197& under the provision
, Technology

to the F^derahOovernmewt oft pollution.
. not impinge State rofiponsibllities on such matters as the State

- Water Anactment to govern the supply of water f<ir domestic, aprl-» ' "' v • •
: cultural, industrial and other uses. This division fo Legislative Powers into

^ ;. , a Federal List and a State Us t is tiot inconsistent wift .the spirtt of the present
,<l Enyii^nfoental Quality Act 1974 to control pollution and regulate ertvi^^
v ; management; it provides ch4wks aiid balances to prevent abruptnes« end . : '.:

••< . { excessiveness wh^n actions »*«*taken, with of course the inhérent dangei* of -
.. :.;' ' bureaucratic delays, agaiJist which the DOE is being «aîeguardod. ' ;' '";' ': ' ' -

The main sources of water
luents; sewage and
pollution from the

in Malaysia are agrobased eff-

nts is consi
the first water^elatad lag lslatic^

most severe.
the DOE

A di»charge frora a pa|«t oiivmill generally conta ins e BOD load more than ;;; '
tfanes higher than that of ontreatod sewage, with figures quated rangin
,18,000 ppm to 25,000 p|3Ki, indicating the degree of severity of water

problema fec^ ly M«te|»te, esi>eciaîry if toeae mills ore seat^
it the country. The recommended quality standards for discharge -:
reguiauon for palm oil mills in tenns of BOD lo»d are still high- ':
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higher than untreated sewage (see Table 1), with the expected increase of
palm, p.U;ipiUs-fromvthe..j»esent:-i3l..30..-to...abo.ut'Ctottbl€ this figure tn 1985 (each
new mill with increased capacity to 30-40 FFB), the combined total of BOD
loà<| discharge iato our streams will probably bear no improvement to our water
quality under the existing Regulations; though it may be argued that the situa-
tion can be worst, if without these Regulations;

With regard*, to effluents from rujbfeer factories^ the prospect, of ait early
^a.Q^0n^^^r:.tha^i,.palm''|oU,' The BOD load from rubber is generally much
lower* â tid the recommended qviaiiiy-standards, of rubber waste discharge under

',.; the R^ttlation is .corresponààngly lower than those for palm 511 (see Table II
& Jl4> However, it must be pointed out that these effluent limitation stand-
arçls are s,ttU very high when compared to thé maximum permissible level of
BOD for aquatic life. Hence* wecannot really ̂ say that Malaysia will have a
fairly good waj^r quality after the>?jppÈSent Régulations have become effective*
.A1JL that we can&ay perhaps is that s^iiationwUl improve 6r will not get worst,

• • • • • ; ] . . . . . ; ; • : . • ; . - • „ ; . • . ; . . . • , . , . • . - - • • - . . * • j = - . ' • • • • • . > • • • : • . - , • • . ^ • r

.^iPres^ursR^ggoa j^e;4nd^striea^(paim: oil and rubfoôï) to reduce-thëi discharge
is J^ayy.» -tPatoi oil aijd rubber milla come under the Prescribed Premis|fes Regu-w
latiops 18771 where a mill must apply for a licence to operate/ and mîïls must
pay a separate fee ta dischargs. Forpahn oil &ie fees are $100/- per metric

of 8OJD; Jioad. above a pfenpissiblé Jim it, arid «ppliça ble throughout the four
t l i n o f s t a n d j a r d » a a s c h e d u l e d . ! /• ' —•• : " ' "':'':••, :^ :•.•'•; • •

.-In the f̂  Mrst year of enforcement Of Regtila tions ; mills were perm itted to dis *
• p^?jBo| thôirieffluent on land andlees were charged àt thé rate of $50/- per
,10.QO irfetr4c tons of eJEiueât diseased orrlandV1 It has been reported (Mahës-

..waraiit Ï&79) that ^ Go^lp»©^ GoWe^te^ a-tola I of M$ % i 500,000/^^ way
of fee$ during tfce first year ^implementatioft^ the palm oil Regulation.

Similar procedure of fees is enforced on rubber butas a treatment technology
is incoming available to meet the.&ta&dards, only licence feeç will toç charged

..and^wiii become mandatory f6r rUJ^r mills to conform to the stëiiSârds appli-
cable at the respective dates. ".-;••;

With the^ie high pollution fee* aew#ll as the granting of incentives by v/ay of
waiyer of fee sfor research on efflewrit treatment technology/ have forced the
industries to take actions*.. The impression one gets by listening to what the
industries have to say in public:fs,*thatoof optimism? the standards as set in the
Regulations will be met within the1 target period. However, when one listens
to the'industries in offiçeial circumstances there seem to be problems and

: diffiçultiefir privately it is known that the palm oil industry is working hard
to find an early solution. It has be^n reporteti (DOE, personal communication)
that Dus un purian Palm Oil mill in the State of Selangor, belonging to Harrison
.and ÇrosfiefLd Ltd*, has even achieved a BODdischarge^ of 100 ppm. from a



mill capacity of 40 FFB. The treatment technology used fcy this mill Is an im-
provement of the basic prinqApto of anaerobic digestion followed by a series
of aerobic stabilisation ponds* It may be a recommended practice where
much land is available.

The prospect of a solution to the poUution problem frcm rabber mills seem to
be encomaging. Research to find this solution has been actively carried out
by the Research Institute Malaysia (RRIM). By following good House Keeping
Rules as prescribed by the DOE, pollution loads from rubber factories can be
reduced to about half, and indications are that the industry may be able to
bring down the BOD load to about 50 ppmby using appropriate treatment tech-
nologies within the schedule period as stipulated by the Regulation, Since
the rubber industry is responsible for about 20% of our total pollution load,
this reduction in BOD will be a significant contribution towards a gradual
improvement of our water quality.

In indus tries, other than palm oil and rubber» technologies for control of
discharge is fairly knowm Hence, these are net included in the Prescribed
Premises Regulations 1977 » Plants established within the nonprescrlbed
premises category will need to comply to the recommended standard of dis-
chorge as stipulated in the Environmental Quality (Sewage and Industrial
Effluent) Regulation 1979 which came into fore© on 1st Jitty Î977> Hfc*tever,
if a plant is unable to meet this standard, the firm may apply lor licence to
discharge with fees imposed at the rate of $ 100/- per metric ton of BOD
discharged into inland waters within a catchment area, and $100/*or $500/-
(depending on the toxicity of the substance) per kilogr«m of toxic chemical
discharged. For any other inland water the corresponding fees will be $10tA
per tonof BOD and $10/- pj &50/- for toxic chemit^ls. In this retpect a new
control concept '^ ' te^t&cttf^^ stand-
ards- Standard A for catchment areas (in practice all areas above a water in-
take point) and Standard B for areas outside a water catchment, where dis-
charge fees are lower, (see Table IV).

Water-borne sewerage system have always been; in operation in the big towns
in Malaysia. However, until about the time when the Environmental Quality
Act 1974 was introduced, extensions to this system had been slow and not in
keeping with the population growth. When the system was then reviewed it
was found that only 11.9% of our urban population were using flush toilets
connected to the community water-borne sewerage system. The majority of
our urban population (44*3%) were using flush toilets connected to septic
tanks, and 34,7% were served with conservancy (or bucket system while a
further 9% (ma inly in squatter areas) had no facilities {Maheswaran 197 9)

During the Second Malaysia Plan (SMP 1971-1975) the Government started a
drive for rural sanitation programme including safe water supply schemes.
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This was,carried forward in th§/;Tè|:i$J Malaysia Plan (TMP lS76r-IS80), la
view of the problems faced ari^pperiences gained/ the Government has re-

rget to be achieved^pi rr$M/t so as to cover only 59% of the rural
^ b y " e n d oi the Plan period». In the meantime programd!̂ »."IbT finprove

SlÉitary system in urban areas.has been |n progress. In Kuaia Lumpur the
l system is being wi l l i ^^ flush toilets

connected tot&e cpmjnunity Mrat^b^ne seweçàge system. The City by-Laws
noiv require;private developers |#©o«struct a treatment plant with oxidation
ponds for 'a |iew housing estat^*t

The system can then be handedpvç# to the relevant authorities. Due to pro-,
blems '••|HRcf-difficulties the prpg^#§ teas been slow in the implementation of
communié watersupply and sewage disposal system in Malaysia. Some of
^ e fâaistraints have been lack of trained personnel/ poor interagency coordi-
nations/ tosufficient local productisa of materials, and cumbersome financial
framëwc^. With these shortcomings the schemes may be extended into the
Fourth M|lay;s{a; plan (1981-1985).

T*ti third cause of water ppUutipn in Malaysia is eillation» which provides
about ; 18^ of public complaints tp: the,DOE. Siltetion is due to a number of
activities/ such QS mining, land developments/ urban developments/ highway
constructions and logging, in many of these not only is the technology for
control available/ but there are also the legislations by-Laws for compliance.
Enforcements, however, have been vjeiy poor. In most of these/ the Ehviron*-
mental Quality Act 1974 has no dirept jurisdictions. A programme for effect-
ive cohtrbl of these source of pollution requires a multi-objective planning .•
for tegis'latlon and Enforcement/ in place of separate agencies/ each looking
after ttieir own interests, " ; ^ .;

•"V": '•

It is to be admitted that th.e progjffis«;;in water-quaiiftf management in Malaysia
is slow. The complex Leg i s l a t^
establishment within the DOB ai^^iite'Qf the, faietorâ that dp not allow for a
rapid development in environmental conlrol measures. There have been prior-
ities set in the nationaljarogramma for'water quality managements wft-ilë
J>ubli0 pressure must grow to exerÇ,influence for environmental concern through-
out thé country » This is best 3-aarânt«ed through i^^ :
i ë t i ^ a è ~ ^

^ Public reaction to
s; ten^ eavironraental situations have
Sucii eruptiong feay#,been prevented-fronni becoming big

politiéal issues by responsible cppperatione from ail cohcerned. Withift our
Democratic! System of Government# public awareness of environmental problems
can be a healthy force- to iMroraotè progress in water q ualitymanagôment.



Limitations of Environmental Quality Act jl9?4.:::V ;'".•'•"-

When the Environmental Quality Act 1974 was intioduced, water <|uaUty man-
agement was one area, where the Act will exert regulatory Control, However,
the Act must be introduced within an existing system àt thr-ee-tiér governments-
Federal, State and Ix>Gal AatÉorittea* It has been claimed that the Environment
al Quality Act 1974, which Jà/a-Tedjèral Act* provides broad fcowers for the
protection and enhencement of the quality of the aquéac environment. But*,
when an Act is evolved-w|tftin $ limiting constittitionai framework, the powers
of the Act cannot be r ~/asive and comprehensive to cover all aspects of the
envii^nmental dlir-cr^io^»without impinging on State rights and the responsibi-
lities of Local Autitwifries » It Is partly for this reason that it may not be ea* •
to Introduce Federal regulations under the Act to cpntroi pollution from non
point sources, such as. the application of chemicals in agricultural practices
and the dumping of solid wastes in authorised arid unauthorised lands ites.
The best that the DOE can do is to call for-cboperations and coordination of
efforts through committees to introduce non-statutory control measures in the
form of "Codesof Practices ", and hope for support lor funds t; be made aval^h
able for the improvement of various imeaeures for ënvlronhîental management;
and to consider environmental control as part of développent strategy, effect-
ing all the way from the Federal to the Local Authority level, which is now
b ^ t à d : : ; i ' ' ; ' ' : ' ' A

The concern for ènvironmetttal (luallty that ha * led to the introduction of the
EnvironmenalQualtiy Act 1974 was mainly insp^ed by economic considerations.
Since Malaysia is dependent lor more than 50% of her ecohômic growth on
renewa ble resources, envlronmènta 1 degr-: dation can threaten the continued
renewability of this resource. The main problem threatérilng the environment
at th® time of the evolution of the Act was pollution from industries/ jport-
icularly agro-based. Hence, the àpirit of the Act is malnfy responsive in
nature, leading to the j S ^ u l £ ^
c h a r a c t e r t o a r r e s t p o U a t l ^ a t l s o * t t « e * . •••̂ . ;•:;• ':' ]' " • • .- ;;. ,,••• :-:~

The Act is weak in areas of environmental management for resource conserve-
tion, and was introduced without the backing of a comprehensive National
Ehyironmental Policy. This PolicyAppears later in the TMP (1976r 1980)/that
really provides the basis for anticipatory type of environraen.tal management in
the^ form of ^wlronmental Impactsssessme^t Procedure ÇE&)# now being for-
mulated by the DOE. This EIA does not have the sjfrength of a legislation and
is proposed to be introduced as an integral part of & planning for a development
project, private or public, and as part Of a requirement^ for approval of a jjfo-
Ject proposal* The procedure provides sufficient.flexibility to be in harmony
with the countries need for economic development as required by the policy as
stated in the TM: (1976-1980). If there is any objection to the proposed EIA,
it is more on the lack of access for direct public reviews of project proposals.
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than on the lack of its Legislative powers.

Since environmental management must be balanced with requirements for eco-
nomic development, a flexible approach has been adapted. Hence, different
policies are generally adapted for diffejfent categories of pollution sources in
formulating various Environmental Quj&ilî  Regulations. After considerations
of the enormous amount of BOD reductions the industry need to achieve and
the current state of technology then available, four generation of standards

1 iUwere recommended for palm oM effluent* scheduled to be achieved within four
years (see Table I)i and tlfjS|e generation of standards for rawWtural rubber
to be achieved within three* years {see Table II), as incorporated in the res-
pective'. Regulations* The palm oil Regulations came into force on 1st July
1978- and the rubber Regulation came into force on 1st April 1 979i As indica-
ted in Table I and Table II & HI, I^ê limitation standards for diSefearge are
still far above the Maximum Permissible Limit for propagation of fish and
acquatjc life* Jn fact it is still higher than that of untreated sev^|ë» While
standards have been specified in testées of BOD v&kneèy other qualify criteria
will still need to receive attenti,0nr^E is quite r i^ious that thetlideoffs are
very much in favour of the industries/ as againi|tnê really acceptable water
quality standards that would be fitting for other filers ; such as fisheries and
recreation* Th#e tradeoffs have been recommënaed in view of the mitigating
circumstances against the industries, besides giving time for the industries
to find more lasting solutions. The approach has been officiallly considered
justified for short term contingencies against the prevailing circumstances.

The above arguments give reason to speculate that a review will be needed to
examine the effectiveness of the various Regulations that have been introduced.
There will also be a need to reviewthe existing Environmental Quality Act
1S74, and to find means of incp3rpoi«*ing those aspects of environmental
management which now must»fall under Non-Statutory Control Procedures as
Godes of Practice and Procedures^ and to encompass the broader concept of
Environmental Resource Management into the Act;

Water, QuaUty Monltorfos

to water qualiiy mariag^^|it^ithe,DOe hs« established â water qua-
lity monitoring' programme. Twd-B^ l̂iewtovhavé been adapted* Orie is by analy-
sis of water ppllutlpn complaints Ĵ om ths public^ and the s^dond is by physi-
cal and chemical analysis of samplôô ftom-selected water bodies* in impie**
menting this monitoring programme^ the river basin concept has been adapted
and a total of 65 river basin control regions have been established - 49 in
Peninsular Malaysia, 9 in Sabah and 7 in Sarawak» A report from the DOE
(Abu Bakar and Hilmi 1979) summarises the monitoring programme of 1978 as
indicated below, (Figures are for Peninsular Malaysia),



a}; ; Ttoikl number of river basins
b). Total number of rivera
c). Total number of stations
d)« Area coverage
e), Total number of samples taken

i n 1 9 7 8 ' . . . .".• . . - ^ ^ ^ • • • • • • • - • '

f). Covered monitoring frequency: *

-Number of subrprofessioaais .engaged^

„ v

3
208
29,933 square,
1^34

Otîçe à, iqbtith for 50% of the
stations^ Jhe rest is covered

?:;; ; > , /.A ,
The; criteria for seJtecjtipn of river basins ïor
indicated Z

as

a) * The Camber of iorpial pablic eomftla^ntf received frqm the rivet bastftv

b). The number otmbi^l^fôîlea and i^ in the river basin.

c). Thei siting o£a«̂ ^ industrial ©state within ^ie rivet basin

d)i Major development for example la-nd clearingt Me creation of new towns;
and resettlement being carried but within the river basin.

e). The river is of bénéficia 1 use to the popula tion, iiidlùâïhg irriga tion,
fishing, and domestic uses.

Data he(ve shown pollution pattern along certain rivers, as shown in Fig. I
for Kelàhg river, which is one of ttie worst polluted in ïyfpiiaysia;. The pollu-
tion ïèad as shown will require more than the powers p f ^ e present Regula-
tions to clean this rivey. When the river recô'vèrèf frohï ,i|» ?OD load of about
8 mg/iV twenty miles downstream, the level is stkll sïièhtly; higher than the
maxifeurn permissible limit for propagation of fish and aquatic life.

• • • ; . • • • • ' • • - • • . . • • • • . . ^ . , - ; . • , _

Analysis of complaints from the public serves as à. primary source of inform-
ation for planning the monitoring programme, and keeps a direct communication
open between.the Government and the people* The complaints are analysed
in ranking orders of severity according to the number of complaints received
from a point source of pollution within a unit time (6 months). Results of this
analysis show relative degrees of severity of pollution sources as follows:

Rubber

Pig waste

33%

23%

5%



Industrial - 20%
effluents ;

 : •••••:

Mining, Ear*^ - 18%
w o r k s , . , '•^i^,:,.-,. •- •

Q u a r r y "' • ' . . .

'O the r s ' .' ..... • -: . 1 % ,

A g r o - I n d u s t r i a l E .;..•••.-.•:
Effluents - 56%

(excluding pig
w a & t e ) '...,. ••. ..•- . •• , .

• * i '••••••

Research and Training

pollution control for water quality management is onlya recent
in ïyîàlaysia. In the case of problems from rubber wastes, Malaysia

has been fortunate to have an established Rubber Research InstttuÈè of Malay-
sia (RRIM) to carry out the bulk of research activities tor solving this problem.
Because of |tie4 fges to ̂ i&cHârgç beisg >ery heavy* the paltn oil industry has

^è9i"i5ôrryiîï^ their own resjearqh efforts> with eojns complemenitery activities
being carried^ out at tJÇje Malaysian Agricultural Reaeaich and ©eveloi»neritlJ

^ i ^ universiiie> and recently at palm Oil Research institute
ar« beittçr looked

1)» Biological treatment
2). Chemical/Physical treatment
3). and disposal ; . ; : • - -

5)» tïi plant processing technology , >. r

The Ministry of Science/ Te^HnôJ^^ and Envijçojiment has, recently designated
the Standard ar^In<lusd^aI Research Institute Malaysia (SIRIM)* as the Govern-
ment agency responsible to promote environmental research in Malaysia, but
funds for this purpose apa very inadequate and research grants to universities
are negligible* An effective national research coordinating body is needed *
through which ehvironmehtal research may be ^««erited for priority status for
funds to, be established ior this purpose. In the absence of this coordinating
b o d y r e s ë a s j r c h f u n d s w i l l h a v e t o b e a c q u i r e d i n d i v i d u a l l y w i t h l i t t l e e f f e c t i v e -
n e s s ; " " ' ,"''1v ''• :;. : " .','.. ..''••• *• ' ... ••.•• •• • • . . . : . •-•:":.



The training of personnel is also imperative in promoting water quality man-
agement* Most Local Universities give environmental related courses, which
are available to students doing various academic programmes in a University."
A programme of studies leading specifically towards an Environmental Science
Degree is available in Universiti Pertanian Malysia, whilç a degree related to
Environmental Engineering is available in Univers iti Teknologi Malaysia.
These academic programmes on the Environment are fairly recent and have not
produced enough manpowers to fulfill the needs of Government agencies and
industries. In the meantime. Environmental Control Office recruited by the
DOE have been undergoing on the job training, v^ile a national insenrlce
training programme for these officers is now being organised at Universiti
Pertanian Malaysia with the assistance of the WHO Regional Center for
Environmental Planning and Applied Studies (PEPAS).

Conclusion -

We believe that with the inftfoductién of Environmental $iiè»lity Act 104 a ]
machinery to promote environmental control and management in Malaysia has
been established. With, tills establishment we can hope to improve our
water quality management throughout the country. The process may be slow
and complex, but fchis demonstrate cautiousness si» that; eïprts Ipr en?iron-
mental qualify management and economic development dq.not negate each
other, -The'experience may-fe? t^3%?'ib'W'*l^s$#,^
tutional provisions within our Federal system oif Government, and pocial- • j.
political traditions. Nevertheless, we believe that our approach towards
environmentài management is stable and will lead to salisiactpjry solutions.
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Table I - Four Generation Çetaof

Parameter

Biochemical Oxygen
Demand

(BOD), 3-Day, 30°: mg/I
Chemical Oxygen Demand
(COD); mg/1
Total Solids; mg/1
Suspended Solids; mg/1
Oil & Grease; mg/1
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' j ; ' " • ' ' « ! ' • •

...

Effluent'Standard For Palm

Standard A
1.7,

,-
5 ,

10,

• 4 ,

1*

Ammoniacal**Nitrogen; mg/1 :

Organic-Nitrogen; mg/1
:pB:i::.r..: ••-. •. ' ' ' ,.

Temperature, °C .,»:-; -

•-v.V. r:

;;5.0

Tabla II - yhree Generation $ets

78

000
•

000
-
000
200
150

25

2O0 '^i;
- 9.0

Standard B
U7

2,

A,

2.

— • • — . . • , . . ,

5.0
• " • - . " • • ' • • - , '

of Effluents

,79

,000

000

SOO
800
100
.̂-iSj.-n:.'

- 9.0
45

Oil

Standard B
1.7.

1 (

2,

2,

5.0

Standards for
Conventional Grade Factory Effluent

,80

,000

,000

,000
600

75
15
75

^.9*0
45

SMR-&

Standard D
1.7

,

h

5 .0

• . - • „ '

.81

500

r-000

,500
400

50
10
50

- 9.0
: 45

Parameters 1st Genera tion , , 2nd generation 3rd g/enera tion
standards effect- standards effec-standards effec-
tive on 1.7,78 , tive on 1.7,79 tive on 1.7.80

PH -r.
BOD ppm (3 day

at 30°P)
COD ppm . ...
Total solids,

ppm
Suspended

solids ppm „. . ,
Total nitrogen

ppm
Ammoniacal

Nitrogen ppm

;"JS»O - 8>0

:i: 500
1,000

1,000

•-.-• . ,,250. ..:.̂
~;" •1.^-v..-iii..:...-

100
. • . . • •

80

6.0 - 8,0

300
750

1,000

,. .250 ,

100

70

.6,0 - 8,0

200
SOO

1,000

250

100

• : : • • • . - • • • • • • - 7 0 •
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Table III — Standards for Latex Concentrate rBctbtv Effloent

Parameter 1st generation 2nd generation 3rd generation
standards effect-standards effect- standard affective
tveonl,7.7G ive on 1.7,79 on 1,7.80

pH
BOD ppm (3 day

at 30°C)
COD ppm
Total solids #

ppm
Suspended solids

ppm
Total nitrogen

ppm
Ammoniacal

Nitrogen

6 - 9

450
1,500

2,500

1,000

450

350

6 - 9 6 - 9

300
1,000

2,000

" 8 0 0 " •*'

350

300

200
500

1,000

250

350

300

Table IV - Standards for Sewage and Industrial Effluents

Parameter

U)

Unit

(2)

(i) Temperature
(11) pH Value
(iii) BODSat 20°C
(iv) COD
(v) Suspended

(vi) Mercury
(vii) Cadmium
(viii) Chromium,

Hexayalent
(ix) Arsenic
(x) Cynide
(xi) Lead

°C

mg/l
mg/l
mg/1

mg/1
mg/l

mg/1
mg/1
mg/1
mg/1

(xii) chromium trivalent mg/l
(xiii) Copper mg/l
(xiv) Manganese . 'mg/l
(xv) Nickel mg/l

Standard

(3)

B.*

(4)

40
6.0 - 9.0

20
50

0.005
0.01

0,05
0,05
0.05
0.10

0.20
0.20
0.20
0.20

40
5.5 - 9.0

50
_ 100

0.05
0.02

0.05
CU10
0.10
0.5 ...

1.0
1.0
1.0
1.0
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mgA

mg/1
mg/I'

(xifc) Iron (Pej !

mg/1

(xkiiij • Oil and Grease mg/1

*>• ;"i'V-fs •':'-:.: '

(xxii) Sulphide

0.20

i.b

0.50

Not detec-
: table

liO

i.O
4.0
5.0

0.50

10

':• - • . ; • • ; • ' ,

Question and Answer:

Dr. Rahman:

Dr. Suhaimi:

By imposing a ttetrfsam fine ahove a certain BOD level the
industries n^y find>it economical to concentrate their wastes
and discharge tiiônv. Does the sewage from urban areas go
through some treatment process before being discharged into
the environment or i&it discharged without a*»ir treatment?

In answer to your first question on the BOD, this is in fact
quite unique in tem^bi palm oil anid rubber, iftie? ore * '
actually conceiïtra^ii* tù 100 tiïnes BOD load above th© raw
sewage. Because they are scattered, the pollution problem
is all over the country. Of GQvtêtà there are reasons why
these mills are n<?t concentrated to one area because they
have to be located near the palm oil source. There are- cuite
a few mills concentrated on one river b^asin and In fact one
factory was taking water polluted by another factory upstream.
The Director-General of the Environment Division had to order

With regard to your seooftd question, some of the untreated
séwageftfrtarn the baofcet^ysteth dbea go to the se& and this
affects thé waters around tiie state of Penang {Georgetown)
but the State Gowarnwent ha& taken steps to improve the
s«woge, system of the city. Recent complaints on the presence
of raw sewage around Fenang beaoh was also blamed on the
hotels whose septic tank s were malfunctioning. The bucket
system .iftiKL is being withdrawn. I was told that by the end
of the 3rd Malay sift» Pian (ends 19S0) the withdrawal of the
bucket system will be complete, but I think it will spill over
to, the 4th Malaysian plan. ^
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Dr. Osenga:

Dr. Suhaimi:

Dr. Osenga:

Dr. Suhalmi:

Dr. Osenga:

Mr. Ponniahi

Dr. Suhalmi:

Mr. Ponniaht

Dr. Suhaimi;

Mr. Ponniah:

Dr. Suhaimi:

When I made a calculation of your figures, I think it is cheaper
for the industries to pay the fine than to treat their water.

I would agree on that observation* Anyway there are other
pressures besides the fine. One factory which mismanaged the
effluent discharge drew so much protests from a village that
the Environment Division ordered temporary closure of that
factory until they corrected the problem. So there are other
ways of twisting their arms.

But as a general rule, for any treatment plant to be run
efficiently, in terms of power consumption i t will be more
expensive than4he fines imposed.

There are also other means like a paper mill in the state of
Penang where theJr waste discharge drew protests from the
famers and tiie state government threatened to cut the water
supply and it forced the mill to take action to install a treat-
ment plant.

Yes, but this is still incidental.

I was pleasantly surprised to read about the achievement of
the mill in reducing BOD. Is this the composite sample?

This is one mill which has been able to develop their tech-
nology to reduce BOD Joa,d to 100 ppm

Is this ppm based on the composite sample or on individual
?'1''

Oh'à lew -sampJôjffbut there is need for further sampling.

There ajreotfeer organizations doing research on palm oil, e .g .
Guthrie. They are basically using tile same concept.

So far as I know the best result was from this mill.^Others
were not very good* There was one mill owned by a Perak
mofér ftrip. They claimed•̂ l̂r̂ •̂ ©•D•:'Ji>?̂ ïl;:•SMrs lower than 100
ppm but-we have not checked this. We also felt that the
process had too many stages* I think the one that was estab-
lished at the mill we saw was the cheapest and quite simple.

Mr. Ponniah: A réduction of 99.996% is pretty hard to bel ieve . , .



'^;*'

Dr. Suhaimi: I tend to be optomistic that if one mill can achieve it then
•• • • s o c a n o t h e r s . , . ' . , ; ; • - . , .. . • ...•\^:.••'-,,, • : ,

'":.*.

Mr. Leongj in this mill, do they treat 100% of the dischaige? I find that
most ofthesei factories in^Ma'^'sja are.a.Q(if&JU^

part of the etrfitfptplant. As a result they are able to show
samples which are below 45 BOD. I believe your University
has made some studies on this. Would you confirm that it is
IQQ% of the effluent: passing through this

Dr;, Siïhalmiî We cannot, bepao^e we have pnfe loqice4Jnto this about 2

* . r , : m i • . ^ , ; , ^ . - . J - a n a e r o b i c - a e # o ; ^ * p f < i c é s s / " " • • " " • ' "

t'<4 •••;-;*atticularly f H i a ; p | iii Bab>^; We would have W yeiy

,,;

course

•'••",•::.• ".-; . ; ; ' . _ • . . • . .. •
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APPLICATION OF AEROBIC COMPOSTING IN THE DISPOSAL OF LIQUID PALM
Q L t W A f i T E S . . . - . ... / : ; " ; V . . . . •;• :•••:... : . [ r -.1 : : v ' - - . - . . : . , • '

by Robert L. White, Engineering Science, 123 West Hyntlngton Drive,
; Atcadia, California; ir,S;AV, &«jXl^ni#i^# bVR« Anderson

Introduction ' . / - • -^ " .[ . •'. .V1' .v . : . ' y.

The fis posai of liquid wa&t^sfro^ one of the
major water poilutldri control problems in southaais|»i|^la. The flow is large
and the crgahie stfèriçth of the waaie is sjuch ^ a t the application of convent*
iaûai.and-âdvônbed; wafstewat^r't^^^i'pilx^^S!^,r^ÛX^$iSit in an eîfleunt
quality which wiH; even under.,;&& ̂ ost dpt^l»t^ic^B<5^ts, severely tax
the environment. Present practice involving appiication of the waste to land
results in severe odor problems coupled with rampant reproduction of soldier
flies which are a nuisance ta jplàhÉétiph ;personne|, aitJ4 residents.

paper presents a hew concept lor toe management of palm oil wastes.
The concept biologicallytutilizes the energy av îĵ foief i%ithe waste to aid in

^ __ #;t&ér: '^ës'té ^t^éâra; yâ^e .̂ it i^ë >^%.jfi|jÉR§:-istablîizing thé
fëffeiïng èis^ê^iai ,i^tirlep:ts to thje plaiitatlonrfîoils from whence
This lafteribj!^ approximate-

ly 1 kg of potassium is iëffiovëd èom the sqil for'everymetric ton of fresh
fruit bunches harvested.

Tfee Palm Oil firpd^c^n Propels

Palm oil derived from the fruit of tiie palm tree arrives at Ifee processing plant
on stalks or in bunches from the fields. The fruit is first separated from the
bunches; the residue is suisequent^ incinerated, TJhe fruit is then mecha-
nically eoverfced to a siyĵ dtife'd palï? or rnash. The mash is then pressed, re-
rulting in the extrusion of a water-oil mixture. The water and oil fractions
are separated using a clarification-system. The oil is fiubsequently purified
and! v^ctïumrdï'ied to produce tiîë fjnal principal product.

A secoiidary pitsduçt, palm kernels/is produced from fee càfce which remains
after thé mash is byessed. The cake is iroken and the fibre is removed using
air classification. The remaining nuts are then cracked resulting in a mix-
ture of kernels and broken shells. The kernels are separated from the shells
using both air and water classification. The kernels are then dried and stored
a® a secondary product*



The principal product of the industry is palm oil* The palm oil b>eg;lns to
break-,down Rapidly into fatty acids as soon as the bunch is picked. Accor-
dingly, it is Important to quickly stop the enzymatic breakdown before sig-
nificant product is lost. This is accomplished in two ways, f#sttransport-
ation and storage time is minimized by «sing^aiiy relàtivéJy ^mall facilities;
and second, the bunches of fruit-are steam taseated Its soon aSitheypSîrèive at
the palm oil mill. The steam treatment serves to stop the enzymatic oil
deduction and ^ ;

Quantity of Was te waters from Palm Oil ProdUcffon

eacfe^kgv of fresh fruit benches
exist in fiie palm oil production pro

:

of; 0,v kg pf
,;Three main

ce?sr

fib)

(2) ]Jquld condensate from the steam pretpeatment ptôcéss

(3) Liquid waste from hydrocloning; of .kernels --

from Palm

oil clarification process produces a very strong wasi^v^iàH^ 7S%
of the total, therefore its characteristics dominate the total wastewater;flow.
TabJfe 1 presents typical analysis of palm oil mill wastewater. /

The lsrge concentration of potassiuiUv iron, and phosphorus p^peé
mineral requirements by ti^e palms, hence return of these ëï^m^hts to
soil in some form is undoubtedly essential £o continued productivity, .,r\

The ullteiate BCD approximates 75% of the COQ* Since BOD : is a meajiure of
bioderâdâble organics and CCD, total organics, it must be concluded that
the waste is almost totally biodegradable. : **

The waste has approximately 2.2% suspended solids. This constitute a thin
sludg|V Studies of this waste show that it is very difficult to effect solid/
liquid,separation. Thé particle size is very small as particle density is close
to water hence gravity or centrifugal separation has been found ineffective,
This same small size makes filtration nearly impossible because of rapid
blinding of the pores of the filter. For this, reason, effective application of
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the waste to the land is very difficult because these suspended solids also
b l i n d t h e s o i l p o r e s . ; : ; ' • > . . • ; ; i .•:. •• ' ; n / / - . ^ v , ' . . • - ; ••>•=;•• •' • • . .; .

Effluent Discharge spécification

Where palm oil mill wastes are discharged to ordinary surface water courses,
the BOD of the mixture of wastes and surface waters probably should not
exceed a maximum of 50 mg/1* ; . i ;

In a large stream, where there mayJ>e.I0ii dilation of the wastes, this im-
plies a discharge requirement pi 500 mg/I which represents 98% removal
from the raw wastes. Recognizing the nature of the waste and that a 500 mg/
1 requirement could only occur in ther most ideal conditions, it becomes very
clear that current wastewater treatment technology, both conventional and
advanced, is incapable of managing this problem.

Table •! - Characteristics of Palm Oil Mill Was te water s
(Fro»n various Sources)

Constituent Average Maxp^tin Minimum

PH 3.7 5.2 3.4
B O D c • • ' •:'2§ifJj$Q::~i "•••^^•••-'''::L:.35>:-Qfflft^^'"-- ' : ;- :- 8 / 5 0 0

COD 50,bjOO 88,000 30,000
. . N H ^ - N . ; : : . , ; . . . , ' ; . / •;••;- .•£?••#&-• . - • . . . - ;.y&:.-V.:. "'_ • 2 0 .

Qryàriic - N 6^0; 800 400
Nitrite - N 30 60- 20
Phosphorus-PO4 140 250 70
Total Solids 37.000 55,000 30,000
Suspended Solids 22,000 30^000 14,000
Dissolved Solids .|^,Oj0fr - 25,0=8® " 16,000
Ash \ ' 3,000 5,000 h$QQ
Oil and Grease ; i

K., l,6M 1,928 1,281
Mg '•' .'. ' •.-.:•• ••••. 2 9 5 •• • • ^ • - 3 4 4 ; ; ' : 2 5 4

Ç a - 3 1 5 4 0 5 ••• •••••• 2 7 6

H k : v " . - " • ' • ' - ; • '• ••• : - . , ^ - H • .. •••'•'•• - • ' • • • - - . 7 1 ^ - • • • • ' • " ' 2 9

M n ; . ; . . . ; " ' . ' ; ' : . ; / ' : . - . : 4 , : . ' . - - M : - • : . - . - . : '•:••• ^ • - : - * * 4 • '• '•• • • ••••••• ' ' 2 . 1

Fe/'""" " . . . . . . • . '••: J l l 7 ' L ' ' . ••• •. ' •' •' ^ • • 1 6 4 " ' . ••'' '• ' 1 1 7

Zn 1.5 1.8 1.2



. ~ O J

Cu ; 1.2 1.6 , .8 .
C r • • • • . • " . 1 7 •': . ..,.;••... . 4 3 ,:...

 : ^ V 0 5

Co ,05 .06 , , «04
, , , ; . ,-..•". • • . .. . -• . 0 1 • .. • • • < > • - - . : , ' ^ ; - - . . O 2 -, \ ;.;'.''.-'.01

Dis posai to toe Land
i_ Y j . , • - r ; ; •• ••••

Extensive work on land application of raw andv^nàerbbicaUy digested palm
oil we
ingst

pp
oil wâ&tè has been conducted . This work resulted in the following find-

(a) When the wastes are applied, soild clog rapidly . i
0?) R&infall washes out dikes and ca us es losses from the beds.
(o) Maggots of the soldier fly find the waste an ideal njediufti (l/2a;to

3/4* fly);. These flies create a large nuisance on the farms and :
i i ^ : " ' •;

(d) Odors >rje a serious probiem. • / r ,
(e) ïîbf shading caused by the••• trees ,̂ uihibljts diyi^gan,d

l o g g e d s o i l s , v •; -., •" ^ '"'." . - . ^ • • . ' ".>V:,,;.
• : I' ' ; '

The Ideaj

Ihe ide«l solution would be one in which no dis^ïarge* direct JOÏ iïiiijrect/
of palm o# wastes to streams would occur. AM-«utrients cofttainedtft the^ v ;

was fce«?a^ei- a nd bunches would, bet returned'. to jthe s oil. ; $ke palm oiî product ^
is esseritialJy aBcarbc^ydïète^ijutrte^tsu^^ afin the plant are '^
aj |$^a4 in the wasterwherèrétîurn of waste products is feasible, thé pïqnts -">M

will be in a #ear, state of ideal jequilibrîutn with the^- nutrients. Thé export-
ed product is actually riothing nxĉ e then water, ca r^n dioxide and sunlight,
c o m b i n e d i n t h é f o r m o f p a b n . o i l ^ ••• • •••• ••' ••"•••:'•. ^ ' : . , \ . ' i : ' ; r •*.•;:/,,;'; "; " .• '••"';r".

infrchieyinO;the

Palm oil wastes are not readily as*fe»iÈlàble into Ôie soil due to waste char-
a cteris ties,.. tight soii conditions, and abundattt raifi^ If the Wastes were as -
slmilated into the tops oil, the high carbohydrate content would undoubtedly
cause denitrification and a resulting decrease in the fertility of the soil.

(1) Guthtie fteseareh, Chemara^ Serembon

• " • * - ' : ' • - •
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Characteristics of the Ideal System

(1) The system would render all the wastes ideally assimilable into the
• ' • • s o i l . . • ; . •" ;. • •• . . .. , A - • " ' -.- /;-Av ,

(2) The system would be simple, not requiring extensive, difficult to
operate, sophisticated equipment. '^

(3) The system should destroy excess carbohydrates in both the
^ wastes and the bunches. :

The Ideal System

The foregoing description accurately describesi aerobic composting. Gth many
parts of the world, anaerobic composting of hitman and animal wastes is
practiced; anaerobic composting of these materials would probably not be
suitable for these wastes. Care should be exercised in not confusing aero-
bic with with anaerobic composting). ; ,.v

Com pasting

Composting as a wastes management process utilizers a biological system^

The factors that make biological systems so attractive in waste treatment
are applicable to both liquid and solid waste management. A few factors
are of significant importance. Biological systems require less energy than
chemical or physical systems? reduced energy needs* coupled with inexpen-
sive equipment requirements, make biological systems economically attract-
ive; biological systems have le.is ot an adverse environmental impact inas-
much as biological treatment processes are nothing more than carefully
controlled and accelerated applications of those that occur in nature; bio-
logical systems result in a more complete conservation of resources.

As with any system, biological systems have certaindia^âyantages.
systems are relatively| slovfjn accomplishing treatment, i . e . , exposure

..times are specified in terms ci several days rather than minute
Usually, aucb >y&$eras are.•"bMlJïy -̂̂ wJUiirites-i)ect:te> volume and Space re-
quîrements. gfcolo^ical systems a ^
t r e a t m e n t c o n d i t i o n s . - ' • • • : . • : • , • • ; . ; V ' . •.^'r'\: : • - • • •.•••"••"". •••••T- . ' • ' • ; • ' ••

Composting is a method of treatment which involves the biological decom-
position of the organic fraction of «olid wastes under çpntrolled conditions.
A basic principle of biological treatment in reclamation is the fact that
microorganisms constitute the active component. Therefore, the sucessful
operation of a composting treatment system depends upon exposing the or-
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ganisms to an environment indiïciive to a suitable microbial pppulatioa at the
^densi^f and ^degree of activity required to carrybut the requirements of the

• s y s t e m . / . • . , • • • • • • . . • • • • • • • ' • ' • : '

Çomjîosting operations consist 0. controlled taicrobiai reactions /yielding a
stable end product at a nigh rate. Composting produces a stable material
that can be utUl2ed|drejuvétiate the land.

Fungi and actinomucetes are a significant group of microorganisms in com-
posting* ffitkae these organisms are favored in the semi-moist conditions that

The ma)or microbiological control parameters for optimum compos ting include :

1. Temperature. Optimum thermophilic composting occurs at approximately
14O°F. Microbial decomposi^on proceeds at a faster rate at elevated
temperatures, thereby speedi*>g Up the composing procès g.

2» Miâiature. The desired rang© b | moisture cphterit is J^om'40 tp 70: percent
with ah opitimûm content of 5S percent » Ù6UI bonditions will favor

bacteria over fungi or actinâmtycetés, therély entiancing the rate of the
composting process.

3, Hydrogen Ion Concentration fpff). Satisfactory Composting occurs in a
pH range irons 4.5 to 9.5 wltf̂  optimum condition's at 6,5. This pH range
is required for optimal microbial metabolism and consequently, proper
composting»

• • > ; . > . * • . • • • . . ! . , . , ^ ; .
; ;

• - : • • • • - • • ; • • • • : . - • • • • ; • • • • ' - • ' • "~
 :

 - ; y ^

4« Natr|ërifcB. Thé desired carboriib nitrogen ratio is 40:1 while the optimal
" càfbon to phosphorus ratio is 100:1;̂ ^ Nitfogen ahd[Phosphorus must be

present in the compost at these ratios to ensure en adequate nutrient
content for microbial growth.

5* ;£^ï :lp$a ZQ vu* ft. 43* alr/dass/ïb of volatile compost solids
'['':.^smà^Èi^T éetobic biological iw&tsJbo&sm. , ^

timals*tf£m& area for thé 'i^B0$éê/to'' begin the dégradation process.

Çomcpstina

In thé windrow "composting sysîiëflà, materials to be composted are stacked in
piles which are usually arranged in long parallel rows or windrows. Such
windrows are turned over at regular intervals. In cross section» the windrows



are somewhat triangular, the shape depending largely on characteristics of
the composting material and the method used fear turning. The windrow sys-
tem has been used successfully for composting of a wide variety of organic
residues. In general, windrow composting Is relatively low In cost because
of the simplicity of the system, but it can also be relatively land intensive.

Aerated Pile

The aerated pile process differs from the windrow process in that composting
material Is not turned. AerobicooiidiUans-^re maintained by mechanically
drawing air through the pile.

til this process, liquid waste is mixed with a bulking agent, such as wood -
chips, which serves as a moisture absobent and provides porosity to the
material. The required ratio of liquid waste to bulking agent has been report*
ed to be 1:2 t o i î3 on a volumiftllc basis.

Following mixing with the bulking agent, the mixture is placed in large piles.
A loop of perforated drainage pipe is placed beneath each pile and connected
to a suction fan whose operation is controlled to maintain aerobic conditions
throughout the pile. Both size and quantity of the bulking agent must be
controlled to maintain porosity throughout the pile and assure adequate air
flow without excessive blower headloss, Detention time in the aerated pile
is reported to be about 21 days after which the pile is distributed to the soil

' o r s t o r e d . • • • • - • . . \ - X l ' S - •••' • ' • " . • • ' r : ' " : •• " ••;; '•..• - • - ' • • • < ' • : - ; | : - " - v y ' " : -

Mèàfaanlc&LClcmaastL

r Mechanical composting is a general term used to describe systems which in-
volve use of mechanized^ enclosed units desglned to provide control use of
major environraentaIfactors. Numerous mechariicatsyatems are available
on the market. While details of the: mechanical systems 'may vary, basic
principles governing the com posting process are similar for alt such ays tern,

Major desgin differences among the mechanical systems are in the method of
aeration. A relatively constant tumbling or turning action is commonly used
to provide aeration. Nevertheless, the principles applied to windrow com-
posting can generally be applied to mechanical systems. Since the turning

a action is usuallymoire frequent than with the windrow technique, the need for

a friable or porous mixture may be somewha^f^du^d, ^

Moisture in Composting ,

-"•-*..•. Decompositipn of-organic matter Is dependent upon the presence of moisture
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;

to support «icrobialacUvity. Permissible moisture contents for various
wastes ?res Its tedin Table 2r>.;The Values shown are related jtoi*ft&-structural
-sWér^^Qf the cpmposting material. Fibrous or balky material such as-straw
•or'wood chips' can absorb relatively large quantities of wajerrandfsHjĴ  main-
tain their structural integrity and porosity. .. ,.,\.:y^- ' "" \ :

Application of Composting to liquid palm Oil Wastes
• • • ç ' V - f r ' . . • ; • • , . ; ' - "•' " ' . ••{••' • . . . , . . , . • ; ' •

In aerobic composting, thé oxygen sbur.ce will be gaseous oxygen^ànd the
predominant species will be, ba^ieria^fungi, and actinomycetes. The de-
sired enyir^ïjmëïit Wili*Se a^moi$t porous matrix capable of allowing the free
flow 6f' '^#^g^^||^;tui^-^i,cQntS'ih the major source of the organic sub-
stances ' i ^ d l l l 1 ; A i V ^ : " : :

Various Compos ting

••••••* - ^ . . * : & } - . ; " • < • & • ' • - •

Content % of Total

Table 2. Maximum Recommended Moisture Contents
Materials'"' ;' . -' -::'

Types of Washes
. . > - • ; , • • • • y ^ * •

Straw ' V,
Wood (sawdust, small chips)

Municipal refuse
Manures
Digested or raw sludge
MWetM wastes (lawn clippings,

garbage, etc.) ^ r- • ' \ î V~: '•'""' "

75-85
75 -90 x
7 5 - 8 0 '

; 55-65
55-65
55-60 ,
50-55

In the case-of palm oil production, the bunches, presently discarded
burned, could be processed to provide such a matrix. The major problem is
to render the bunches such that they can accept the liquid waste.

The waste production rate is 0.6 kg/kg ffb. Assuming the oil and kernels
represent 25% of the ffb's, and assuming the bunches themselves are 50%
moisture, the moisture conterfc of the mix of bunches and wastewater will
approximate 72% moisture, or 28% solids. This consistency is too wet for
composting* Accordingly, additional solids must be obtained to produce the
optimal environment. This problem can be solved by the reintroduction of
previously composted bunches.

In order to make the bunch material hold water, it will be necessary to opti-
mize a chipping and shredding process. The chipped material needs to have
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a maximum of surface area» since water will be, held to the chipped materials
through surface attraction. Obviously, the maximum surface area will occur
as the material Is pulverized to finer sizes* Too fine a size would, of course,
prevent tile free flow of air essential to the composting process. Accordingly,
there is some size of (Shipped particles which is optimal for the process and
which must be determined.

in addition to achieving control of the consitency of the chipped material; It
will be necessary to determine the optimal recycle rate of composted material.
The total composting process will be as shown In Figure 1.

Heat Balance

As shown in Table 1 the Incoming raw liquid waste has a COD of approximate-
ly 50,000 mg/1. COD can be a measure of energy content. For common sub-
stances, heats of combustion are readily available; for these same substances
It is possible to calculate the COD* Using these calculations one can ex-
press energy available in terms of Kilocalories of energy par gram of COD
satisfied for any desired compound. Table 3 représenta such calculations for
some common organic compounds. As can be seen in Table 3 an energy yield
of 3.3 Kcal/gr of COD satisfied, is a reasonable value for must organics.

With a COD of SO, 000 mg/1 = 50 gr/liter, the total possible energy yield will
be approximately 165 Kcal/llter.

The theoretical heat requirement to evaporate 1 liter of water from an ambient
temperature of 25©C is 615 Kcal. Thus the energy contained In the liquid
waste can provide up to approximately 25% of the requirement to evaporate the
water. The balance of the energy must come from solar insolation and decom-
position of parts of the bunches. (If available, other solid wastes can be adde
added to the compost to supplement the energy requirement).

Table 3. Energy Yields of Organic Compounds

Compound

Methane
Ethyl Alcohol
Acetic Acid
Amyl Aldohol
Lactose and Sucrose
Glucose
Palmitic Acid

Energy of yield
ftcaj/mol

2.3 '
327
208
794

1,350
670

2,385

Energy of yield Kcal/gr
of COD satisfied

3.47
3.40
3.25
3.20
3.51
3,48
3.24



(1) ' The severe problems created jby the disposal of liquid Wastes generated
. _..._.. ::^i^m.;pgitxa,- oil production industry are e$tofrbk*ir: • • '.. -•;".;-;̂ î v>- ••'.- i-/;

(2) • The controlled use of aetOïdc.cornposting has the potential to âUmioate
the entire waste stream îiôw to the aquatic environmant. ' : .,

• " ' * j ? ' - • • , J* . • • • , * .- ' ' •''•' • • - . .
i . . . ' . * " ! • - f ' - . • . i " t • • • ; • • • , . • * ' • . ' - • • • " • * . , • . • • : ' • •

" ' • ' • • • >'<

$? ••T^gi^^Ktk^ liquid eHMient (parUcularly potassium)
• •

'
(4) The eilmination of thW treedtog material for soldier flies will: improve

•'^•(-^'iMto^ ..". • ' : ' ; : ^ j k i ' ^ ' - ' h ' ^ : v..••.'• : :••.••'•. . •

(5) A full scale demonslyaUon of this teciinoiogy should be undertaken as

Question fndAnawerj

Dr. The conclusion on your probiete seems to be quite over-
simpafle<i. You CK3ûoItwlôd that the problems can be solved

Mr. White* a, H o ^ in4ditAûlioy 4o.you think it Will cost?, It wOI take 2
iu.*y.,, ^ •*n»f^»f a c*»o|>pe3f an<* a tank mounted on a trailer. We are

about tertiary treatment with expensive'equipment from far
; : . , ; , away countries bat w e are talkfiag a b c ^ a p o p p e r mid a small

/3r tank mounted on « trailer.

Dr. Komolrit: My point Is how do you g e t rid o* the compost?
• • " • * • • , - • . -

Dr, Komolrit: Over a period this will become accumulated.

15,000 acres 4» . You can use it over
^ will have all the highniowered '

als that pr«»ently the plantaUons are buying, to put

Or, Komolrit;

Mr.

tbeir trees,.

Of H^m^you have © «là baîkfng material-
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Dr. Komolrit:

Mr. White:

Mr. White:

3 . ; • • • " ' U 1 . ; -

Osenga:

Mr. Ponniah:

Ear. O sengai

Mr* White:

Well once you feave to

. _ _ . I must say that the idea is one QÏ the best I have heard
about pàlm oil1 Èxt I think you over^estiïnàted some points
and one of the things is that at the moment a palm oil mill i s ,

•• •. i&>«rm.iitf mutait* ï:'é very ^lBO0^:j^$i^y^i^:.meëns tiièyii» «aratnej«nyy» a very jpau^icmis^pinai WIJWB.rawans uiwy
are supporting in their energy supply. When yûu take away the
their b^afic|^:^o«.feavAV:|o.|©ipl|.c^ t^g^by., SueToU which is

»use of the prèsent
V . S ' . , ' • • •• "• ' !

anitther headache for "the
energy crisis.

' • : ' - " l • '

of• :mvi is one oi me aexxcxences wrausfweawnotsnow c
the energy trade-offs. You are correct fa that we will be
depriving the mill of their energy. I think a lot of that power
will bave to be supplemented with gas or other material in
order to get it to burn. Secondly with the advent of the energy
crisis, the qeo^iar p&im oil is-glowing rapidly because
. palm oil can be supplementary; source ;Of energy. .

How much organic material is converted into inorganic

to that - Mr, P(ê>nniah ?,I don't Have

That is again important for the preparation of your water.

. . ,
 : • , !

. ..u

I do not claim \p have all the answers, We just have a
concept which is a better alternative than trying to treat
water because of the simplicity of the system.

Dr. Osenga: At the moment they are also recycling ashes as fertilizer,

kr* white':

Mr. Ponniah:

One o l the things we do not know i s 8*e effectiveness of the
a s h e s ' , • '. ••' . : • ^ ^ • • v - : ; ' V . - ' - ^ ' ^ : ^ ' " >

There is a scheme going on in Malaysia using palm oil waste
and appftring it to the land, aiw3 we have found that quite a
certain amount of benefit can bé gained by recycling it into
the land. I do not know myself whether the ashes Itself will
be as beneficial than actually putting back the waste product.
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Dr. Qseagas

Mr.

fcfr. Osenga:

Mr,

ïtiat Is what I do not know. One thing which has not appeared
in this study is transportation costs, You have to truck away
40 tons a day over 15,000 acres. » . .;

We made thosç calculation and tiie period Is not extensively
long. The problem in transportation is taking material back to
the outer boundaries of the plantation along with the liquid
waste andcjoing it at selected locations. One of the alternatives
is to do it at the side of the mill and Ixtng the compost bacfe»
The primary problem is hot getting down to macroeconomics
but to prove to mlU-owjgfirs ih$tfc it will work &tié lf-ït canî be
shôWnlo work/ Men I can assure you that the people in -thé'
pàlm oil business, being good businessman themselves, will
b e p e r s u a d e d to a c c e p t i t . ••• • . ' • •-••.'. ••:'... " .. • • • • ' v ' 1 ' . . ; " "

I w i s h y o u e x t r e m e l y g o o d : l u c k . M a y b e i t i s a b e t t e r a l t e r -

n a t i v e . V ^ H •• •-•••--*'•• "•" : ' ' •.'••• • :' ':i '.'. .."•

At least it'wil4/no>require a9.9S6% probability.

.'• ','•'•':. i j " - ' •

• - . • * ' . .
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T«E tTSE OF RECYCLING AS A WATER POLLUTION ABATEMENT TOOL

by Bas il A. Rossi, Asian Recycling Association,. Montinola Estate» San
Street,^it«:i \0fcfl* Subdivision, Bacblod City; Philippines; ^^f- ^

Use'cif Recvclino As À Water Pollution Abatement Tool
1 . * • ' . - • ' ! '

^

Waste '80 on the subject bfanneliâic recycling of ^Qii<i waste and is included
because we believe that Organic* Waste recycli^Rptoniy amoves serious water
pollutants in the nitrate production area (solid vy«ste, animal wastes, sludges
and human wastes) but that the major product of organic waste recoveiy a
blended orjgsn^ i^hemi^I fertilizer*^ also redubes |he jtltrate run off pro-
blem from irrigated areas and farmlands which are now deposited in lakes and
reservoirs resulting in excess ive nitfate loads, weed and alga 1 growths and
subsequenteuaxspftiçôtlon of the wal#r body. The secondary product is worm
meal a high protein value feed ideal for agriculture. ; •... . ;,

Whilst on this occasion^ I am concentrating on the use of organic recycling it
is also worth considering further benefits of the removal of other pollutants
by recycling» Amongst these are the recycling of oil and chemicals.

It is true that all waste must go somewhere and in Asia much of these wastes
do end up as water pollutants. They remain a very serious polluter of ground
water of drainage» rivers* lakes and oceans. The more waste that can be
removed by profitable recycling the less our water will be polluted. Thus the
establishment of recycling has direct benefits to Asian Water Management.
Water Management can do much to stimulate such activities. The establish-
ment of recycling centres in water catchment areas, the establishment of
waste exchanges where one factory waste can be utilized as the raw material
of another plant. The passing of laws requiring more recycling and a higher
usage of blended or organic fertilizers in water catchment areas*

Using concepts dating back to Aristotle and Charles Darwin, many government-
al agencies and universities worldwide have now begun to study the use of
vermicomposting (earthworm recycling) as a method of siudg© and solid waste
management. They are obtaining positive results.

The function of the verm icom posting system is to effectively and efficiently
turn bio-degra daisle mixed waste materials to a; Baianoétf consistent, high
quality top soil and provide for the production of earthworms. The materials
which may be used to form an acceptable mix'are almost limitless and include
most organic "wastes," 'industriel pulp and paper "wastes," cannery and related
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food processing "wastes, " manures and sewage sludge, and solid waste which
is considérée! an ideal worm feed»

: , > , , : ~ W ' . . - • : - ' - ' • . ' • • • • • • • • • ' • • • • • • • ' '•••••• • •• • . ' • • • " ' • • ' ' - '

Earthworks are also re productively prolific. Under optimal conditions» earth-
worm populations double in number in a ssixty-day period. This «Hows for
expansion of .the system and the use of earthworm^ as a protein supplement
in the food chain. • ,

The earthworm recycling system offers several important "plusses11

a method of eliraj^tin^,,the poUution ç
... ,_,__ are landfilled, burned* or dumped.at sea

."-• * It utilises these biodegradable niater4als in a folrnulatôd,, blendeiî mix for
••'*•••-d|ge»tiorv by earthworms. Th©f result is casting compost and additional

earthworms to be used prodi*c$£ôîy in raising food
Vërmicomposting completes the" process of recycling "waste products" into
useful commodities.

When êshs^dèririg large scale organic stabilisation operations* the vermicotn-
postîng system stands ia contrast to the less/efficient methods of conical or
windrow composting. Latter technologies of controlled aerobic decomposition
utilize only bacterial and fungal decay necessitating the use of air blowers or
machinery to turn the pile and thereby providinà oatygeri to the deca> organs -
isms» Vermibomfîosting is superior to these methods for the following reasons:

- Xurning'of the compost is minimised; the movement of wet material is less .

*• Extended forced aerationyof;tiie compost is not necessary, as the earth-
worm movemen t : S c%'^é^^^ r

- It Is usually not necessar to use bafk chips or extraneous materials to
prevent the compost from packing.

- There is no need:.ta,-maintain iiigh temperaturjesé ^Although a rapid temp-
erature' buMd-up is desirable for initiàtiiTg thermophilic bacterial activity and
de^&rOïiûg certain pa&bgeiUc.bà<«^^fst^ jïy. using verraicomposting nsethods,
the mairitaînarncé 6f high^temperëiu^|s^nëithejr necessary nor warranted.

JSarthworms radically decrease pathogens present in the orgacic materiali
The-environment and bacteria associated with earthworm

d of the c o l i i ^

Earthworms,1 in a proper mix, can digest large amount of pulverized fib-
rous material. This* allows cellulosic substances such as paper to be
composted more quickly than is pos'Sible tivrl̂ ĥ  conveatioaalmethods. Earth-
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.,: worms have the highest cellulase activity |

- A ptoi;ein-rich animal may be cultivated oa material once considered a
waste since pulverized aiid properly mixed refuse is a food sàurcë for
earthworms. Dried éarÉnvormuteal has an actual protein content better
than 60% and has a higher percentage of sulfur-bearing and essential
ami no acids than meat meal, Earthworm meal is comparable in quality to
fish meal as protein supplement, .! '

- Earthworm excreta (castings) are a superior soil-coaditibriing material.
Worm castings fà) exhibit low mïsture levels w&ichsilow greater water
retention, thereby slowing down ©rbsion when âpip3̂ <â to the s«?iU; (b) -

• i display a Bhatui«l timyrelease^ ^
I '•• period; and (c) may toe mixed and bonded with <3h>m;içal fertilizer, form-
•lag a casting pellet, for large scale agricultural cropsj resulting la less

:. " r u n o f f w i n h i g h r a i n f u l a r e a s . ' ',.'' .. •: • -•• ;;- V '••'':' • • - •;> '; '}y- •'-•

-1 Castings have a nitrogen content which equals or surpasses the original
nitrogen Content of the undigested food due to volume reduction end car*-

. - b o n : u t i l i z a t i o n , • " • .- -'''[''' \ . ' /:.•'•• . . '' ." .• -,• .;•-.-. ?-•

->• Earthworms accelerate th& degradation and stabilisation of various
This is possible because the surface area of the sludge is greatly increased

as it passes through the earthworm. Earthworms stabilize sludges as much as
two and a half to five times faster thanother methods. Earthworms return
organic, wastes to ttoe eco^systeffi in a safe, éâne, and easy manner which
is completely harmonious with nature.

Castings are the end result of the feed (waste) taken in by earthworms; they
are the fece of earthworms. Earthworm castings are fine cylindrical excret-
ions containing a considerable quantity of humus and are the finest (highest
quality) top soil produced by nature.

The quality of castings variés with the type of feed or wastes being fed to the
earthworms. For example/ earthworms can digest low nitrogen, high fibrous
organic s'ybstances like straw and paper wastes and will produce a good soil
amendment, but an overall low quality casting. On the converse, earthworms
can digest aerobic sewage sludge which contains 4 to 6% nitrogen and the
castings from this source Will be of Very high quality. The analysis of castings,
although variable, show àiii#h soltjibj^ calcium* potassium, sodium and phos-
phoric acid content. Most of the nitrogen is in the organic form as mucopro-
teins, peptides, urea* uric acid, aUonton, and h umic acid; the remainder as
ammonia and nitrate nitrogen* .

The recycling system designed; by the Japanese.Aoka Sangyo Company produces



a high qualify casting having à total NPK content (dry weight) above 3%, with
some castings above the 5% NPK level. In sxmeareas of the country this is
hî h;i£&ou#h to be considered a fertiliser. The castings have a high cation-
exchange rate with a carbon to nitrogen ratio under 20:1; excellent for good
plant assimilation.

The entire àcj granular composition of castings is under*4.0mm«, with over
50% of the dry castings uader 1.0 mm. The AOKA earthwonn castings have a
humus content above 20% (dry/weighty of which better than 10% is humic acid,
The hunrtati^portion of castings is responsible for stabilization of organic
matter, binding of water to slow leaching, release of water during drought,
and binding of metals for appropriate plant use» Humus also act» as a nitron
ĝ njE0cy:iQ|ying sink; it imparts a good texture ainfertility to eoilrdue to pore
space and tilth and> most importantïy, acts as a plant growth hormore stimu^
lant. As such> castings are indeed a favorable organic soil amendment among
gardeners.

castings hàv^â^de^it; lower than most potting soils due
to the f Joe porous structure permitting Mir entrapment. Transport^tio-n coasts
a r e " t h e r e b y , r e d u c e d * ;"' -,, . \ > : . ""y;' "'/.•"... ' . • '••, •.-;.;•.

due to the mineral, nitrate and high frumiç acid contentioust be
mixed 1/4 to 1/2 with>low natrieiit materials for making a good potting soil
medium fo#seedlings and house plants. For stoil amendment fertiyaer usage,
castinga are seneraliy applieci at the Bate "gf 1*0 to 2.5 tons pejr
ing -upon soil aa^ ehvironittental coridit^ons, aod the crop growiu

Earthworm oastings are also vary unique in that they are protecl»<i by a perit-
rophicrmeiffibran^secareted around the castings,jâufing egestion» This mem-
brane afeis iïï^the miriéràlisîatibh sindtirpe release nature ot cas tes» . The
eartftwtasn comminutes the organic matter into; very fine particles and as such
freçiï><»8tlng*bavè ^ver^ h ^ h ^ ^ J ^ ^ microbiai activity feas
been greater increased%(© to ^ « " à ^ e a s e in the surface area.

^ | fun?!, Actinomvcetes SPD, and cellu-

out earthwoims. As suc*^ the Qorflrwbrm'castings are the foci lor dissemina-
tion of the beneficial microorganisms. ,

Thu* i t ^ ^ i t e , evident th^ l^s t i^sh ip jd s great potential for g
Their f s f ^ j ^ i m a r k e t ^ u » ^ Sajgs^range from
bulk tonnage Qjid large cubic foot packages for home gardeners# to potting soil
supplements in two-quart a iaea, Castings can bô com bined and transformed ...
with cfeemical fertilisers for modern!^i|^e^scalef fartning^ holdin© a gjfv§at pro-
mise for .the future, ...
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Three major earthworm casting products are available f#r marketing:

- Bulk sales) as soil amendment for household and small farming gardens•

- Nutrient component iirt potting soil.

Castings pelletized with chemical dertilizérs for modern farming opera-
• , . . • • t i o n s . •• •• • " " • . • • ; • • . " : ; ' • ' ' '.: ; . ' . .

.» is this last product that ÂÔ&A if eels will be the agricui|u*ai fertilizer of the
f u t u r e . '• • •••• • • '• •'- •""- " " • ' . ' • ' . " • , . ' • ••.; •': ' .'''.: / ' ; • • ' . • / . ; . , ' .

^ | is listed a brief s^raaiy of fie major reseajrch repaits of f ^
V©nestings to the lï.S^î^iïsoIficluièd are the research excerpt and land ttests

of the Japanese casting products*

Excerpts from Edwôrds abd Lofty, Biology of Earfowormf: Chapman and
Hall. The reports in the book indicate that earthworm castings have a
higher bsse-exchange capacityi with more exchangeable calciumimag-
nôsium, and potetsium, and available phosphorus than Soils without

• earttiworms» The overfall evidence is that earthwotms make more mine-
ral nutrients available for plant .growth, which is important for improving
soil fertility, than soilsr without earthworms*

' • • - . • : • ' : • ' • ' • ' : . • " . • • . • • " • . • " • • " • • " • - • ' ' • • • • • • ' • ' • • • • • • • • • ' • ; u . • . . • • ' r ' . • ; , ;

- Studios have shown^at addition of live earthwj-pms fa garden soils tri-
creased yields of peas # oàts, spybeans t çlove^ and ©the* crops; over
similar fields without additions oriive «arthwormja.

Mictoorganisms of We ÂtttfuxÇyÇes SDD> and StrePtomgfofes in particular
have been fountf in high concentrations % f^
their antibiotic effect in reduclfjg :t|e.;no^a:c4d^tfc;pt^«|ilc'kia>o^^ •

has been observedt ;^idre)ii||i act |y l^ inc|eaàe#p to a thou-
fold while passing tto$^^ : -{i:- ••• •„:>•:

Earthworms and Wheat Yieid^* 'from ^ ^
in Sludge^Treale4^^ :w^i| : /^^orms^ :

•- ;V.:?!-;-••„, •!•':.••;.::.: :ÏV-^['^"

In her experimental trials she used small pots containing a "sludge treat
ed silt loam soil," some with earthworm? and some without i Wheat was
used as the growth crop. ïfër results.iiiidiccte&th^fte sludge
«oil With earthworms co^aiû^vmore extra eta t>le minerals and had

.. . V
îon ôf.fthimai^Waste by Lumbricus tfirreBlrisîy Journal of
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of Dairy Science, Vol. 55 (1972)

^ study, earthworms were used to digest cattle feed lot and dairy
"ftarture. The resulting castings were analysed and used in potting soil
- t e s t s . -••• ' ' "" • " " ' * • • • • ' • '

"The excretion (castings)^^pf&ë earthworm was a loose, friable humus -.
^ ^ »oil conta in^ 3 t b % n | ^ e n (dry •weight) 0,32% P and 0,4% K.

"One hundred flowering plants were planted in the worm dirt each week
for 12 weeks. The sarn^ nùiçib r̂ was planted in trie normal soil mixture to
'.serve";asvéontrol. $ix pairs of each 1Û0 plants!were put oa a .common

;^éâringsystein. There was iio difference in growth rate, twit the plants
in the worm dirt had heavier root systems, À panel of four men subject-
ively evaluated the six pairs;pf each 1Q0.plants which were on separate
watering systems for growth $ t e , root sy^ number o£ blooms per
plant, |he plants in the worm 4irtrequired^ mqre water, grew faster, and
liàa^arger root systems and more blooms, the nitrogen content dropped
from 3.0% N (dry matter) to 1,25% N during the first 3 weeks and then
down to near 0% during the'next 3 weeks. This indicated that the nitro-
gen was readily utilized by the plants and that it was availably to the
plants over 6 weeks."

I t i s i n ^ p a n V ^

Ltd,, ';çïfjçh$b{i Chemidaf Co,, iid», an^ field test plots done by thê ^Tokyo
Agricutoràï University and its re,teteâ testinçrSffelipns that most of Çhe convins"
cing evidence fox lar^0*s<uale tiâë <i?f castings;and their true agriculttjjral
can fee seeiV. The castings wérê Ufi$Ï3(directly;t on small and large farms.: r

The Japanese companies product ^

wSpJriçh," bagged

If* castingis l^ppttitng sojUL,
• • • - • • . • ; • / • . ' • ' : ' ' •" • • • - . . . • • " * • A . •'.. . . . • • • • : • . • • ' ' .

fine^sc^ened eartttworm ces tings
from "Soirich^c^mically bonded,with chemicaliertiliz^rtp'form à cast-
ing pellet s{readâb^;.b^..;.iarge'''l^ning implements.̂ - (e.g. , a vegetable
No, 1 package^ beihçri8*;8-8-24; 8% Nitrogen, Phosphoric Acid, Potassium,
and 24% Soiriçh)* ^iost of the "Soirich" i^ tÉed in this •processv"'. Over '."
2,000 tons a month of1 the transformed casting* peiiets are produced* ;.

In brief summary is tile"Soirlch ïejÉÉhw%riïi casÈïrtgs) Composition Tests,H first v

report, Tokyo Agricultural Univei^ifcy. tfrans., Robert Kono). .
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. "A pot test was done on the relationship between thé ejects.pf phospho-
ric acid and the drained Soirich, and thé effects of tncfeasinçr fêrtiiit>'
through the absorption of phosphoric acid* In comparison to the contrast-
ing portion, the Soiriçh fiortioki was greater In t^rmà ̂  fJ^Mi ^ilw
"above surface" category» it showed a 13% increase on rice seedling.

As to the analysis of the yield, the "above-surface phosphoric acid"
section of the Soirich portion showed remarkable increase? potassium
also increased slfghtls' (i,e« rice seedling and plant absorption analysis
of material)/ ,.; .\.

-Soy bea ns , effectiveness of âofrich in ra is ing çfopsy §ûd tes ts at the
tofcyo Agricultural Univers^^F testing Station* éoïi fce&ility Division,

Noboru ; ;'~v . « 7 • "/ i: '" '. :
 : \'\ ':. . '' • • ' , • ? > /

t h e Soirich was used as ft fertilizer with proportion of 30% and 10% mixed
with 3-10-10 fertiliser <3% Miépgeni 10% î*hô$ phoric Pentaoxide t a nd
10% Potash). Composition i M4és. 30% mixture composition 2 was the 10%
^mixture/'. • ' • ' ' ' ' ' : " ' • • ' . . ' . . ' ' . '.. '. • :-- •' '•''

T e s j t R ^ s u f l t s -.'''."•'• " " ' ."' ' '. "; -" , ' •' • .' :

In the beginning, the growth rate was good and the jpdants flourished without
showing signs of toppling over. In proportion of yield, <?bmposition 1 at 3-10-
10 30% Soirich was greater than composition 2 at 3-40*10i| $oirich. the
Soirich al©ne was greater in yield than tKe contra^tiiig sëçjtibn of 3-10-10
aigrie. Tĥ e yield in fruit weight percentage! the Soir|G^;àïone was 2% higher
tftari the contrasting^section, and ôooîpositipn 1 {3-^-10^30% Solrieh) was
24% higher than the contrasting section and composition 2 (3-10-10-10%
Soirich) was 12% higher than contrasting section.

Chinese Cabbage Test Results wereî ;

Soirich of 30% mixed with 16-10-14 fertilizer increased yields by over 42%
than just contrasting section (fertilizer) fclone/ ïfee 10* Spirlch with 16-10-
14 increased yields by also 42% over contrasting section»

G r e ^ n S o y b e a n T e à t R e s u l t W e r e : • ';.. . . , . • ',.•"'" •:!,[ . . •/•;:..,,.-..,

Soirichat 30% with 3-10«10 iftclSaaèéd̂  yields by 20% over contrasting ôectlon
(3*10-10 alone) and when Soirich was used alone the yields increased by 10%,
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The résulte of the crop-raising lôste overall indicate that earthworm castings
produce 1-jréétèï yields than usual compost substitutes and can b© considered
an effective substtitute for compost* ; i s$ / ; earthworm castings alone equaled
or otmn increased fields over the contrasting chemically fertilized section;
and; earthworm castings transforjiieti^with" chemical fertilizer, in the 30% com-
binations, increased yields between 14% to 42% over the contrasting chemical
fertilizer s èctioris » v

Therefore^ Câ tdUigs take on a value at Jeastequal tothe local price of fertili-
zer ari^ in"jfa^n blended f e j ^ 20%
over chemiôal fertilizer.

This we believe such a system offers Asia an4A«ian and profitable answer to
itâ organlè solid wa ste dis posai : problem. '• V

Question and Answer!

Mr. Rossi:

Dr, Komolrlt;

Mr, Rossi:

Dr« Komokit

, :, • • • • • * > ! , :• ' ' . . . I . ' ' '

You have all visited the (ftsia Aquatech '80) Exhlfeitlbn; What
were your impressions of the Exhibition? '

I paid 2 visits to the Exhibition and Ï found It quite tnfqnn-
atlve becat»se it ^composed bi various '"equipment and 1
think we have not been able to get hold of much of it.

Regarding the people in the etahds - were they able to answer
your̂  taestlons? We were talking of sales back-up service
yesterday. Did..th« exhibitor know Asia or were they working
through an agent or was he jas^; working in Singa pore ?

In roy aptek»v-.l.4btnk the esdteibitors are their own reiaresent-
atives. they know their products* we'll but did not know how
well it ««n be #ada#ted to th'a ifisc l̂ condition. They are new
to the area and they-did not know aie constrainst of the area.
IÇĥ r just k»««*$%^ but they have not
studied in depth what are the cost, constrainsts or handicaps.
They think it is eaey in Asia to get mechanics to correct any

^ ^ t ^ ^ | | j ^ :
; t t y - t o ^ ë . - t h d r products in the develop-

countries thoy will have some problems because they
have no

I think they 4l^#Bt:-1»k-e m* $&&$ seriously yet. I think to
make a ;0ood i»àr#ê |? they h®v# ISO exhibit themselves and at
f^»tyjou>4an«i^*|^ct to ^feaiwi they Will have to take the
initial .lo»s©*4:.3iÉii^:^:à6tt(è|B''-iS^W thai you need capital
Investment and I think they have not taken this risk yet.



Mr. Rossi: What is the next step from there? Where do you go as a
sai^s organization to get knôwledge? Ûr. Osenga?

p Osengai

Mr. Rossi:

Dr. Osenga:

Dr. Suhaimi;

As a sales organization working l|i the isr East/you have
to learn the hard way by making IÛÛ mistakes, That will
take you as a non-Asian company a number of years. It is
the most natural way to do it, learning from your mistakes.
The next step after you have learned your first lesson is to
go to the cities and stay there long enough to discover the
real needs of Ôie people, Try to understand their way of
thinking and marry that into a proper solution t$ the exist-
ing problem.

Here we have an extremely rich, market in.Asia arid here we
have new c ompahies which spend enormous amounts of
money on research in their own côuntrie&v Ar& they willing
to spend large sums on lçqal iesearch t® oiganJteè, install,

• a d m i n i s t e r ? :• '^ ''''-,.'•' : •: .. • . . - ^ . r - - • v

speak for other countries but my own company spent
here and I would continue to spend until my 50th birthday.

When I purchase equipment I.Jta.^3 criteria iii mind:

1, -ftte ^qalprtïent must fas reliable;
2, Ifaë price should be rea«ôi|aîiiô; | ;

3, Aiter-sales service

After Iget these 3 , then in tfee Jbendef
because we do by tender. Whien^
service» most oi the <^m^n^^ '^^ .h*^a | tè r u sà : lës service
for one year, after that we enter iijto»l» service agreement with
the company co©c^ned* Cuite a few* ci^njlanies are doing that
in Kuala I^pjui* a«d those companies Which do not have agents

^ à ^ who. can séfid their experts to KL

p ^ ^ ; ^ i ^ ^;local agents in
Malaysia itself ;. .tliô/'loc^l a^é«te"'u#i^|i^%ivé advice to the
companies concerned ctfskH3aipjrobte
the personnel prOïperly theh they wUl^é^proper advice.
Of cburatet that if ^\-pç^tâ^èî-'ji^i^m';^:ikm$'oé
I would like to give an example of the rubber Industry* In
this induatty we have well established Rubber Research
înstitwte •,# Maiiy»4a> Vl^eA^t çomës tcitessarch of cumber

! ' •
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Mr, Rossi:

Dr. Suhaimi:

Dr. Iiu:

effluents , most companies gives funds to cany out the
research. But in the Palm Oil Industry, there was no such
institute until recently. They call it the Palm Oil Research
ins titute and even at t his mom ent they do not ha ve perma -
nent building. So most of the companies like Harrisons &
Crossfields do their own research for the oil problem.

Oae ommissioti in your 3 criteria. Whose words do you take

this is where We sometimes face problems because when we
want to purchase certain items we make specifications and
usually we borrow one of the company• s s pecif ications and
modify it to suit, our problems. Usually before we do that
we consult the t ^ a l agents, K ttiere are some equipment
presented in our University or ûistitute we will go to find
out the reliability of that equipment.

We bring in tiie jproducers to aie Exhibition here but ha ve
we brought the purchasers ? Amarket has to be met by 2
purposes- seller and purchaser. For a developing country
thus purchasers are not individuals particularly in regard to
water control equipment. ïhesô are government officials.
At the exhibition I did not think file government officials
were presenu Î doubt how successful this Exhibtttoi can

Mr. Rossi:

Dr.

Dr,

The specifier has not the authority to come. This is a short-
sighted policy but it is the economic policy of the countries.
It does nofc affect the future of the country. On the other hand
if he came, can he get the answers he wants ? Notwtthstand*
Ing lite financial constraints, would there not he Certain
advantages for testing the equipment locally?

There are m^^ngpgpitries inLthis^region Jike Malaysia where
we have the S<s*âdèrd$ & Industrial Research Institute. From
there it can be introduced to the market but not enough ,
;pe]bpjfe use i t , , j

You mentionedreliability, finance and after-sales service
criteria to decide which system to choose. We as the supplier
supplier in many countries face big problems why at this
conference you don't see government officials. I do sot
want to Insult anybody but many times we have the feel-
ing that they are extremely self-satisfied. In Malaysia
you have a very big organization, JKR. It is impossible
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Rossii

Dr,Osenga:

Mr. Rossi:

Mr. Paria et:

to offer anything on their attendance»fhey do not accept it.
The system may be .much cheaper, much more reliable and
have a better purpose but it is stiil not acceptable. It is the
same tn Singapore as in Malaysia, the Philippines,Indonesia.
About six months ago, we had a project in Surabaya for a
very big sewage plant. There was a consultant and that
consultant made mistakes in his study and the plant could
hot work. I was admitted by th^ eonsuitant that mistakes
had been made but the report was ready and the. government
did not accept any modifications of the design.

You are saying people are using the consultant's decision
rather than consider the suppliers' recommendation?

They are tied to their designed system rather than to use
somejthi|ig

It is true; in our industry the same thing can be said. There
is a book and ̂ iey go by:.âtë!'èoâ.ic.^iSEtiè:c6nsultaAtls#' in
many cases, the specifier,not the client.

In some countries, you are not allowed to change anything .
If you toll nj^ who the consultaitt is , Î"will tell you who will
get the contract. But in a lot csf file countries I have great
difficulty to convince them Uiat i t is not in their best interest
and I always put a clause in my contract that they am not
obliged to accept it.

m?

TO M *

Mr*

Rossi:

fariset:

Rossi:

•tu

How many of yoiff companies contracts are with aie French
Government and how much vrfth other countries?

' 80&ofour ié^^éi^'-^nd^,-'lz^:-:-''l^'\'^'

Usualiy they are getting the wror^ thing because the
Consultants they are getting are Worn â&>ad and these the
government reiy on.

;'-'• Mr-; Pariseti, , ". Being a consultant; î cannof follow you Very far on this line
. , Ï work mostfy in France.and Canada, My thinking may be

biased,but basically there are 2 lines and the basis is
-. political and adfiiÊrtistrativei \^ I

Mr. Rossi: Whatsis ifee tta^nd; tiîere? What is happening in Asia? Is
V :„ Asia going to rely on consuJ^hts forever? In a peer

• •:••< group many: of yo^attehded th« same universities in the
U. S •, whether Asian or not# Some returned and take up
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directionaliposltions, few became consultants. Back here
you meet on différent terms, each telling the other what to
do- one a consultant, the other taïking from directional
positionvWhy Sire thète not more Aèlan Consultants? I am ,
a consulténtr^aïn talking against myself. We are talking
here of meetings Of consultants and specifiers and if you
boil it down, K 1$ a horriblemess. We have a water quality
conference- we move into equipment - we come back to water
quality but who wants to know? That is the point. Otherwise
we would have 300 delegates and a thousand exhibitors but
they are getting Ured of not meeting th • specifier.

As a person bWrpEnX ĥina,̂ ^ ormosa and now living
; in the US, Ihaw^'iôfaservéà some basic problems here. In

the US or European;^biïrilr|ô^.f We do things differently. But
the difference has not beeri well accepted by the people in
Asian country» ^ Where
asih the US we tr§ to bring suppliers and consumers together
so that they can exchange ideas, it is hot; only the supplier.
Unless we carl being the consumers and suppliers together,

• this conference *iH be a waste 6f time and money. Unless
:; we can find out wfcàt the Asian developing countries want,

. we; cannot markètfnpi' can there be technology transfer. It
!̂ will continue to be; one-elded arid ho tangible effects can be

; x expected. Cattw^ try something Out in the next conference
; ; v and try. tb get information out to the developing countries,

* ; particularly people who make decisions for purchasing equip-
\ -^ •'••• m e . r i t ? : '• • •'•;.;: • ' ; : • ;r ' [ ' • " v / ' • . • ' ' . .

Ht $ RO88l: I^is Is; what we ht»pe to achieve by the formation of a Water
; ' :':':;:• ,- '• a s s o c i i S t f c j n . . ' • • ' • • ' ^ . - - r • / ' • • • '"'."'" ' ••''.. •';

The Asian .people will not neied tfeë Westerners indefinitely
; I feei that I have done iriy job;jprôpeiriy.and in 5 years1 time

tfeéy will not J^<tme anymore. That comes to a completely
different point. ^Sat they aeeij is education. Not educa tion

; oft how to ^epetid|i^orê on the forejferiers but educ^tton pjci, ;
Kow to «tepen^ lei^^oiî foreigners. Let them design their
own solutions' foriKèlr own prpblenis. I think i,t is a much
realis,tlc approach. Personally I thinit it^s even much
better that my company is ruftfcy local chaps who do as

. good a Job or a better job that I can in a few year's time.

Mr* Rossi! Jfm will not %i# any money dpirfe this ?
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Or. bsengai What is money except that is nee«fed to live, eat and sleep?

Dr. Komoirlt:

The purpose M Ûi^ conference is to transfer information :
the needed countries and '&xj^&j$xj$.:à&s not mean one way.
Transferring canJ^ave a feedbackéndhere we have the good
intention to transfer our Information &o that there can be
water quality èll over the world* However we cannot have
our inforne tion transmittedif no people from the developing
countries are attending tJieatnference,

As a technical man we really have a lot to say; but when we
s ay. spinet|ting r : you have to-©laç^v Fot example if you use
certain ëtjuipment, you have to give reasons why you use it.
If I say that equipment is used in Malaysia, Singapore, then
I get moçe \yeî Jii|; to my proposal* But^s a technical man I

top as to yyhy.|we use that equipment.
>Jiot have the,backing of sufficient informa-

Èr;. Grombach: I am a little late, twajit to answer Dr. O senga. I don't
• think it is truetftat you can tt^ifi people in 5 years and

-i the*)['go back ahid fllow people ^;i»anagie themselves.
^ you Cfn'tg do that eithjap. yo t̂ must learn all your

% You did toe t did. I tttlnjfc'^IWFia^e transfer and tech-
noïogy; iransleï^ha* to take place all %j» time and t&è Asian
people will neècî Siat exchange^ iridefiftitoily. It is not

' négative to say that the cooperation fa^às to take place
i indefinitely. I think even if Asian people have great success

thefe will be some difference in teahnolgigy between the
developing and developed countriesi for•$ lang time. Some

••-'• new technologies will spring up in' Europe, America of Japan
^ and will havjeî o, be tranafe»ed to ĵother Countries to soutiiern

' cou|ltr|ês arid not developing^ countries »;There is another way
•• ; • way irpurid l o b / ^ Î would lik©;to ^pi^asize that. We
! hearéd yesterday the pa per from Iiidi& about drinking water

for the masses^ wi#i the very simple technology and ttie tech-
' nology iŝ  reai|y;p|pper to small yillége^ if I think of it, it

is à question oî îèsr^ and South.

Mr, Rossi; ••> Would we be rfeh,t tb say it is a problem, of communication?

Dr.. Grombach: Yes, it i s , I agree. I see no problem in fithat concerning
the consultants from developing countries. I feel that I can
bring knowledge and technology to the big cities but I
must admit I did not feel competent in the rural regions'and
I am sure the local experience and local experts- and we
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met one yesterday - can do a better job than I do or you can
do. Thus I say tjt̂ e onty problem towards these local experts

* 7 is the attitude of their government who will easily believe
the foreign experts especially when they, come with academic
titles» rather than the local experts who have better opinions.
Thatis wrong; and when we say>fee_local experts' opinion
should be considered the government will ask, what do I pay

.,.. . you for? Then i t iç very difficult to answer. -
- * • , - ; * ••'•• • • : • • ' • • - . • • • : i . ' • ' ' • • ' ' ' ' ' ' • • • • •

Mr. PJ Harvey: There are 2 different things:

1. Bringing the demand to the consumer.
, ^ 2, Bringing East tP West» ?

As a consultant, to bring demand to the consumer is our role
especially in de;W îoping countries» There is a role for
everybody. But demand is usualty from government bodies.
Especially wh,en the organizatfcm grows, there are not enough

; ; ;T " technical people = to carry out specialized technology roles.
As between them, whether the cossultant is local or foreign
is again a matter of whether ^ere are enough locals or
enough knowledge. If they have enough knowledge, then

—- - : ^iey can do i t . QjJWgrwtee limy need helpirom ontslde. Such
outside help need not bring foreign knowledge* Many consul-

. tants have exeerieBçe throughout the world and indeed •••>. \ :
,, <̂ consultants from Asian countries are bringing technology to

«. 4 the vv;est,.-Tha|.:;lsv<âMa"in.aK'lcet thirst for knowledge. From the
point of view of the manufacturers, I think it is a question

- of who has the goods tô  sell and who needs it. -

Mr. Rossi: The constraints 3P beyond finance and Asia has many
government bodies who do not accept local consultants* It
is a queSrtion,:gi cofiRfiaunicatix» between governments and
be^een a«pj4ierife and speciÉieris ôr sa les organizations and
t^e paife^î t^i^if t a gteafrcomomnlcation gap which local
consuliants cxmld help bridge.

C^oasuibant» are nirt willing to do more. They want to design
tfee butkiing >*&$&: But reliability^ ^ëw d€^elopments-that
is a very important thing. As a supplier working with a
a consttlteBtitî»i«Ktremely difficulito inlrdduce new tech-
nolpgteô f0cMe$4p*ot h a v e ^ e experience and they do not
ao : ithe responsibility for **hi$lf they cannot be blamed but

v oç the otber hôiK^Si^y sîtouidhave flexibility and allow
alternative designs.
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Mr. Rossi:

Dr.Oaenga:

Mr. Rossiî

Dr. Osengat

Mr. Rossi:

Dr. Suhalml:

The gentleman Irom Bangkok mentioned essentially the same
- as long as the design has prove» its virtues, then we have ».
much sales bu* how about new developments 7 With that
attitude new developments specifically for these areas are

- . • . • • : • , • • ' ! > " • • ' - . - ' • ; '•"••€• • . • • • • ' . , * . & > • < i : r ? * . . • '

This is the policy of Asian governments .To accept what Is
proven rather than what is innovative because they can't
afford mistakes* r

It is no exagération theft a supplter has to be one step ahead
of his competitors and one step ahead means constantly new
developments; but here it Is impossible for new developments,

One thing Is whether a manufacturer is prepared to spend
ttrte «uad effort as he would in his home market» This is one
of the serious drawbacks. The man who is building a whole
recycling plant will spend weeks working to produce a plant
inhi*iiame area free twt as he Is asked to build a plant in
Bangkok, it becomes foreign expertise and he becomes a
consulsultant. How are you gottng to do that in Asia where
th«re are iiiffeT3r>t conditions^ -; -

That Ifr Krfï? my company is dJSierent. Éfifch unit we have In
the world works entirely independently and the unit In
Singapore works In this area, not in Europe,

Is this after all totally a qùesÉbift at communication? It is
probably the wrong word to use but it is part of the communi-
cation gap tfaat we"; have herei <5ne ^ïing is that thé Industry
la probably fragmented. It Is voiceless because It is a group
of people spread over Asia. But'$Hlh the weight of the group-
weijavelOO^members now -peppfe listen* We can ask them
to asslat la research. There lé pdwèr in a group.

Going back to JKR» As a government department, its function
are no different from other departments. They have to obey
Treasury c|tculara. The problem is bpeaklnif through tile conM

iiiu^ica|Mi(\ga^>:in ^eervtftatihe. eijujpmentcan be included
Irr the Treasury list. M lom ae there Is â communication
gap in terms of trying to convincer the r#*pectlve government
departments will tend to favour equipment already on tile list
because ifC^&^0'^&a^t^ig^,Jvwo^--t--iSxe^- will not be
b l a m e d * . . '""' ' ,..-.•- •.. • . -..;-. ;:. -:-\ •••

If there Is a new product, we would like to get independent



opinion which we #iink is not the supplier's. If there is an
which,-tfte g<wenjmeht department can consult

partiaps there wiU-bg;#lot »çser.«te£ght..

Because; tt is ^etof the few pganlzations, we have not
restricted^eml^rshlpJint any shape or form. The composition
of the Asâociatipn i s *aadeupxafc suppliers, consultants,

^ J etc* „ , ,

found ttie grouping, successful and a water association
can go a long way to break into that list in JKR. I think the
subject is namrally leading to the construction of this bridge
as the first workshop sessJtoii tomorrow morning.-If this" con-
ference ended with. ju»t a set of papers being read, it would
not have achieved much. Do you think the bridge of the gap
is a pertinent *ub>ect for the worfcishop tomorrow morning? t
should mentioftlhatthe dissemination of the proceedings may
be many ti|nes.|hj& »ttendanc©* ï ^ id that in Asia proceedings
will go on moving out of the office for the next 3 years but
water quality as a subject for.workshop session may hot be
quite suitable when the countries are having different water

i l i i ïx Is there any need at aHior a î oeteshop tomorrow?

'I believe;|h^e,:|%^. .ff^^a^©d;-|ii^can we achieve anything

'"i,,. L ' •"" •••*

be there tomorrow mor̂ Wg or afternoon
a workshop people speak more easily

. . , , • • ! * • • • • - •
 ; ;

 • • ; • • • . : . • . « ¥ • *
f

' ' ••' ' '
 :

' % ï ' - , v ï ' ' - • • ' • • • . - • ' • • . ' • : • ' . '

Dr. Stthairai: First we wo îld like to be quit^fi^ré whether the concern for
sia is going to be very high,
wster quality management will

imijp^'d'and'if.'iiie'-technology. is improved for this regipn,
there will fce^JBoed for getting together all the suppliers
ttytcpôj^m&fë-Jutm?. some «cat *8E association to bridge

^ conciousness for
water quality ig not very high, then^it is perhaps not yet the

;K!f^fÉbÉâiî̂ . ;'.^^lé ^figi$fàv]!a^ but more with, the
• ••*?"'• " V. r~' ''• " "^"j^p^ci^ififeËreft^^ wQter^ssoclstiôri is one of -the: possible

bridges in all forms, shapes and sizes.



Dr. Grombach:

Dr. Suhalmi:

Dr. Iiu:

Mr. Rossi:

• • c

Rossi:

s a ' -J i . i ï • ;: ••*.. • ;'-'

I am In favour of the workshop and I thin your original
Idea of water quality management is to be defended even
against yourself. For the Association it should be more
general but for the workshop to orrow# I think we should
have one and Ï think it should be about quality because
conciousness for water quality is one of education.
Everybody knows that the conciouaness for water quality in
in the Western world is not a hundred years old perhaps
50 years old or120 years old in «OHM» countries, or does
not exist at all» If there is concloushess for water quality,
it is be cause people HXe us'have said and talked about
it again and again and if we f Jncl some arguments, that
can be used towards ère politicians or economists who
want to save money becaape i t is much cheaper ta have
dirty water, and^some of us go home and have some new
ways of saying it, then it was worthwhile, it is just that
this conference was BO -|é©rly;:vJ^jt$ii andhaye so few
attendance titat we should talk aboutit. - ;: ; . ;

I support it from the envirornnentaltst point of view. I
think it is important that we consider seriously this
problem even if support for, this conference is not very
high because water ;is becoming a ^carce resource so that
th« association can be formed to act as a catalyst.

I am in favour, but we have to
will be attending.

participants who

Can we | ^ ^
attending? There will be a worits
enough p a r t i c i p a n t s J ^ S
in the boardrbohi. We will try to
htohate^blh;^'^;K "

those who/^tlï be
tomorrow as we have
start at]9:00:a.m.

with something

l
Can we cet some:' moté Singapore participation.?

I ojpg/aaifced the speaking p ^ e l fi^raj|^nila. You do not
Jqaow the difficulty we had' in t i y ^ " M get participants
fcom Sing atpore. Either they did not Want to know or. did
not need to know, T thtnk'we have^ne Singapore delegate
only. In every other branch and d^Biôn, it is impossible
to get their cooperation. There are 2 things to cover, the

' i t^^Pl te 'W^oâ '^^ t i J^g ; it aèVdss; so we wiil
i>.r: ..-«11 • ; ' • • • • . - 1 •

1
 TL L
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LARGE AREA HOPE UNER SYSTEM

by Dr. Ing* F.W. Knipschild, Schlegel Engineering GmbH, Bredowstr, 33,
D.S. Etter, D-20Q0 Hamburg 74, Federal Republic of Germany

The Schlegel Area Sealing System * . . . ; 7 .--r
T — r - - ~ i . i - r a . - . : - I - - . ' . . . , • • • ; • • • , - , • , ; ; , . : , - f .. : ' ; . : J . , , : : _ • . . • • „ • .

Increased environmental safety standards in recent years have led to deve-
lopment of new and improved sealing systems including synthetic liners of
polymeric materials. A leading system from both technical and economic
standpoints among synthetic large area liner systems is SCHLEGEL* sheet,
a heavy duty HDPE liner produced in particularly large Individual sections.
The dimensions .pf the system required development of a unique technology
for production and jointing and^fferi^merous.^ady^
large sealing projects. , ,., , . • • • »

Raw Materials ; , '/

Extensive field experience and materials testing has shown one HDPE resin
particularly we|i suited as a synthetic liner inaterialfbr large area sealing
applications. This resin is a HDPË with high flexibility and good physical

strength properties, VESTOLEN A 3512**, the resin used in SCHLEGEL sheet
production. Under the various aspects of physical properties required in
sealing applications, including:

: .T tensile deformation properties ^ . , .
- behaviour in aggressive media '•
- floxural fatigue, properties
- biaxial tensile strength under çompressive loading,

this material fulfills the requircmyatii» of today's liner technology in an ex-
cellent manner.

Further information on the physical properties spectrum of this resin has been
described in another article by the author with special emphasis on their de-

* Registered trademark of Schlegel Engineering GmbH, Hamburg, Federal
Republic of Germany,

** Registered trademark of Chemische Werke Huls Ag, Marl, federal Repub-
lic of Germany,
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pendence on density of the resin and thus Its cristailinity. In addition, pol-
yethylenes in the high density range can be expected to show extremely
good long term weathering resistance.

Quality of each incoming raw material lot is monitored by several test cri-
teria including melt index, moisture content, density, and average molecu-
lar weight* Values for these tests must fall within narrow tolerance ranges to b
to be accepted for use in production.

Production

SCHLEGEL sheet is produced in a patented extrusion process in sections 10
m wide and in any length desired (standard length ranging from 100 to 200
mm) without need for any form of intermediate préfabrication. The thickness
can be varied from 1.0 to 4.0 mm, the standard thickness produced is 2.5
mm. Dimensions and tMckness of sheet produced are tailored to the needs
of individual projects.

Constant quality of the sheet is quaranteed by an extensive quality control
program Including tensile testing, thermal dimensional stability, stress-
crack resistance and melt index. Samples for testing are taken from each

sheet section produced.

Weldlno

The individual SCHXEGEL sheet sections are jointed by means, of extrusion
welding conducted with welding devices automated to a large extent. This
process gives mechanically sound and watertight bonds under, field condi-
tions* Qttside disturbances, such as changing ambient conditions are com-
pensated by manual adjustment or automatic control of machine parameters,
such as hot air temperature, welding speed, etc.

As in the production process, installation quality, in particular weld seam
quality, is assured by internal control as well as inspection by outside in-
stitutions.

Application Fields

The application fields for SCHLEGEL sheet liner systems can be divided.in-
to three groups:

- Ground Water Protection
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- Sealing Systems for Conduction or Storage of Water and other Media

A new development in the disposal pit planning sector has emerged over the
last ten years. Previously, planning for disposal pit was limited to simply
determining a suitable location from the s t a n d p ^ ^ of avaUate^|j^j^ rtaturgl
sealing layers and local pollution ordinances, Tl w; increased emphasis Is
placed on design a ^ c o n s t r ^ t i p i ^ ^ j H h e t i c eoftling systems^ te *hls ^
appjjc|i t^n^id^ ; yfa^e irid>vldu|lj|^ots-mtoàiOCàm oi aeywrsitauaSred -
thoueani1 « sealed area are encQuptersd, th^ advantages character^tics of
large area liner sections such as SCai£GEL sheçt can be utilized fuUy.
Both jij|;iar^e ajea of the i n d l v i d j ^ | ^ ^ : # e c t i ^ ajïd the liner thtskness
are of decisive imporunee, e s p e c i a l in i^ojecU of this order of rao^itude
as tfr^e ^pttjcj^s%ns,ure low sia^ific weld s^am-iensth, l^i'U «a«* and
seou-ity iri iastallaWon, and the p^sic^l strer^th required in the inttalla-
tion of such large scale projects.

:Sealing applications in the field of ground water protection

- Disposal basins for municipal, industriakflittl other
- Basins and landfills for^toposai of oil siucfee or other incTustrtial

sludges
> > ̂ . Çajtchment basins and si^t^m^for other poteotial pollut^te in •

- A^«oping stations, lç^diws^ationay storage facilities gaâoline - >̂
: : 'stations ' ; , , - ^ U ^ t . ••;.'; « , ' - - , ; - - ? ^ / > i - ^ -: • • • • - ' - • - ' • t o c : '-'.•: • • • - • • • * ? • '-•> -'•

•* Road in regions which ar#^ources of potable water

The increased emphasis on engineering solutions toithpse appliesJUOn3 is .
apparent in aie activities of c";ci^i technical coramisfiions entrusted with

pestle l i n e r s : i S ^ i

-Inatlftit.£m>^iftfi^tffc(transit: Infftltute '

-

rize4 Génftânànâ^^Austrian tés^ttng institutions conducted extensive tests-ï^miv.:i'
concerning the applicaUon suitability of the SCHLEGEL sheet. As a condi-
tion of official approval in both cases^ the Suddeutsches Kunststoff-Zentrum

isawed aniô^ici»i^provâl
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(transi: Sooth German Plastics Canter), an officially r«»<mi2*d testing In-
stitution in Wurzburg, Germany conducts independent inspection* of the
SCHUSGEL sheet production plant and internal quality control on an unan-
nounced basis. Similar approval proceedings are currently in progress in
several other European countries as well as in the United States.

of Water

The type of problems posed in this application fleW is similar to those
found to conventional hydrauUc engineering projects. Sealing applications

in connection with water conduction and storage are primarily found in new-
ly industrialized areas or cultivation projects in areas previously not used
lor agricultural purposes, areas in which conventional materials and mineral
s«aUng materials are often difficult to obtain and install. Solutions to these
problems using HDPE liner systems have proven to be satiarfactory both from
a technical and an economical -Viewpoint' in the following sectors: : '••:• •'• '•'•:

- Full perimeter lining of canals and rivers for irrigation and naviga-
. . • • t i o n . p a i p q ^ a s c : , : • • > • • " • '• - > ; ' : ' ^ '••: ' • [ " • •' • • • - ' • • • '•-'• '] ' '•• " • '" "• • : " ' ' - ' ';

- , lining of dams and dikes Jit connection with canals, rivers and
: -: h y d r o e l e c t r i c p r o j e c t s : .= ,• ; • . . . - ? . ; : ; • • , : • • . • •• : :- - •:;;. - •••••• ^ •• ;- •••*•'•"

- Lining of réservons for potable and industrial waters,
c . . •• • . . - . , . ; • .

Conventional materials such S3 clay, loam/ bitumen, and concrete are still
often selected over plastic linen» because of unsatisfactory performance of
thin plastic membranches employed in the past. However, recommended
guidelines for safe engineering design of plastic liiier
and hyraulic construction projects are available.

SCHI£GEL sheet is usually only employed in structureB if the sealing s y s -
; tap: is to cover a relattveây large surface or must be of particularly high : '
quality, Today'© construction technology usually calls for this plastic
membranes or bltumenous layers for structural sealing both fixed to the \_,
s tructure over thefr entlr© surface. •• full surface connections such as these -
have the advantage of facilitating location of leaks, as lateral seepage in ;

the sealing system is blocked; on th© other hand, deformation behaviour of
systems on shifting of tiw structure is inhibited by th* full surface ; '

: • • ! ' •
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Appllcatlons

SCHUEGEL sheet has been employed in large area sealing projects for over
seven years, In ground water protection applications in Germany alone,
500,000 m.2 have been Installed in projects ranging in size from 1,000 to
100,000 m . Similar projects have been Installed In other European countries
such as England, Austria, and the Netherlands as well as in the United
States, the Middle East and the Far East. Individual projects in the United
States and the Middle East ranging in size from 300,000 m2 to 600,000 m2

have been recently completed.

Suboradft Preparation

Most hydraulic engineering or ground water protection applications of
SCHLEGEL sheet are in the form of earth basins, i . e . lined ponds, lagoons
or disposal basins» As in other engineering structures, individual compo-
nents, i . e . in this case the liner, should not be viewed alone but rather as
part of the system as a whole. Figure 1 illustrâtes two such entire systems,
one being the maximum security lagoon solution and the other the minimum
solution acceptable from a technical standpoint. The system as a whole must
guarantee that

- subgrade shifting is kept to a minimum
- all surfaces in contact with the plastic liner are formed such to

prevent mechanical damage to the sheet
- seepage fluids are drained of f in a quick and secure manner

More detailed information here is given in other publications.

Whereever possible, am banJonert s lopes should be chosen low enough that the
liner can be covered with a filtering or protective layer. If danger of mecha-^
nical damage by outside influences can be reliably discounted, the design
need not have a protective layer due to SCHLEGEL sheet's physical proper-
ties and excellent weathering resistance. In the projects installed to date,
embankments have ranged in slope from 1: 1 to 1: 4 and ranged in length up
to 50m. A covering layer can be applied on embankment slopes up to a
maximum slope of approximately 1: 2. Protective layers on steeper slopes
with longer embankment lengths can be very costly and thus often not in-
cluded in the overall design for economic reasons.

Guidqlfoes for SCHLEGEL. S.hee{ Installation

Site installation of SCHLEGEL sheet is conducted without exception according
to the installation guidelines set by Schlegel Engineering GmbH» The first
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step of the overall.procedureisi dejsign of ĵhe Hner, including an installation
diagram specifyingposi^oM:o£ ; i^:^ sections. The liner sec-

' tlons are txansported'a-s;:ro^%;;m;ih;'i^m©téj:à^d':iZO m wide to the si te.
Each roll is accompanied.;• jty documents\ identifying the raw material used in
production, the date pf production, and the result of quality control tes ting.
Prepress of i n s t a l l a ^ ^ V ^ . I s recorded on the installation diagram along
with pertinent data Sji<?|, % weather conditions during unrolling. Unrdlling
of the sheet with suitable 'equipment must not significantly disturb tile sur-
face o|'the,:*ubgmae*iThe unrolled sheet sections must be positioned with
sufficient overlap for production of weld seams. All weld seams are produced
by traijljed plastics welding, technicians using special welding devices auto-
m%tedt to. 3 large extent» Weather conditions during welding, including pre-.

/ 'clpitafion,. relative humidity, presence or absence of solar radiation, am-'
/ blejit;température, are recorded in a welding report form along wtth process

/ p^rariieters such as extrudate temperature, welding speed, and temperature
of hot air preheating system. All welds are tested for continuity; and strength
in $ch|egel internal quality control and/or quality control by outside fiimis or
institutions. Continuity testing is conducted on all overlap welds using J
des trudtive ultrasonic testing equipment; testing of wéld^strength is by
determination of tensile ylold strength on a random sample basis. Samples-
for tensile testing are selected^ in accordance with the local cbhtractor of

. official

The results of the continuous ultrasonic testing are recorded in- a complete
site report specifying &e quantity, type and exact position of any inhomo-
geneous spcts located^.: The pointi of removal for the tensile test samples
are recorded In the installation diagram, ftri;• additional test for weld
continuity which can be carried out in small basins is actual water filling'
with subsequent control of the water level.

S E L E C T E D I N S T A L L A T I O N P R O J E C T S '. '.'••••••''••i;":

Industrial Waste DlsiJosal Basin in >?ordrheln"Westfalen fag'u're 2)

This industrial waste disposal,basin constructed in the German state of
Nordrhein-Westfalan is an exemplary solution for safe disposal of chemical
waste products in that several complementary sealing methods were combined
into a high security overall system. The final size of the disposal facility
will be 250,000 m of which 120,000 m2 have already been lined with
SCHLEGEL sheet. :i

The embankments were designed with a slope of 1 : 2.5 to facilitate install-
ation of the embankment portions of the SCHLEGEL sheet liner. The average
daily installation rate was 1,500 m^, reaching up to more than 3,000 m^
under favorable weather conditions.
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Munlcipal Waste Disposal Basin in Nortfrhein-Westfalen (Figure 3)
. . . . . - • . • . . , . . . ' .

 i ;
- r • ; • . " r ' r . • . ' • • ' • • • • • • . ' • - '

This disposal basin for municipal waste located in an exploited gravel pit
roughly 30 Jon west of Cologne. This project will encompass several hundred
thousand m2 when completed and will be one of the largest municipal waste
disposal facilities in Europe. The first of four installation stages has been
lined with SÇHUEGEL sheet, comprising almost 80,000 m lined area.

A high quality llrter system was required for this disposal facility due prima-
rily to subsequent operational conditions, including:

- Embankment heights in the first installation stage of more than 20 m
with slopes ranging from 1 : 1 to 1 : 4,

- Compressive loading from the waste contained, over 40 m high for
basin in completely filled condition.

- Long term weathering exposure of embankment sections of liner un-
covered due to high slope.

Of all sealing systems considered in the selection process, only SCHLEGEL
sheet could provide a workable technical solution for this application. In
spite of the relatively high percentage of embankment liner (roughly 50%),
average installation rates of around 1,500 m2 per day were attained with one
installation crew.

Industrial Sludae Disposal Facility in Northern Germany (Fjtoure 4)

Construction of this sludge disposal facility was begun in 1374. Installation
of the liner was carried out In four stages. Completion of the project In 1977
was marked by raising of the perimeter dikes to their final height. The peri- .
meter dikes are surrounded by a municipal waste disposal facility which ,
serves to stabilize the dikes against shifting and settlement in Jhe soft sub-
grade, the total lined: area in this project is roughly 125,000 m . Th;e .suit-
ability of SÇHLÈGEL sheet for this particular application was confined before
beginning construction by laboratory testing for resistance to the industrial
sludge stored as well to outdoor weathering. A particularly important-proper-
ty of the Uher system in this application was waterproof and physically
sound jointing at the borders of installation stages, i .e . welding with
material already exposed to the elements for some time. i

Salt Water Reservoir in Ireland (Figure 5)

Exploitation of large surface coal deposits by strip mining reguirè'd displace-
ment of the River Lash in Wales over 1.5 km of its length. Design of the new
river bed included an impermeable liner to ensure workable conditions in the
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strip mines in the surrounding area Y*jHch> wpjuld:s^b^©|[^n^jreà<;ha depth
of 50 m below the surface.... f | & i t o i ^ 18 m as Indica-
ted by e&^lajtor^io;f i t i^^ •*^t.l..-:-::

ir.^-.-.^::^ ^ 4 r
the subgrade beneath the liner wej^ tjj$ same è's ;thp|e for earth basin
applications. After completion of paging, welding, and quality coptrol
^itfngiof &^ layer -wëé

itôplfMIiytftfch ,te-.torn"wai taetaôîfereH*yîth r^fc:pa£fciri$* Approximately
28,000 m2 of iineii W r̂e îUis'tttU^ -̂Jb'ilî.ié^WpJ>éï̂ -̂ Agl£(itj:.''>'1|aie decisive factor
in physical strength and good deformation properties In the light of the nature
of the soft subgrade, i .e . its sûsçeptabiUty to settlement and shifting»

Disposal of by products in the oil drilling industry, for instance sludges
-encountered in initial phases of exploitation, must be reliable to ensure

protection of the ground water supply in neighboring areas. The disposal
facility illustrated in Figure 7 is an earth basin lined with SCHIEGEL sheet
on the embankments and floor sections. The installation plan illustrated
shows the location of the Individual sheet sections/ 10 m wide and varying
in length as required .by thé basin dimensions. The total weld seam length
was less than 7M:ra. i^rhe width of &$ individual sheet sections proved
especial^ advantageous on the concrete embankments as no weld seams
were required here> only mechnical connection to the conrete structure.
This project is an exemplary solution of its type, for secure disposal of .
potential, pollutants,, of éieoU d r i l l ^ Industry. if
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ECONOMIC VALUATION OF TH£ LAKE WATER A^fa mSXR ÎOttUHON ABATE
MENT PROJECT ;

by Dr* Ben Chien JJUi# Midwest Research, Kansas Oily", Missouri
•

Abaq-act
• . • . . • • • . . . . • . . . . . * • .

The primary objective of this paper is to anal^s^ ;, through a welfare model
of efficient resource allocation, the value of fresh lake water as depleting
and/or non-renewable capital resources under three major categories: the
stock attributes, the flow of goods and services/ and the «conpmogicaUty
transformed resources through the productive and consumptive process with
the flow and the stock input factors. A recreation demand model is employed
to illustrate conceptually and empirically how different economic values for ,
fresh lake water might be derived or estimated for Impact assessment under
the National Economie Development Account»

The science of economics deals with the problem of how we can best utilize
society's limited resources to satisfy bur unlimited need* and promote the
general welfare. It is essentially concerned with to
cation, distribution/ consumption, and expansion of resources over time so
that the overall social well-being and quality of life of human beings can be
improved and enriched * In other words, economics is a study to identify
what stock of resources is available and what and how goods or services can
fee most efficiency produced and supplied from this stock per unit of time;
who benefits from the consumption of these goods and services and how much
is needed to meet basic human needs and satisfy additional human needs;
and, finally, how the "stock" of resources and the "flow" of goods and
services can be increased relative to the evergrowing number and wants of
the human population.

While the issues of the availability, accessibility, utilization, management,
conservation/ and distribution of natural resources for economic well-being
have been among our nation's oldest policy concerns, the application of
economic theory to the recreational use and ecological and environmental
protection of fresh lake water in the United States is not only a relatively
new development, primarily within the last 2 decades, but also raises con-
troversial issues. Probably the greatest Impetus to this rapidly growing
effort came with the Principles and Standards of the Water Resources Council
which established four accounts—National Economic Development (NED),
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j ! ; • • • >

• • • . ' - • > ' • - - ' , 1 , ' , " : . • " • :

Regional Economics (REj/ Environmental Quality (EQ), and Social Well-Being
improvemenr (SWBI) for project impact assessment and evaluation* While an
increasing level of environijaontal awareness has caused concern for the v
diminished'stock of certain drinkable and swimmable fresh lake water there
are contHcting opinions regarding1 the value of resource conservation and
water pollution abatement, let alone the divergent evaluation Of project
Impacts in these four accounts and the interdependent trade-offs. ,

The primary objectivé of élis paper Is to seek alternative means by which
the value of fresh lake water can be explored and assessed so that both types
of values--the nonrenewable resources and the consumptive uses can be x , ••.-•:
better defined and the cost-effectiveness of the lake restoration.projects
adequately evaluated. ; ;; •

Welfare Aspects of the Lake Water Supply and Demand

Fresh water lake resources, whether the existing stock of water body, the
terrestial and aquatic» or other natural resources directly attached to the ,y
water body and/or the aquatic resources, should be valued as a capital
resource, the stock of which can be transformed, directly or indirectly, into
some positive physical attributes. These attributes,, in turn, become either
final outputs or factor inputs for the production of a flow of output (or goods ,
and services) over time, and the. flows are utilized, directly or indirectly,
in satisfying human needs ai>d wants* The kinds, quantity, and intertemp-
oral patterns of the flow of goods and services transformed and produced r*;
from lake water depend upon the complex inter-action of man's resource a l l '
ocatlon decisions with biological, geological, hydrological, and ecological
conditions over which man has little influence. When water resource con-'
siderations became important in the evaluation of alternative projects and -,
programs under the 1973 "Principles and Standards" established by the Water
Resource Council, decision makers were most often faced with the evalua-
tion of adverse impacts on the productive capacity of the resource stock.

With the exception of calculations of economic losses due to reduced re-
creational fishing and hunting of game species, the Principles and Standards
address the loss of water-related services solely in the context of the envi-
ronmental quality account. Economic valuations of the loss of other natural
resources and their associated goods and services essentially have been
missing from project evaluation, let alone the loss of stock values them*
selves. Normally, the demand for the stock of water resource is a derived
demand» and the physical attributes of the lake area are consumed indirectly
as a result of-eomplex interactions between environmental factors, (e.g.,
lake aesthetics) and human needs <e.g., lake recreation). In addition,
almost all goods and services (output) produced by a lake water body (the
flows) are delivered and consumed In an extramarfcet fashion and frequently
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are valued at either zero or nomii*^ P|iee. Furthermore, the social oppor-
tunity costs of these capital resour^fç have hardly been addressed.

The welfare considerations of lake water restoration and the associated
economic valuation of the lake res ̂ ration projects may be analyzed thru-.«gh
a neoclassical model of utility majtjinization over time. In other words, >.e
shall begin with an equilibrium model in which the value of goods and ser-
vices is determined in a similar manner with the supply and demand cleared
in the market at the equilibrium price level and all individuals assumed to
be rational consumers in that £ *7 always attempt to maximize their utility
or satisfaction subject to their budget and income constraint» over time*
The intertemporal utility function for individuals of certain preferences for cer
certain lake stocks (S) and the flows of goods and services usin^ lake water
body or fish and r"'".rr*:%: species as an input (Q) may be expressed as
follows: JL/ \ -y<-•-• .::• ' - • • • • • • ..;...,..,•:••••

where X is the amount of other g||ods and services consumed by the indi
vidual i in time period t.

The ransformation function of JaHôi^ter%nd its associated attributes,
depends on the natural characteristics of the existing volume of stock
resources and the rates of Improiement or growth (G), and quality and quan-
tity changes of the attributes; such as catching of fish or wildlife species
harvest, (H)Y under; consideration ,; r L

. -, •>•& • :- ;;- ji&d . . « - , ' T ( G ^ ^ i ) ^ H t ) : : ;.;""• ; ^ ; ^ : ; ; ; ; ' : 1 ' - -
• • • - . " i " j • • • • ' • • • , • V ! • " * • " • - " • ' ' • ' • • • • ' " * ' . . . . . - , •

and the production relationships between Q and X are the following, with R
the: amount pi; comppsit^ resource JJiputs used to produce both Q andX:

•Rtg) y : '^JMK--<:;^:";/.;;'-*'

The conditions for pptimal intertômfépal resource aUpcationé are obtained
by maximizing a social welfare function encompassing individuals in the

V - • . . . . • • • , . _ . . i 1 ,

(l) Thé lake water bodies are general terms; t^ey refer to the overall capital
-; resource including the. entire ecôéy s t̂ m and the population'stocks, of fis

and wilditfè species living in or arduncj the lake. * ;
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present and future generations within a finite planning horizon. Following
Baumol andOates (1975), R. Smith (1975), V. Smith (1978), and Miller and
Menzi (1979), the social welfare function to be maximized is

V » V(Ui . . . Un) (4)

Subject to the following constraints:

EiQ l t SQ t or T (G(St-l) - H t a TCSfc) or
EX SX* G é t " i ) ~ s t *.• H t for stock changes,

Rt, SRt c quantitatively or qualitatively.

To maximize the social welfare, we form a Lagrange maximization equation
with appropriate multipliers a B y 8 izJ'snf 7 and solve the equation for the
necessary condition by taking the partial derivative with respect to each
individual variable and setting it to zero:

Ea t (0 t - E i P # -%0c•• -£ iX l t ) ' (6)
Eyt (Rt - ^ 2 ) ' :

. .• E 7 £

The procedures above highlights many criteria for efficient resource alloca-
tion in an economy where both the stock (the existence value plus the size
and other physical characteristics of the lake attributes) and the flow of
goods and services produced from the lake attributes in conjuction with ot
other resources are considered. For individuals who consume non-no^ative ••-''''
amounts of Q,S, andX in any time period t, the necessary conditions for
utility, maximization are that the marginal rate of substitution (MRS) between
goods Z,S, andX in time t must equal their respective marginal fates of
transformation (MRT); and in turn, these ratios must be equal to the respect-
ive ratios of the marginal resource costs of Q,S, and X. For any Individual
1, an MRS between the consumption of non-lake related goods and services,
X, between time periods t and t plus 1 must equal its price ratio in utility
units and the ratio of its marginal costs between time periods t and t plus 1*
For any two Individuals, the weighted marginal utilities of Q or S must
equal the ratio of marginal;resource costs between the two periods.

Let us consider the supply of lake water goods and services QA Û = 1 , , . .
.,n)» Physically, lake water possesses directly or can provide indirectly
a vector of attributes (At). The production functions for lake attributes are'
ecological input-output relationships uniquely determined by biological,
geological, hydrological, and meteorological relationships, among others . '
These have been referred to as the physical production functions which
transform the lake water into attributes and hence into productive factor in-



-90-

puts such as the drinkable and swlmmable water and the stock of fish to be
caught, or (Ht).

In other words, man enters the system for production or consumption purposes
as a modifier of the lake water and its attributes with other resources and
effort such as time and travel costs involved, (E).

, Hf = h(At "^tJ Ei-gî or (7)

^ ^ ^ ;the ransform^tioniaiid production relationship between ïï and Q'
through' Hf': there exists obviously anr e^ternafity-typé Wlationship between
the stock and flow variables and hence the side-effect and/ôr cross-impacts
between Q and S. In addition to their independent values» there are also
synergistlc values between the two. For example, cleaner lake water is
definitely better for swimmers and fishers but not necessarily good for scarce
wildlife species. For us, then, lake water has three types of values! the
existence and the uniqueness at a particular point in time (S), the goods and
services produced from the lake water per unit of time (Q), and the resulting
interaction between S and 0 over time through natural system changes and
matt-siade improvements. As a result, the demand for the stock and the flow
of goods and services which été produced by lake •water attributes of sfatis-
fylng human wants, or utility maximization, Hiay;lk expressed1 as a'fuh0tl£>h..'
of the opportunity cost or ths;, willingness to pay (VVTP)>nd;\thè'-'cX)8t;d£''ti5|,e''
s e r v i c e , s u p p l i e d ( C O S T ) : : • i n : y ' . :- :'•••••••-••-"••"";-: ' • • ' • • y - - . '• '••-.'••• ' ' , ' . V .

. . . o o • • • ;

Qt>;-, F(WTPt), aQ/af. o,aj-Q/afJ -> obr !L (8)
Qt * F(COSTt) ^ ^ / b

It is fairly clear from Equations (!)• through (8) thajÉ wë have illustra ted a ,
model, for valuing lake water stock and its associated goods and services;
from the individual factor input demand and marginal utility framework. '
Specifically, we suggest that all human beings are rational and they ali ,."'."
attempt to maximize their utility, suoject to tasted time and income con-,
straints. To maximize their utility, they demand lake water attributes,
either transformed or untransformedv and goods and services which are pro-
duced by the water either directly or indirectly. The value of these stocks
and flows of goods and services are reflected in the demand functions either
in terms of an individual's willingness to pay or the costs of Obtaining ttiè'
goods and services. The demand curve for the goods and services is nega-
tively sloped with respect to WTP or cost if they are ricwtftal: goods arid '
services and if the marginal utility derived from each additional unit dimt1

nished after a certain level of total consumption is reached, all other facto*
l n p u j t s b e i n g h e l d c o n s t a n t . •.,,• •• • '••":'- -••:•••-':.;!•-- / / i - ; ; - • . y - : : ; ^
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The general conceptual model for valuation of lake water may be summarized
a s f o l l o w s ; : • : .' ... .. .,,.•/: ; ,.-:... . : • • • • ; . . . " . :-';i ; .

watetf is a
, . 1 .

evaluated firomiÏ". A .' ca 't^^eis^toxië' ̂ ^ ? $&Xyf &$$$.(

1. Stock characteristics of the existence, uniqueness and/or non-
rënewabilify of the lake water itseifi .„ . vp- '

2. Flow characteristics of jttie input facAc^s^at.i^e^lake water direct-
ly and indirectly provides for the production and, consumption of

. ^ g o o d s a n d s e r v i c e s ; a n d • ' " ; „ . " . . • ' . . . • ' ' , . , , ' , •' ' ^ •.:.'.••.
3 . The synergistic characteristics of (a) and (b) alternated under
^ ii«K^int;blp^ Lake

•- ;:: water and goods and services ^produced from the lake attributes
are demanded fey ut^ity-maximizin^Mdividua Is totratemporally
and itttertêmporaliy and are thus valued differently among Indi-
viduals according to their marginal utility and cost comparisons,

, and marginai rates of substitution and transformation calculations.

Value of fh* tlo«trtraffr

Thg lake water bodies have been considered as capital resources» Since
$ey are primarily publicly owne.d,qapltalresourcëô and there are compllca-
téso.péçbJLeips sjjctea^ honrijarketab'tiity, indivistbtU^, externality and social
welfareinterdetenninancy aria u^c^rtajinjy involved^ pricing the stocks

flrice (i.et# the
v at which the o^ero) r the resc^c^^ Co sell), the

last sejcWc>n suggests a demand ^ o i j ^ in assessing the v^lue of the lake
a demarid modelior evalualion. has been'tKe most popularwal

and
nomio value, pfgoais and B e h è i e e ^ ^ ^
Under the fixed supply as?iSTamptloni the demand curve, which resembles the

of the taiiiVidiiai; determines the value of the goods ori ; de

. :<? ;•
.*> • ' A * . . , , • •

' • ; • " ) . :

:•'; " ;\: ' " ^ V;
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The demand curve, DD, dhows the maximum willingness to pay for the ser-
vice at a fixed supply of OQs. The maximum value or willingness to pay is
then OV/ and the consumer's surplus is hence DVM. Given a resource alter-
ation that increases the demand by shifting it from DD to D'D1, the value of
the fixed service becomes OV per unit.

If the supply of the service is not fixed and the attributes of lake water can
be physically increased (or decreased) through resource management deci-
sions or other natural system alteration, the supply fo{jooda arid services
is represented by positively sloped S'Qs. Under this condition the equilib-
rium price OP will be employed to derive the value of the service being
studied. Thus, OP is a market price jointly determined by the seller and the
demander. Market price are the prices at which trade takes place, in this
case trade which résulte in thé diversion of resources from their present use
to the proposed use. Trade takes place between a willing demander and a
willing seller if and only if the demander's willingness to pay is equal to or
greater than the s eUer's willingness to accept, i . e . , the res our ce 's social
oppotunlty cost in this case. The resources simply will not be diverted from
other uses to the proposed use in a competitive market or competitive market-
like context unless the seller*s opportunity cost or reservation price iS'Tnet
or exceeded by the buyer's WTP at the margin. The corresponding consumer's
surplus is thus represented by the area DPN under the old demand curve.

'.a
1 The economic valuing coricept stressed previousfy is the marginal utility
theory, which considéra only that the n^xlmum willingness to pay may over
(or under -) estimate the value of the lake water related «roods and services

fixed. Similarly/ the difference may also result from externality or the :'' ;."
synergistic tor^ct between resource stock and reeource flow Interaction.
This problem ïtfaytié'-a voided if the social oppotunlty costs of lake water
attributes and s e r i e s are predetermined. However, empirically this la not
the caae'J Most economic valuing are geiiërâily oonfliied to the' demand- ;
oriented concept of valuation for fixed supply of public owned goods and at-
tributes, let alone the value assessment on deteriorating or depleting lake
water stocks and the cross-Impacts of the stock-flow tra s formations and

' i n t e r a c t i o n s . ' '• ; ; ' \ '. ' / : • , : .;.:/ , ( • ' " • •• : • •

In addition to the fresh lake water supply* one of the most significant de -
mands for clean lake water or lake water restoration,is feat for outdoor
recreation. The number of trips for outdoor recreation (hat each individual
participates In, including swimming, fishing, boating and even picnicking
and walking around the lake, are apparently pjppifclvely related to the quant-
ity and quality of lake water. To economically value fee water quality
improvement resulting from fee lake restoration projects, it is necessary feat
fee demand for lake water related outdoor-recreation be investigated and
studied, since fee marginal utility underlying fee demand schedule may be
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employed to approximate the generated benefit from wfcter quality improve-
ment. To be specific, economists frequently employ either the willingness
to pay approach or the consumer1? surplus concept to derive, on the average,
the marginal utility (or benefit) function for recreation.»

To develop such a recreation demand model for lake .water improvement bene-
fit evaluation, one cannot [help but rely on a neoclassical micro-economic
model of Individual; utility ma&ii^at&on. frsjng, the Von Néumann-Môrgens-
tern epprû&ch to thé theory ofdej^ionmaking under uncertainty/ followed
by a similar approachem ployed .hyw&lawson ^nd Knetsph (1966) and others in
utility maximization for recreational analysis, the following section illus-
trates how a recreational demand model can be developed for water resources
valuation and pollution abatem,enfc,*^pjeût assessment.

Recreation pemand Models and Problems in Measu||n# Recreaiiona^ Benefits

The'most direct âjid significant impact of a iajçe restoration or water quality
improvement .program on human betog^pTpbabiy lies in the satisfaction of
human wants in two major categories, fresh water supply and recreation/ At
most fresh water lakes in this country, the demand for lake-related recrea-
tion has normally played a relatively more important role than as a water
supply. Consequently, most studies of projeqt bejnefit evaluation have
centered around measures of recréationa benefits, as does the proposed

Water quality , or its improvementr i is Qf V#lue to us not only becaUse it is à
capital resource that can satisfyJhumanneeds and wants 4 but also because
the availability of quality water per capita is decreasing over time as popu-
lation and pollution .sources increase., ;,

Scarcity creates more value. As a.result of the relative scarcity of $ siapply
of clean lake water, it is more valuable to us today than it was befoifei
Hence, to measure the benefit of a lake restoration project necessitates
measuring the human satisfaction derived from the consumption or use of thé
lake water* i . e . , the utility of lake .water as valued by the human beings
who consume (use) i t . However, the utility of anything is entirely subject"
ive# and It may vary from person to person, place to place, and over time.
How is this value determined? The marginal utility theory that underlies tii©
demand ^curves discussed in the last section piay be employed forvalue deter-
mination. -•••''" , • . - • • • ' • • . ..'•,.'. ".":.;"', ...'."'.' '"'

As long as trade and exchange are feasible under various marketing condi-
tions , it is well known that price is determined jointly by the supply and
demand forces in which the margjxjial utility theory of value plays a critical
role» Analogically, one may refer value determinations of clean lake water
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to Its supply and demand forcée. Nevertheless, fewfer marketing conditions
exist presently for lake water and i ts quality level because most lafaêfff are
friblicly owhed and̂  th© e x s W t a ^ here.^ Thwli ;doh-
marketabillty is one of the obstacles in assessing project benefit quantita-
tively. In addition* there are other problems, such as induced or derived
demand^ ;externality^indivisibility, Interpersonal uUlity incomparability,
eto. , yyjiich may impede -.the conventional demand a pjitoach for valueing lake
water, For instance, clean lake water may increase i t s recreational value
to swimmers, but an Increased number of swimmers may disturb the fishing
environment and hence decrease &e recreational value tb fishers.

The dominant and still most difficult benefit measure of lake restoration is
the improved or increased recreational activity directly resulting from the
project. The use of reservoirs and lakes for recreational activities has been
increasing at a rapid rate, and yet the recreation benefits have not been!'
considered ''tangible V They have been evaluated in quantitative terms only
after authorization by Senate Document 97. The inclusion of tècrêation be-
nefits in the conventional B/C analysis is certainly a great advance over the
previous B/C studies that did not count recreation benefits at all, according,
to Herfindahîand Kneesè (1973).

Several methods of computing recreation benefits have been considered, in-
cluding the conventional federal agency procedures (FÂP) based On an arbit-
rarily assigned value of a visitor-day; the Hoteliing (1969) and Clawson-
Knetsch (1966) approach; Gum and Martin's {1975) monopolistic app^o/ach;'
Crocker!s (1971) expenditure approach; Cicchetti, fisher and Smith's eco-

.^pinetrt<S:approach^(1976); etc. However, because1 they recognize the prob-.
lems in public goods and services such as improved water quality and the
demand for recreation and its associated measures of consumer's surplus,
the models, suggested byïHoteUingjClawson and Knetsch; among others, are
employed. In other words, the value of the improved lake water quality may;
be reflected by. the changes in the consumer's 'Surplus as* computed .under
two demand curves for lake recreation—ohé demand curve before and another
after the project.

Simply defined, consumer's surplus measures the surplus satisfaction that
.a consumer,receives from a commodity above the price actually paid for that
commodity. Given a negatively sloped demand curve in the price-quantity
demand domain, thé consumer's surplus is equal to the area under the demand
curve but above the actual price level. The consumer's surplus is then used
to approximate the economic value of those goods and services not presently
being priced and marketed, such as the Improved water quality being studied.
This value is in turn used to represent the project benefit In the final benefit/
cost evaluation. In short, the BCCIPA model suggests the development and
employment of demand models for project impact evaluation, especially the
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water quality improvement impacts on recreational demand for watercraft
activities*

The demand curve is used to measure the recreation benefits through the con-
sumer surplus change for each type of activity that people participate in.
Without shifting the demand curve, the increased number of visitations In-
dicates the change in consumer surplus in the first year. With the demand
curve shifted in the second or third year, the consumer surplus change will
probably be indicated by the product of the number of visitations and the
cost or price index (C); The following chart shows how recreation benefits
may be measured by consumer surplus:

C*>

.u

\ X
ç Number of visitations without the project, baseline information.

O i • Number of visitations with the project^ first year.
CQAQC Z Consumer's surplus without the project.
COCJAJAQ • Increased consumer's surplus with a constant demand in year

• o n e . ,
•••; Net recreation benefit, or increased consumer's surplus with

h f d d # l

It a*»ould be noted that we have intentionally kept constant the su
water stock and its flow of good* and services that are transfer

the stock • for récrâitti^^ier'fti^
mie adjuatnwnt between supply and demand shifts, readers are referred to
Figure 111->1 in the previous

Although the value of a lake water restoration project cannot be fully reflect-
ed by the growth In demand for la ke water related recréation, and consequent-
ly the consumer's surtHus measured under varying demand curves may sub-
stantially underestimate the project benefit, th« general welfare model
deliiiwted Infection A and me individual consumption expensicin patterns :

presented 1ft the preceding secUon do provide a reasonably sound analytical
framework upon which empirical evaluation techniques can be developed to
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estimate the major benefit of lake restoration» To be speçilic, Jive demand
for lake water recreation may be simplified and reduced from'a simultaneous
equation system of models as mentioned previously to as follows: r

V^ = F (COSTy (O,T,Y), CAPy |QfS>, Z t j, DUM^)

Where V stands for the number of visitations in the 1th activity at the
• • ? . - - . : . ' W F l a k e . ; . . . , V ; . \ . • • • . . : • ' . ... _:•• - ^ : ; ; ; . : : " ;•• ; : ••.'

: . . • ' . . , . . ' ' • • • • . ' 7 • • • • • • • ' " • • ' , ' i • • • • • , .

COST y is a weighted cost Index comprised of traveling distance
,,j T (D)t time (T)* and income level (if)» this is somewhat of

ii ian index for opportunity cost whicii r e f i t s the minimum
level of physics land psychological benefits the recréa-

expect, " ^ w : ••• •••'. :"'_•

is the recreation. <^p^^tyiawi#x confiis^irig of water qua-
li|y and capacity[t. iricliding d£tya.ciigi variables such as
depth, watéi1 tefterature, âurfacs a r ^ and fish species.

Z,, • " is other exogenous variables affecting the visitation part-
içlpatton in tÉie iF'''acUvi^^^ch;;§fi. régulations «.'.crime •--.
rate, lake-front facilities, and envfcosaafental conditions,

represents a num|>er of dummy variables taking the values
of "W fox positive;^nd "O" for negative answers, e*g.i
whether or not a visitor noted wa|er-»quaiity improvements;
will or, will not come back for the same activity, single or

' • • / - : ,

; f-\^ -';

^ ^ | | Bœs 419^;?h :^"BliqtiM&iUhx -and
àmèng othersithere are mqre liian â  do^en <îi»aiÉ^tive appfpàche», ava

available for valuing -water resource attributes and services through thé ;

measure pf &e consumer's surplus» Although each of Ifeem ha« its own weak-
ness and strength both conceptually and practicaLiy, the statistical inferent-
ial methods, partioularly the travel-cost methods associated with a recreation
demand model as Just mentioned have been i^rceived as iieferabte, technique
over many otfïérë ,ènd; have been employed mo#t frequènt||f-iia thœ^jaîiplrlcal
applications for assessing the consumer's surplus, or for approximating the
true willingness to pay, Hotelling (1947) pioneered the travel - cost method
for evaluating a recreaticmal resource, and furfeer refioeménta were provided

by Claw«on and Knetsch (1966), Davis (1964), Gum and Martin (1975),
HaTO«idckaii<* Brown $$%$, ^ 1 ^ 9 t t i « Fisher«nd&nltfe ^SF6)# liu and
Christiansen (1979), among otfeere, £or measuring the recreation demand and/

••••••; - : - ; - : : , -.r. •• • - . ï v . r ^ i " - j , j : - * r ï t , ^ 1 r - î . - ; ; ; . • . , : : • ; , : • : : • : . v - - ; S < - • • • - • - , • - »

As Cocfeeba and Langford ;(1978) correctly pointed out, the longstanding
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of establishing values of extra-market recreational resources has
been met for the most part by attempts to value recreational activities of re-
creation sites. The demand model for lake water-related recreation just "~
described is , in essence, a modified Hotelling - Clawson - Khetsch or
travel-cost method which employs demands estimates to compute a value to
the set of resources in existence at the site where the activities take place* '
In this case, the sites are the two lakes, Lake Ronkonkoma and Long Lake
and Chain of lakes. However, thé differences in model derivation, speci-
fication, and, finally, model estimation loetween the conventional fr^
cos); approach and the one proposed in this study ought to be noted.

Aside from those fundamental postulates upon which the general welfare
framework and 7individual demand models are developed, this study recognizes
specifically the significant differencessmorig, the values of the stock of
lake water, the flow of goods and services transformed from the «tock and
produced by the lake watei? attributes/and jfte synergistic efiects between
the two, and/or the externalitiescreated by. them Jointly over*time. Convent-
ional benefit/cost analysis tends to be oriented toward the appraisal of in-
dividual projects, and it has been gradually recognized that any evaluation
methodology which treats each project in isolation and statically can lead to
inconsistent decieionmaking, especially under the condition of high un-
certainty. t , : . V;:,;.-....;?..i •••- • -, ;'.:::" .•'.•';• ,.'"

The synerglstic effects between the stock and flow resources associated with
any lake water body can be either risk-spreading or risk-pooling* While
risk-spreading may lead the decisionmaker to rejecÇ an entire group of pro- *
jects which would hj[ye been a^ccepted individiial3y,risk^pooling may result
in the rejection of any individual projects separately but that are accept-
able as a group.%J Optimal decisions may require, in the presence of uh-
certainty, an additional reduction in the benefits from development beyond:;j;

the preservation;benefits foregone ^^order to take into account the losis^of̂ '--•--J

options such a decision would entail. In other words, the oppotunity cost
associated with the project must be taken into account. H L

(1) For similar end relevant arguments, see' K. j . iu I
"Uncertainty and the Evaluation of Public Investment Décision, " American

r Economic Review Vol. 60, ppf 364,-378: (197(1); E. Jâmesy ^ Mote oil
'• * Uooertain^yand the Evaluation of Public Envèatmont Pocislons/ '^.E,R.

Vol, 65, pp. 200-205 (March 1975); and V.K. Smith, "Uncertainty>nd
Allocation Decision Involving Unique Environmental RaBQukccB,n J. <rf",

September, 1I79, ^ --; v r^-^-**'*~



T-98-
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Conceptually the paper h$s suggested a welfare model for
valuation and for water pollution abatement projects benefit/cost assess-
ment. Technically, the consumer's surplus overtime under vâriouè demand
schedules for recreation site visitations was discussed as a useful measure
for resource valuation and project impact assessment. Instead of employing
any (riven constant demand schedule for the lake recreation site visitations,
various compensated demand schedules can be derived,and, thus, the
changes In the consumer's surplus so obtained may better represent the net
project benefit of lake water restoration. The net benefits resulting from
changes in lak.e site attributes, and water quality improvement, have been
illustrated. Range estimates obtained from a regression model are suggest-
ed as the measures for water quality Improvement under varying assumptions
concept of the welfare of the consumer's surplus. ; :; :i:j, . ;,:
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30. Smî hf V. Kerry, "Congestion, Travel Cost Reçrëa|1ipnarX^nitn^ Models,
andBenef^it Evaluation, "Journal ofEnvlrbnrnental Economics and Manage-
ment, (1978).



-101-

31. Thomas M., B.C. Uu and A. Randall "Economic Aspect of Wildlife Habit-
at and Wetlands, "Report for U.S. Water Resources Council (Kansas City,

V Missouri: Midwest Research Institute, Ï979),

32. Warren,,Ronald S,# J r . , Rtfbert P. Strauss,A Mixed ypgit Model for the
Relationship Between Unionization and Right-To-Work Legislation, "
Journal of Political Economy .Vol. 87, No. 3, 1979.

Question and Answer;
•; IP

Dr. Smith:

Dr. Liu:

Mr* Rahman:

Dr. Liu:

Mr. Grombach:

Dr. Iiu:

for your top jleft-hand comer diagram using distance as the
objective, when the price of gas goes up, how do you tie ..
this up with your approach?;.

You certainly are right, when the price of gasoline goes up
the price,of lake recreation goes ,up*too i Therefore the
price of consumer surplus also increases.

Actually what yojj are trying; to say here is cost analysis
in a survey environment project. But when more people go
to the lake there^will be more pollution. Perhaps you have
to take into consideration other things besides economic
and social benefits. ;; . ;

You are right, more people going to the lake will indirectly
result in Increased ocilution. That Is why when we
developedrthls model we had to use economic! valuation by
seeing what the cassai effects will be over time. We have
as indicator of water quality, asking people what they have
perceived to be the change in water quality and we use a
scale indicator ranging from better to worse.

I think it is very interesting to consider the distance people
travel for recreation on the lake but certainly you will agree
that it is just one point to see. It is the task of the engineer
to make cost benefit analysis and it is very often easy to
find the cost but it is usually difficult to define the benefit.
I would like to ask whether you consider other methods of
measuring benefit and why you choose only distance.

We did select other criteria for benefit measurement; e .g . ,
property value changes over time, because people find
there is a greater demand for lake recreation and more people
like to reside closer to the lake but in view of the property
value procedure, i . e . , if you include both property value
change as well as distance traveled a s a benefit
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measurement, you will probably be double counting.

We feel distance is more reliable, but the property value
change overtime can be regarded as a probable ïitérriative.
There are other measures, including the direct state of will-
ingness to pay approach but again people tend to shy away

t !J \ from this direct question and answer differently. As In our
survey we did ask how much they ere VflUingtto.'pay^for'.this
recreation but they are unwilling to give a positive figure,

... ••• But if you ask them based on our estimate that each trip is
about $2-$3 and what they thought of it, we get a response
that ranges from reasonable11 to'fe little high". That is why we
©Woose this travel-cost method.

Dr, Smiths You are looking at this analysis from the recreation point of
view. In this particular area of the world the use of the lake

-•!:.- •••*'• in irrigation is quite common» Pollution of lakes and hence,
of water# can be vital. How do you set about doing an
analysis when you have different use of the lake?

• • / ! ' • . •'• • •', • . . 1 , : . i Ç T '. ' . •• '>•'.• : ' ; ; . . . V

Dr. Liu: v The approach here is applicable in many areas. Of course
v ; ; u.i r ;ot othe use ~ûi. lake water can-fee for irrigation projects or water
; : v ni supply , But in dealing with these problems we have developed

a similar kind of model to measure demand for water supply
e or irrigation. The approach here is easily adapted to other

areas. ' *



DISPOSAL OF RADIOACTIVE WASTES IN INDIA

fay A.C. Chaturvedim ASCE, Chief Engineer, Minor Irrigation Department!
India

Abstract ; .. - '

Radioactive liquid wastes were classified according to activity, conductivity,
and detergeney, and collected separately so that they could be processed
and reused. High purity, low conductivity wastes were routed to a waste
collector tank. Low purity, dirty ratiiowastts (drain was tes 0 were routed- :
floor drain tank regenerators; and centrifuge decant water was routed to
waste neutraliser tanks.

High purity wastes were filtered to remove partlculates; ion-exchanged for
the removal of radioactive and other dissolved solids; and reused by feeding
back to the system. Low purity wastes having low radioactivity were dis-
charged to the sea after filtering to remove particulates. Low purity waste
having high radioactivity were concentrated, filtered to remove particles up
to 5 millimicrons, and discharged after sampling. Concentrates were solid-
ified in a cement mixer using cellulose powder as absorber, loaded in stand-
ard drums, and stored in a temporary yard. Spent resins and filter sludges
were processed through a centrifuge where the solids were separated. The
separated solids were loaded in iirups, capped, and cooked. All these
drums were stored Jri underground trenphes and concreted.

The continuous migration of people into otherwise uninhabited areas poses ,•*';-
problems of accidental release of pollution and calls fora serious study of.
radioactive wastes. There exists serious contamination of water by indust-
rial wastes, pesticides, chemical fertilisersi deteçgejsts, etc. Water was
found to be polluted biochemically, physically, physiologically and biologi-
cally» v.: i:r-';".;.ivc-.- -• '":•.'.".• •-•"; \ •=^^- • ' / ."

• \ ' . - " ' - ' - " . " . „ • : • • • v ' " ' • ' • ( • > : " • • • ' • • • • . . • • " " • - . • • •

Mathematical models..for fixed jbed absorbers' for surface diffusion must also
be provided for the predominant.: intfa particle mass transfer system* When a
mixing zone was allowed for the accidental release of effluents from the
point sources, it became necessary to know and to.predict the dilution of
the effluent before it reached, theï boundary of the permitted mixing zorte.
The maximum width, the maximum; lengthy and the enclosed surface area of
the mixing zone must be determined and controlled.

- ... •* a
'•<•••• •
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there are two main types of Indian nuclear wastes. One comes from atomic
power plants, the other from weapons production. The main waste product
from power plants is in the form of spent fuel rods. These rods contain
uranium and some of its deadly by-products such as plutonium, which re-
mains toxic to humans for over 200,000. years. Another waste product from
power plants is radioactive iodine, which can cause cancer of the thyroid
gland. The main radioactive ingredient used In atomic bombs is plutonium,
which produces as waste radioactive strontium and iCesiutn, both cancer-
causing substances. Like the waste products from power reactors, these
ma teria Is genera te hea t arid penetrating radia tion for centuries.

The problem i i

Wastes from; defense production are immense •*«• ao accumulated total of a '
half million tons of highly radioactive material in addition to over 60 million
cubic feet of lower level radiation. The nuclear waste from nuclear power
plants is considerably less— about 6,200* tons of spent fuel. Neverthe-
less, most scientists have focused their attention on power plant waste
which contains more radioactivity and is Increasing faster than military

Virtually all waste from nuclear power facilities is stored under water in
gigantic "swimming pools'* at plant sites, but many planta are running out of
such storage space. Some low level reactor waste is buried in government •
licensed repositories. Military waste in solid or liquid form, is buried tem-
porarily In huge underground tanks at government installations. Thousands
of canisters of low level atomic traish, mostly from .weapons production, were
buried off the co^st in the Atlantic and off the California coast In the Pacific.

Stored nuclear waste is à point of great contention. Critics point to acci-
dents that have occured at vrastc disposal sites. ;In. à Military Reservation
on the West Çoast r nearly 500,000 gallons of atomic waste Into the soil '
arc>und the storage tanks. Such incidents have led many communitied to
object strongly to dumping nuclear wastes in their area; * ; ;

Both critics and supporters of atomic power agree that waste disposal is the
toughest problem faced by the nuclear Industry. It is estimated there will be
seven times as much power plant waste by 1990 as there is today. Some
facilities could be forced to close as nearly as 1993 unless a permanent and
safe disposal method Is found.
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Solutlons

A number of far-fetched solutions « such as rocketing the wastes into g pace
or burning them, were tried and rejected as unsafe, impractical, or'&acost-
ly. Until recently» little has been done to solve the problem. This year,
however/ the Department of Energy will spend nearly half a mtlltoto&oïiàrs
on disposal technology» There is a plan to drill deep holes ïtitàààIt beds
near Kota, where tons of nuclear waste can b e ^ r & â n ^ the
project is given final approval, it will be at least' |988: before a permanent
storage site could be in operation even for testing. But the plan'is encount-
ering widespread opposition from Rajas than citizens, and court fights could
drag on for years. ;

Indian radioactive wastes are proposed to be disposed interspace by an or-
bital transfer vehicle ejecting the waste package into a solar orbit. This
would involve huge costs and is not altogether free from risk*; There are
large risks from the rocket blowing up on the launch pad itself. Specific
plans are needed to specifically dispose of the wastes by early 1990's.

It is necessary to examine the geologic formations: the fractures, voids,
moisture pockets, etc. A well-chosen repository would be sufficient to pre-
vent wastes from getting into the biosphere through underground water com-
ing Into contact with the salt repository. Wastes leaching into solution
found its way into food and water supply through the soil.

The authorities in South India recently refused to allow a shipment of low
level waste from the crippled Three Mile Island plant to be brought into their
state for burial at a government licensed site. Eight more states have ban-
ned nuclear waste depositories and others are considering similar action»
Piles of tailings containing radioactive substances have been left everywhere,
such that uranium has been mined mostly in Kota, Nyveli, and Tarapur.
These piles contain pulverized c;e from which uranium has been extracted.

India, with 20 years of experience in nuclear technology, has power stations
at Kota, Nyveli, Tara pur and Narora. There have been many advances in
design operation and disposal of radioactive wastes. The efforts of chemists
and biologists solved coolant channel-clogging problems due to fungus ,
growth, and provided safety from radioactive wastes. The radioactive
wastes, especially theMghly radioactive defense wastes, present problems
in the development of fission nuclear power. Liquid high level wastes are
formed in great quantities from the nuclear reactors in the production. It
takes a lot of water to dispose of the radioactive fuel. Spent fuel rods pre-
sent a lot of hazard to the environment. They were stored in pools of water
in the Indian reactor plants, giving out intense heat. The highly radioactive
salt beds were buried deep in an underground surface, in salt, granite, shale,
and basalt, using conventional mining methods.
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Some of the was tes were implanted several hundreds meters Into the deep sea
in the Bay on Bengal, Arabian Sea , and Indian Ocean by a free fall penetro-
jneter. In the overland Itself/ the radioactive wastes were kept in 4000-ft.
$911 columns a t l eas t 775m. below the ear th 's surface, Another method lor
the d i sposa l of wastes was to pump them in a cavity in ai very deep and im-
permeable geologic formation. Heat from the radioactive wastes was found
to mealt the adjacent rocks , the radioactive material ultimately becoming an
integral part aJ :*-̂  ~r:?c, ' ,.. • ... i : v

: y :'• ': •'" " "'

t h e spent fuel bays were located above ground level so that the irradiated
fuel lowered into the buggy in the fuel transfer'(trench is immersed in bay
water even after a short travel downwards from the fuelling machine. In add-
ition to washed air ventilation for the building, arrangements were made for
maintaining the bay water temperature below 40°Ct thereby reducing the rate •
of evaporation end hence the spread of radioactivity from the b a y s . The i n -
side surface c r a l l the bays were lined with 83 to enable chemical cleaning
of the bay surface. Sloping floors and removable strainers were provided for .
easy removal of metallic and dust particles from the bay floors. Care shal l
hav-^ to be taken to permit repair of valves from al l the bay lines through
proper layout and provision should be made for freezing of l ines to introduce
ice plugs . A direct approach to the spent fuel storage buildings became !

possible through the personnel air lock provided a t the top of the. storage
. block. This offered better coordination between the personnel Involved in
the handling of spent fuel in the reactor and in the spent fuel storage build-
ings;,:. •• - ,• /" •• .. .•; '• ... . '•' " ' '

In the absence of process computers and extensive physics calculations,
some time on an hour to hour basis during power escalation periods was need-
ed tô monitor the neutron fluxes within a reactor. Correlating the movements
of constant rods and the histories of the fuel bundles involved has permitted
a high degree of. understanding of this phenomenon. Correlation of this ex-
perience with considerable amount of theoretical work has led to the deve-
lopment of fuel management capacity in India, which has averted the need
for rather'significant foreign eche.nco expenditure on c recurring basis. .

Non-accessibility of reactor and associated equipment during operation, as
well as very strict requirements, resulted In a much larger amount of automa-
tion and Instrumentation for monitoring and controlling processes in nuclear
stations'than in thermal stations.

Chemical reactions Involving metal-water, metal-air, hydrogen-oxygen, and
deuterium-osygen reactions, and the chemistry of fission product releases
from'the--fuel and their chemical treatments minimize environmental releases.
Radioactivity of the erosion products is induced and carried over to the diff-
erent parts of the system. The attendant radioactive waste treatment manage*
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ment attd disposal pr&î>îem can be solved from many disciplines. -
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bastes VÔ*Ô campled ô it in i4^ijdactft#; The pro maaagement
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mimine after some years, and t h ^
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used for the concentration of the
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power reactors, w>as ̂ o$i<i |p .te-;Qm&&'*faè:imê0 stages 'of''the " '
fuel cycde as far es radioacUve waste management is concerned. To a large
extent the types and quantities of wastes, generated depend upon the type of
reactors that are being operated in the country. The.toiiing- watér^reôctor is
being operated at Tarapor and tiié preesuriiîéd heavy water reactor at Ra-Jast-

Î heavy water reactor generates
effluents for discharge-:trîâ|i"|Nie'J^|j^^M^<l^£.. Skis essential*
due to the fact that D2Ois being used in the: primary systems of heavy

the system is collected
hand, in the case of BWR, the equipment drains may not always be suitable
for reuse and also, there is a stream of regenerate in solution from some of
t h e d é m i n e r a U s i n g u n i t s . : ':•' •' • - : -'••••"• .•" -: • '•••'•• • ' '

. In the particular case of Tarapur units, leaks in the primary system have
been rather excessive on occasions, often leading to «fcnificant increase tn
effJtoent vohimm^m terms <$^toa^$v4tîrlevéll^ èMûe«ts ééi-f^m,
station have also been hloher by almost two orders of magnitude compared to
the Raja s than Reactor* This is obviously due to two reasons: first, because
the effluents contain the activity seen by the primary systemi an4 second,
the primary system activity itseH is high lue to Inoreaeed clad failure and
significant Inventory of the corrosion products which are active. * '

• "£••••

)

The major radlonuclidoa that are of concern in the efflue^r are the
in the BWR and tiie trttJum in the heavy water reactor. Tritium situation is

. one of tfae few areas where areas where a satisfactory solution is yet to be -
arrived at4 An augment&tion of the Radwaste cëtJabiUty has been achieved
witrt ̂ n additioi^al plant for treating TAPS r^dwaeW usijjfl d i e i ^ 1 treatment
and ion-exchange on verraicuXlte. Qi:«n asaessmeritoïthe environmental .
capacity, it hae beea decided to contain as much ©f the activity as is prac-

, UcaiUe in the Uquid effluents. A solar évaporaticto fôclUty is 'tinder' cons-
truction at &e siiU». , ; . . , . ,_ , . ..; ,,,.,..^,... .. .... • ..:•

• * : • • <

Disposal of liquid effluents from the Tarapur Power Station did warrant an
; eu^entatiojj <^*heir Rûdwaste ««pablllty. THIS' has been achieved with an
additiortel p^a^ ^ using chemical treatment and ion-

exchange Qn-v^i«»Uite * In the ftajasthan Reactor, the original • design' In-
for ra£w*6te ha« not been met throughout the station operation so far.

mt, on a reassofi#ja«nt offtte environmental capacity to accept radio-
active releases, it haa jMen-tfound to contain mttCh of the activity as is prac-
ticable in the Utfiild efiliwttt»^ A solar eva portion faoUlty is now «nder
construction at that site; Whan completed, this facility would perhaps be

• * ' • •

_«*> . ' . • '



the first facility of its size in India.

Radioactive Waste Management units at the Kalpakkam site inclusive of the
power reactors and research units of the BRC are being centralized, and this
centralized Radwaste Management facility is now under consideration. The
importance of an integrated approach while planning for a nuclear installation
site is borne out readily in our experience. By centralizing the Radwaste,
Management for that site and optimizing the capacity of various equipments
and systems; considerable cost reduction is at Tarapur for PREFRS plant and
T A P S . ' •'•••• ' : • -;:V'. .

Models ',,

The migration of people into wider areas entails problems of accidental re-
lease of pollutants and calls for a serious study of radioactive wastes. This
problem was studied on models and by computers, and the results revealed
heavy pollution of the air, deterioration in the quality of the soil and of a
surface and underground water near Delhi. Drinking water was found to be
contaminated heavily in underground aquifers and in the pipelines^' ^pebialty
by-infectious diseases. This also brought in contamination of wells;'. .There
waS serious contamination of water from industrial wastes, pestiicides^che-
mical dertilizers, detergents, etc. This accidental release was âisp.îouh^
to have an adverse effect on natural estuaries or wetland areas. Water'was
thus found to be polluted chemlcallly, physically, physiologically, and bio-
logically.

The soil was found to be an unsaturated zone which formed a link between
the atmosphere and surface and sub-surface water. The response of the un-
saturated zone to the accidental pollution was found to severely affect human
and animal health. To preserve the biophysical environment and prevent ,
damage to the environment through accidental releases, adequate planning |s
necessary. Failure in this sphere can be caused by many factors; including
lack of adequate structure in the biophysical environment, defective concept-
ions, unsuitable forecasts, neglect of ecological knowledge, neglect,of ,.
scientific multidisclplinary methods for the solution of individual problems,
neglect of existing socio-political factors, sector approach in the solution
of complex problems and neglect of other approaches, lack of basic data,,,,
and last but not the least, lack of knowledge necessary for the comprehens»
ion of the mutual relationship between the various phenomena and the potent-
ial danger of Various reactions.

Mathematical models for fixed bed absorbers for surface diffusion must also
be provided for the predominant intraparticle mass transfer system. When a
mixing zone is allowed for the accidental release of effluents from the point
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sources, it Is necessary to know and to predict the dilution of the effluent;
before it reaches the boundary of the permitted mixing zone. This informa-
tion has to be made available to thé operator for all river end discharge con-
ditions in an easily retrievable form so that the effluent flows can be readily
adjusted in rate and concentration whenever necessary, in order to meet
specified water quality standards beyond the mixing cone. The maximum
width, the maximum length, and the enclosed surface area of the mixing zone
.may be thus determined,-:rj.acV;:c."

Project Indentlflcatlon, Formulation and Appraisal ' ••••

Tp make; the experience of radioactive waste, analysisayajjableïJ it is pro-»
posed to use training Institutes as the main forum for collection, analysis»
documentation, and dissemination of information and maintaining personnel
for the exchange of their experte nee, Proper codification is needed to make
it available in the form of a unified computerised foundation system.

The need of trained personnel is increasing rapidly and project requirements
must be kept in constant view while deciding on the number of training per-
sonnel. For information exchange to be really useful between various opera-
tors, the experience should be analysed, evaluated and communicated* The
engineers should cultivate the capability for sophisticated analysis of events
during their training.. Also it is necessary to have a single forum a regular

/ intervals for exchange of nuclear units. There are reports and investigations
; of unusual occurences. These may be documented. There is no set require-

ment for reporting such occurences . I t is only with the cooperation of-
variotts authorities in the mutual and common interest that we expect these

... t o t i e r e p o r t e d , , ,-.•,,.'., ' \ . , , . .. • •••'; • • - . . - . v : ' ,

, . . , ' : . • • • • • • • • • • ' >• , . - , . • • • ' • • • - ' • ! • •• • • • • • • , : • • • : . : . ! : - ^ - .

Ortoer Radioactive Wastes ! ; ,

Handling of radioactive spent ion-exchangeiTeslni. has received considerable
attention* The Ion-exchange design is such that the-spent resin can be
dried in situ and the resin cartridge as a t'iole can be lifted into a shielding
flask and transported directly for waste disposal. Additional operations
have been ôUmin^ted^^B^sed on experience, the capacity and the number of
ion-exchange beds in the purification circuit hiava been chosen so that the
heavy water radioactivity levels could be brought down to hear normal levels
following a split rod concurrence within the position out period of the re-
actor. Special care shall have to be taken in the design of the duplicate gas
balance lines between the reactor vessel and the dump tank to ensure that
condensed heavy water does not pose a problem under any circumstances.
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In the helium purification circuit/ several new features have been incorpora-
ted to achieve a smoother and more efficient working of the system. Pre-
casting and adequate drainage facilities have been provided in the preccm»
bination circuit to prevent condensation and to achieve higher recombination
efficiencies. In the freezer-dryer units, care shall have to be taken to
prevent Ingress of refrigeration Into the helium circuit. Liquid nitrogen cold
traps have been introduced prior to the sorbers to improve sorber efficiency
and to eliminate the problem of condensation in sorber vacuum pumps.

Normally, process water was circulated in a closed loop consisting of heavy
water and sea water. When the process water recirculating pumps are stopped
due to any reason, gravity flow from a high head process water tank if estab-
lished through the system to provide emergency process water flow through
the heavy water heat exchangers to dissipate the decay heat from the reactor.
The water is then collected in an underground deep tank for reuse. This
gravity flow of process water and the head available from the high head pro-
cess water tank have been utilized to provide an alternative source of motive
power ior the auxiliary heavy water pumps in addition to the normal power
supply.

The existing curves jetty and caisson may be utilized for supplying the nece-
ssary quantity of sea water to projects in addition to meeting the requirement
of curves. However/ a separate outfall structure may be provided near the
shore to discharge R-5 sea water. It may be observed that the existing pomp
chamber, design results in the deposition of salt in the pump chambers and ;

also gas leaching of the pumps during low tides, To eliminate these problems
and to cater to combined sea water requirements of curves and R-5, the
following modifications may be planned:

(1) Lowering the pump sump door to accomodate larger capacity pumps and .
to provide adequate submergence even during the lowest tide conditions.

(2) Removal of the existing baffle walls in front of the individual pump sumps
to prevent starblng of pumps at low tide levels.

(3) Installation of flow guide walls to provide for proper distribution of sea
water flow to all the pumps.

Six pumps may be installed, three in each of the 2 chambers, after the modi-
fications have been carried out to meet the requirements of curves as well as
R-5 reactor. Since in the new set up the sea water flow velocities in the
pump chambers will be more than double the existing velqcities1, the salt
accumulation in the pump chamber will be reduced considerably. Provisions
shall have to be made for back washing of heat exchangers and strainers at
full flow. Embodied piping may be kept to a minimum for easy maintenance.
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Fresh fuel as well as Irradiated fuel removed from the reactor may to«-tiaadled
and stored in a vertical position. The fuel transfer buggy situated in the
fuel transfer trench at a depth of about 1 meter from the top surface of the
bay water will permit easy approach to the buggy for ma^tenance wifoottt
having to drain bays. n

Proper Installation of the Hepa filters was ensured with uniform and sufficient
compression of the scaling gaskets to achieve a satisfactory 'filter bank
efficiency. Provisions for carrying out in situ, tests were made in all filter .
Installations for periodic testing of the bank.

Often, defective and improper filter mounting was found to be a major cause
of poor bank efficiency. The major wastes treated were liquid from system
leaks; system draining from maintenance works regeneration waste, and flow
down. The solid wastes were the spent ion-exchange resins, filter sludges
and concentrates. The gaseous wastes treated were the radioactive gases
produced in the reactor and other noncondenslble gases removed from the
main condenser. The gaseous wastes were estraeted from the main conden- .
ser by an air ejector and routed up through a hold of line to give proper pass-
age time and allowed to decay during its passage to the' slack. The radio-
activity of these gases was continuously monitored. Isolation valves, pro-
vided downstream of the hold up line with loop seal drains, close on a high
radiation signal from the monitoring system to prevent release of gases.

An improvement in desalination and the removal of calcium phosphate was
achieved by precipitation with barium sulphate. A two-stage precipitation
was adopted providing for the removal of calcium and strontium. Replacing
t h e f i l t e r s a l o n e d i d n o t s o l v e t h e p r o b l e m s o f a r e d u c e d f i l t e r b a n k e f f i c i e n -
c y . • . ' ' ; ;••••';. _' • • • ' : . .- .: •.•• •• -•• ,: ^ ' .".

. • U K : • • ' • ' • • ' ' • • • ; • ' " " ' • ' . . . . . . . . • • • ' " . , • : . ' ' ' • ' • ' . . . . , • / •

Stainless steel was selected as the liner material as aluminium did not meet
the criteria. Estimates of the induced radiation field did not preclude the
use of stainless steel. The assessment proved correct during the mainte** ;
nance of the door. The frame work was anchored to the existing liner and,
was made up of mild steel channel sections to suit welding of stainless steel
sheets.. Mild stèél flanges were welded to the channels using openings of :
20 cm . The gap between the existing wall and the liner was filled with
cement liner.

In certain cases, isolation of valves or pipes directly connected to the re-
actor without any isolation valve in between became difficult since there-
actor could not be drained without removing all the fuel from it. In such
cases, seal plugs, freeze plugs, or alternative methods of temporary repair
were used. At one time, all fuel and drain water had to be removed for pro-
per isolation of control rod drain housings.
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Equipment Protection

It betéjne necessary to reduce radiation fields,around the equipment to re-
duce the radiation dose received by technicians and supervisors. Deconta-
mination was effected by flusIUfcg with water or chemicals, working fronça
distance using longer or remoèè-controUed tools, and provision of lead, con-
crete, or water shielding to limit radiation doses / However, the extent to
which decontamination and shielding could be carried out depended on esti-
mates of the radiation dose required for these works as compared to that re-
quired in the actual work and the availability of personnel.

Narora Site

The Narora power reactor site would be posing serious challenges in> effluent
management. This hinterland location combined a very highly potential
aquifer of grbundwater with à number of rivers and canals that are extensive-
ly used 1er agriculture. It would be quite a difficult task to evaluate the
environmental capacity for release of radioactivity due to the re concentration
possibilities in the highly salted river or canal beds and the considerable
recharging of aquifers along the river or canal bank certain periods of the
y e a r

* ' ' • • • ' " • - . I • • ' ' • ' • '
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It will be necessary ta move towards restricting the release of liquid effluents
to as low as practicable limits and to completely prevent the permanent
storage of radioactive wastes on sites. This vulnerable nature of the site
aggravated the situation further with regards to storage of radioactive wastes.
No direct disposal of waste Is made to the ground, if the waste are known to
be carrying any significant contamination. In many westerns countries,
direct disposal of wastes into the ground is done for economic reasons.
Engineering containments of reinforced concrete with waterproof barriers and
additional protection are being invariably made use of in India for storage of
solid wastes. All storage sites are evaluated in detail with respect to the
geological and geohydrologlcal characteristics and a regular surveillance is
made in and around those areas by montoring the ground water and soil
samples as an additional check against the unlikely failure of the contain-
ment in which liquid or solid wastes are stored.

Researchers shall have to monito^the ecology of forest areas outside the
Kota Atomic Plant and the Narora'Atomic Plant to obtain a basis on which to
judge possible future environmental damage due. to Increased energy pro- „,
duction. U.P. has long been dependent on atomic plants for its power needs.

Scientists will study the effect of radioactive wastes on air quality and the
impact of air pollution on the forests of the région. Otherstudies will include
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testing birds and mammals, and aquatic studies will concentrate on the prod-
uctivity and population of aquatic organizations as well as chemical analysis
of water and sediments. By maintaining constant surveillance on the sites,
ecolofical scientists hope to be able to detect alterations in the forest and
aquatic ecosystems, thereby preventing serious damage, A year's high level
waste from the 100MW power plaint reached 100 m3

:. ,

Conclusion

It Is evident that a large amount of experience has been accumulated in India
in the field of atomic was Ce pollution cofctrol wiïh power plant components
diverse in size and manufacture. Yet^inspite of tne large experience, mis-

takes mishaps of identical nature occur, indicating that lessons from^these
experiences are not satisfactorily communicated to the actual operators. It
is necessary that an effective information or data bank is. buildt up whicH
reaches all the people concerned so that hot only the performance of systems
can be improved, but also necessary improvements in design can be under-
taken as a result of this feedback. To achieve this, it would be necessary
to take an objective look at the faults and the problems met. More specific
workshops and action-oriented discussions are necessary.
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MATERIALS FOR WATER PIPE UNES - VÂ TE ENGINEERING A j ^

by Dr. Trevor R. Smith, C. Eng., Ph.D.j M.I.Gas. E,, M.I.W.E.S.
Manager, Sales Technical Services, Stanton and Staveley, United Kingdom

Introduction

To a certain extent the degree of sophistication, industrialization and civil-
ization of a country may be measured by the attention paid to the importance
of its pipeline systems. Emerging and developing nations are paying increas-
ing attention to their infrastructures and water supply networks since they
play a vital part in their economic and social progress as well as improve the ji
health of a nation particularly if equal attention is given to the other pan of
the water Isycle - sanitation, various International sources of finance are
available for water projects whether they are for raw or potable water trans*-
portation, desalination plant pipelines (most important in arid countries) or
large scale irrigation projects.

Throughout all fields of industry there is at:bi»ic underlying need to derive
maximum benefit from design specification whilst keeping the total costs to a
minimum* Value engineering is a management analytical concept to ensure thà
that the use of sound eh&lneeriltg principles give greater value for money Q| to
put It another way, "borrow less money and buy more schemes11.

Today's pipeline designer faces a formidable set of options as he prepares to
select the most appropriate pipe material for his particular water supply Sche-
me. Manufacturers are constantly striving to introduce new materials, higher
performance, modified or new Joints / lh order and fittings selection is essent-
ial for maximum cost effectiveness. :

Value EiMifarefflciog for Water

Given a basic conceptual schem^loir. convening j*a|er Iroro point A to points B,
C, 0 , E, e tc . , it is usual to allow for both short term and long term future
developments which have to take toto account population growth and shift,
industrial development, weattjj&r and several other factors which can govern
the design and choice of pipeline. Usually, lifetimes of 60 - 1CÛ years are
taken as a basis and generally speaking a conservative appxoach to water de-
mand is likely to be less costly in the long run. Nevertheless, there may be
occasions when it is cheaper to J^Ud for the short term and reinforoe later.
Once these parameters are ^taWisJjied it is feasible to undertake a more ci
detailed value engineering analysis.
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Such an analysis bas to consider ail factors and these can be grouped or cat-
egorized as follows:

• . . . • • ' • ' • • . . . • • • ' , T •

• • ' • ' . ' • . • " • • * , . . . . . " ; , ' • •' - " ' " • • • ' '

• ' ' , • • ' • - • • • . ' % • ' ' . ' ' ' • ' . • • / •

1 . S y s t e m R e q u i r e m e n t s ••. •<•-,'*•'•••: • • "'•"*'" ••''''"" ' . :
™ * * * * ' * * * * * ' ' i * * * ^ * ' * * * a * * .> '.,.' V.'1"'"1' •:

1 > 1* H^dcauiMb char^ci|ôriâtics
4^ te^ '

. Health (andVèfety) considerations
1*4. Type of water

? V F&fiellne Requirements

^ . 1 , Basic pipe dptiofts

, . . Û - - • • • • > ' • '

performance
;«.4« <TotaI system

2 .

on Requirements

3*,-. Resistance to handling and tranôportîitlp^;dan»ag«

J- ' ° ;••' 3 . 5 . Cost.d:

. • • , . , • (

^ ^ j CO
4 . 3 . Resistance to changing soil/traffic loading
4 .4 . Minimum maintenance . v ^ ;; ^ ^ •••^"•"',
4.5* Ability to insert branches or ooiïneétiôiiié^ ^ ^ "

The sections that follow discuss these different aspects and set out to&Uust-
rate diagrammatically how tiïe parameters can influence tiie selection of mater
ials.

. . .
Svatem Requirements
Ona the quantities of water to be transported and pipeline routes have been
outlined/ pipe diameter and pressure requirements can. be computed^ Hydraulic
flow in a pipeline is governed by the pipe internal diameter and a friction co-



efficient,
tare»,

These vary for the
3 pipe materials

materials aiid methods of
bore diameter and increase the

wall thickness, a^'fte^,.^iktoai..<tia)Éé«er^ 'tomeetpre«s;««e,rej(iulre-. •
tnents? whereas others have a standard outside diameter (easy for jointing) and
Increase the wall thickness internally for higher pressures. For some mater-
ials, one class of pipe covers the majority of requirements, (e^g* ductile iron
class K9). Table 1 gives an index of flow capacity for the'âSferent pipe
materials against a range of pipe diameters.
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As previously mentioned, there are a variety of classes of pipes W cover
usual operating pressure ranges. Figure 1 illustrates this variation In the
form of a bar chart. • _ ..

É survey will Indicate not only the s tattc head condition but will also
'* ' pe of ground, traffic loading, wé+èr table, river^ likelihood of

lc>cal clvU engineering ciifitai^iK^s, proximity to other mains
^ of access,, eto*,. mtâ:to*Ê0Uçtm"càti^ significant

.•H.-.V- •

^0^0^0 , eo* m:0çtmcti^ gnii
effect on thé choice of materials, pipe classé» and Joints. For Instance,
ductile iron or steel are preferred in earthquake aones. Figure 2 gftresjan
indication of the relative performaao* of pipeline ma ten a la tft ground liable to
subsidehoe or settlement. .

• • • . - - ; • - , ; • , , . . ' . ; , ' ^ ^ ; - 4 . - x • • ' • : " ; • ' " ' - t - , ; ! ' ; • ' • • " , • •

Whilst the provislOA of piped water »upply Improves the health of the coromu-
nlty, consideration has to be given to.providing wholesome supply at th« tap, ;

Vtbfc$iQV$ i**# *wtfy checkipg <&#iwé&àfà^m^^ but 'àfya..Qa&xrïagl.
that ÛO contamination of the. voter occur* in tranàportation through th« mains. •
Generally s peaking* ^ coal far coating» are now conéidered unwise for potable . ;.
water pipes, (bitume* being frefetred) and in some areas, fears of pick up of
asbestos fibres limit the u^e of liwt material. Wvft.O. provision or guidance
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should always be &JJiqwM^ The . | f | )e ;^»wôte^^h;f^jÈto chôi^

lining ttffcomm

Within this category there are s^veraTfactors which are related, end there-
fore it is worth cortsiaering the different pipeline sy s terns the t are available
for water supply projects, À ; ... ' ,••'.̂ ' \r"j;.:'d;i,-'-o,r.-̂ ^

• ' • • ' • • • ' • : ^ : • • ' : ' • > : - ' " - • ' • • ' • • • • • ; •

. - . • - - - •

Ductile iron is probably the most widely used material for water supply pro- -
Jects, It Is widely available in the range 60 - 1600 mm with push-in, mecha-
nical or flanged joints. Limited supplies are available in sizea;outside this
range. Pipes are made in different lengths according to National standards,
but 5,5 or 6 m are the most commonJy used lengths. Longer pipes up to 6 m
are available in die larger diameter sizes. Ductile tron pipes and fittings are
made in accordance witt} British Standard 4772 and have a maximum Workinçf
pressoœ in the range 25-40 bar dépende*^on sta&, Pip«» -madê to British
Standard 4772 are ajso in compliance with the requirements of ISO 2531.

?•<*•' "'y:r'? Ci]-,'.: . • . - • " ' ' " . • • . ' . . . : . . • • • • ' . . , . , ' . : ; « •
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like its» derivative ductile iron, grey pipe is widely used throughout the Water
Industry and there has be*n a long tradition of use stretching ba«ktO the 17th
Century. Pipes are available in the size range SO - 500 mm and are sîiitàb^, ' ..
•1&t wording pressure up to 16 bar, dependent on the class of pipe. Grey iron ,
p i p e s a r e m a d e i n a c c o r d a n c e w i t i » B . S . 4 6 2 2 . •• v - " 7 ' * : -:' ^ • ' ; , r • ; • • . • • . • . . / ; • > ••••"••••••
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Près très s ed concrete pipe ia made in the diameter range 600-3,200 mm by one
ûi two methods. The "cylinder" pipe, which has been used in the U.K. for
25 years without a sir^le operating failure, incorporates a watertight steel
cylinder membrane within the wall thickness of the : pipe and the prestresgirîç ^

- win* Is wound helically onto the outside of tiite cylinder/ Près tressed non-,.;. ..-
cylinder pipe, as its name.Implies, does not have a ««eel cylinder. In this
pipe, preetressed wires Ue longitudinally within the waUflilcknëss of the con-
crete core of the pipe anf this core is subsequently provided with a helical
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Winding of pçestressed wire. In both cases the windings are protected by a
cement mortar cover coating. Près tressed concrete pipes are suitable for
working pressures up to 12 bar according to class and they are manufactured
in accordance w|th 8.S. 4625. However, prestressed concrete pipes are
relatively heavy and are usually installed in the country of manufacture. The
export potential for such pipes is usually limited by the high cost of transport,

RPM/GRP

Glass reinforced plastics are new pipeline materials for the water and sewage
industry; iflanyofthe origi i^ designs, were Jfeally developed for industrial
applications for aboqreground conveyance of corrosive fluids. More recently,
GRP pipe has been developed for buried applications. There are several
techniques for making GRP pipe and all methods result in a lightweight flexi-
ble pipe. The use of sand and resin to increase toe thickness and hence the
stiffness results In a pipe which Is usually described as reinforced plastic
matrix (RPM). Whilst RPM pipés are available as large diameter pressure
pipe», many o#tH<e other GRP systems are only available for non or low près s-
uredapplications. Pipes are manufactured in accordance with B.S. 5460.
All these pipes are susceptible to handling and installation damage and care
must be taken to protect the pipes in transit. Usually, GRP pipes are export-
ed in open crates Jbirt this is an additional expense which is reflected in the
final price.

Steel Ploes

Steel pipes are still frequently used for water mains and can be made seamless
or by welding plate or strip. If a welded joint is to be used, skilled labour Is
an essential requirement. Frequently, a mechanical joint such as a Viking
Johnson collar is preferred. The similarity of the mechanical performances^ôf
the cheaper ductile Iron and steel pipe has led, in general, to a diminishing
M share for steel pipe in the water market.

P V q P i p e , : • • ' . " •• : '•• ••••• - ' • •'•'''•' ' • " ' ^ ' . . ; • , ..•;.. •• : '

PVC pipe is widely used for water mains «end is available in the size range 25 -
600 mm for près cures up to 12 bar. PVG pfpe$ are jqintedusing solvent
cements, but a larger proportion of applications now utilise push-in joint sys-
tems. Care should be taken when designing PVC pipe systems, not only from .
the lnstéUation point of view but also to give full consideration to the effects^
of surjgér and pressure fluctuations, since there have been several reported

failures attributed to pressure variations. Other factors which should be



taken into account are the deterioration In performance which takes place as
temperature increases, i . e . reduction in working pressure ratines and the sus -
ceptibility oi the inaterial to inference damage* PVC pipes are made in accor-
dance with BiS* 3505*

.Polyethylene Pipe

Joipe ià:^{yf||te^:^^''^-««teé..|^ai^i/;)à terids «© before fire*
^uently used; fb¥ services or for temporary irrigation schemes * Two systems t*-
are available one based on low density polythylene made to B*S. 1972 and the
other based on high density polythylene wade to B.S. 3284. Pojythylene Is
generally inert in most corrosif environments, but it is subject to tempera-
ture limitations and has limited resistance tcr interference damage. In many
respects, these limitations are similar to those of PVC pipe.

Asbestos Cement w

Asbestos cement pipes have been used for water and sewer mains for approx-
imately 50 yeafe. Pipes are available in the size range SO - 900 mm with
pressuresittpito 12 1/2 bar dependant upon class. Pipes are made to B.6%
486. Because of the method of manufacture, different classes of pipe have
different outside diameters and consideration must be given to jointing when
handling varying classes of pipe. :

of

Each pipeline system tends to have a different range of jointing concepts.
The most commonly used types of joint for the Water Industry tend to be >'.-'•.-•*>•
mechanical or push-in joints because these can be made without the need for
highly skilled labour and sophisticated machinery andcpfiÇfefljps more_import-
ant, can be made In any weather conditions, Rubber ring joints are part-
icularly easy to assemble in Asia vihere rainy seasons occur, the Joints can
be made very quickly so .'-ct the pipes can be quickly installed in the trench,

J n ' ""; . ; , ' . ' ï ' " . • •' • • • . • ' ' . ' \ ? S •:•$%•' :>•< ' • •>, . . ' : '••'• : "•

In the case of ductile and grey Iron pipes the joints have to be suitable for
their high operating pressure ratings,, Because the joints are design for this
high duty performance their sealing capability is such that they will resist
full vacuum conditions should these ever arise. For applications where water
tables are High or river crossings are constructed, the ability of a pipe joint
to withstand external pressure is of paramount Importance to ensure there is
no infiltration into the pipeline network.



There has been an increasing demand for anchored joints to facil i tate the i n -
stal la t ion of pipes in more demanding application and the Iron pipe manufact-
urers now offer a wide range of such Joints to cater for most demands. The
following sketches i l lustrate a range of joints that are available for iron p ipe-
line sys tem. •• , •

Tyton Joint {Ductile and Grey Iron)
Push-in flexible joint
Size range DN 80~600o
Deflection up to 5 (4 *<* s i z e s above DN 300)
Normal maximum workworking Dfectile iron C las s K9 ut i DN 300 - 40 bar

above DN 300 - 25 bar
Grey iron Glass 1 10 bar

Class 3 16 bar

Stantyte Joint (Ductile iron) W
Push-in Flexible Joint
Size range DN 700.- 1600
Deflection Z 1/2° - 4 ° according to size and design
Normal maximum working pressure Class K9 - up to 25 bar depending on size.
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Tyton Anchor Joint (Ductile iron)
Pttsh-in self-anchoring flexible Joint
Size range DN 80-300

Deflectiç>n a-
Normal maximum working pressure

10 bar
v •> i ^"''

Stanfast (Ductile Iron)
Push-in self-anchoring flexible joint
Size range DN 350 - 1000

Deflection 2-4 depending on size
Normal maximum working pressure
Class £9 - liS bar

Tie-Bar Joint (Ductile iron)
Push-in self-anchoring flexible joint
Size range DN 350 - 1200

Deflection 2 1/2° .
M aximum wor king -presjure up to

25 bar purpose designed
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Stanlocfc Joint (Ductile i r o o ) £

Mèôh«ièeal flexible joint
Size range DN 100-600 -
D e f l e c t i o n 4 ° • : ; .. ,.,/-..; '•• - ^ ".[;'•• •'•'.- "'-::-'^l ".,,..; i:- . '.,
Normal maximum working pressure Ciasè Kâatl D»r • 300-- 40

•;:' ;'^.-. •:••'•'••; "̂ '/'." : '•'•"'.. • a b o v e O N 3 0 0 - , 2 : 5 b a r

"S

Bolted Gland Joint (Grey Iron)
Meci«miéalïlé>m>lè Joint

range DN 100 ^ SOU

..... ,v

Normal maximum working pressure Class 1 - JO bar
Class 3 - 16 bar

• J. •";; i . . - i . i
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Flanged Joint (Duct%. and Grey
Sell-anchoring rigid joint
Size range Ducttte iron DN 80 - 1600 Grey iron DN 80 rjSOO .
Maximum working pressure Ductile iron up to 40 bar - depending on flange

Grey Iron up to 12.5 bar - depending on flange
rating

Pipe Performance

In the past, the majority of pipes were rigid conduits with thick walls, now
pipe manufacturers have improved their technology, new end higher strength
materials have become available and economies have been achieved in wall
thickness. Generally, thick walled rigid pipes are Squired to withstand the
majority of the vertical loads applied. Thin walled flexible conduits require
that consideration be given to the supporting effect of the soil .

Asbestos cement, grey iron and prestressed concrete pipelines must be re-
garded as rigid conduits. Wie ability of the rigid pip© to ©arty external load
is directly related to the structural ring strength of the pipeline* m order to
maximise performance of a rigid pipeline, it is necessary to have good pipe
bed preparation* .

Steel and plastic pipes are treated as flexible conduits. As the sides of the
pipe distort under topload conditions, the flexible pipe material places great-
er reliance on the ability of the backfill and surround to withstand the verti-
cal loads. Thus considerable attention has to be paid to the embedmer and
backfilling of such pipes with greater attention being necessary for the less
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stiff and more senitlve materlais. 'Ductile iron is unique of all the materials,
in that it combines the properties of both rigid and flexible pipelines, In the
smaller dlameter$,its behaviour is very similar to a rigid pipe but Its ability
to absorb deflection gives it a superior performance. In the very large dia-
meters it can be considred to be flexible pipe and considered to be flexible
pipe and consideration has to be given to the installation of the pipe* For
the majority of instance, simple tamping of the backfill material will be suff-
icient, 3Dtesjk&$ ï2ad$s,cim. afcQilairi&Jià gjfete^âtfërlgMdance in this matter.
Figure 3 shows the relative pipe stiffness of different materials. Table 2
shows a comparison of the properties of various pipeline materials.

Total System Concept

It is aaual for the pipeline designer to concentrate on the selection of pipe
material and then to make an appraisal of the fittings. In some cases, it is
not possible to have the fittings made in the same material and thus the in-
stallation crew may have to be aware of the different performance and install-
ation criteria1 that may be necessary for fittings as opposed to pipe. For
instance, tâè mediù?n and high pressure requirements in GR# pipe it is nece-
ssary to use sitëelor iron pipe fittings. TheSte fittings will be relatively
rigid compared witlî'the pipe and therefore it is necessary to consider the im-
plications of a rigid flexible transition in the pipeline system. The ability of
joints to perform 'under topload and sheet loading conditions can be critical at
such a rigid flexible interface. Similarly^ for other plastic materials, corres-
ponding plastic fittings may not be available throughout the size and pressure
range. Whereever feasible, the first consideration should be given to using
fittings made of the same or compatible material as the pipe. Iron and steel
fittings are frequently used with all the pipeline materials, since a wide
range have always been available to an iron pipeline system. It is , of course,
necessary to adapt the Iron fittings to meet the dimensional criteria of an alt
alternative pipeline system.

Availability and L. terchanoeabiiitv 1

In laying distribution networks, it is usual to ensure that the system can be
extended or repaired without any difficulty, thus security of supply and inter-
changeability between manufacturers is an important criteria regarding the
selection of a pipeliri#system. International standards provide great as sis t-
ançe^ljC^:>fhese';iJ(hë^','!BriU^b. Standards?;are often in- compliance vtëttl?Inter-

n a tion?al standards and they $re widely accepted as standards for manufacture
ix\ many countxï&i'. However-, 'Jthere can be a significant problem in respect of
pipeline systems based .on inch series and their equivalent based on metric
series. It is therefore essential, that the pipeline dfceigner knows the differ-



énce between a 4H PVC main and its metric «Suivaient HO mm. The use of
International standards to get a greater world wide commonality is to be
applauded if full security of supply and interchangea bility is to be achieved.
The ductile iron pipe manufacturers have gone a long way to meeting customer
requirements in this respect, and pipes made to International standards are
now available from the UK# France, Germany, Japan, America and several
smaller sources of supply. In each case , there is complete interchangea bility
in that a pipe spigot from any one country can be joined to a pipe socket of
any other country.

INSTALLATION REQUIREMENTS

Type of solL pipe bedding and backfill ^

As nkpntioned previously, a route survey will give an indication of the type of
ground the nature of the soil and whether it is suitable as pipe Bedding mater-
ial and backfill. In the case of fully flexibioi.pipes, the type of soil becomes
of paramount importance and it is necessary to check whether soil can be pro-
perly compacted to give the necessary Support to the pipeline. If the so i l is
suitable for the pipe surround, it will be necessary to achieve the required
degree of compaction of the soil so that the necessary soil modulus and
Proctor Density are achieved for the correct p>rformaàtîlft of the pipeline
system. In the case of rigid pipes, it is necessary to fôftve a bedding matei?-
ial which is going té ^support, the pipe evenly and It is often necessary to
import granular bedding materials to s i t e . Figure À gives a comparison of the
grades of embedment conditions that are necessary for different materials
under a typlbal set of loading circumstances. Ductile iron sipe requires the
least amount of compaction and the soil modulus of 3 MN/m can usually be
achieved with minimal compaction. For higher toploads, flexible conduits
require higher densities in all c a se s , . ,.

Some pipeline materials are more sensitive to imperfections in the backfill
tl.a i others, such imperfections can include rocks, uneven bedding* voids#
imperfect compaction, variations in water table, e tc . Figure 5 serves 66 in-
dicate the sensitivity pf certain materials to imperfect backfill. It is possible

to determine whether a soil is aggressive to a pipeline material, A resistivity
survey will establish whether an iron pipé system needs any corrosion pro-
tection. The simpliest form of corrosion protection is achieved by encasing
the Iron pipe in a tubular film of polyethylene, This is undertaken on site '
immediately prior to jolntipg. Thé film is snugly \fitted aftfcng the barrel of the
pipe and after jointing the protection is made continuous by bringing the p o l y e -
thylene sleeving over the joint area or by wrapping the Joint with a wrapping
tape. Polyethylene sleeving has been found to be very effective and relative-
ly cheap, 2% of pipe cost being typical. Corrosion protection systems are
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always advocated for steel pipelines and it is usual practice to back them up
by cathodlcprotection in order to avoid any rapid corrosion at defects in the
coating system* High chloride and high sulphate soils can be Identified by

, s,ofj sampling, since they1 can cause degradation of cementatious based mater*:

ials. Special protections may be necessary. Figure 6 indicates the premium
over pipe costs for protecting different materials.

Method of Tolnting

It is possible to make most push-in joints very quickly indeed using simple
jointing tackle or the digger bucket of an excavator. Being quick and simple
to make, it allows pipe laying to keep up with trench excavation and reinstate-
ment can quickly follow. Mechanical Joints although taklngfslightlyJonger to
make, do not delay pipe installation. Welding techniques can take much long-
er and necessitate skilled labour which in many countries is a scarce corn" ~L'&
modify. Furthermore, the critical nature of a weld necessitates higher levels
of site supervision and inspection and the possibility of a greater incidence
of leaking joints under test. Clearly, the length of pipe is one of the factors
to be taken into consideration. Figure 7 gives an in4̂ ?g|lçmLo:fjtfcekwHftfcer of
joints per kilometre of pipeline with 170 being a bout "average. In certain
system using collar joints, it should be noted that the number of joints is
double. At times, manipulating small push-in jointed collars can be a tricky
operation. For distribution systems a large number of fittings will be neceV''..'•
ssary andjtbis will increase the numb>r of joints involved in any brie system.

Resistance to Damage

Robustness is an Important characteristic for a pipeline system if it is to be
handled many times between the manufacturer and Installation on site. For
those materials which are more sensitive to impact damage, greater carè has
to be taken at each stage* Some materials are prone to spigots cracking whilst
others will shatter upon impact. The relative sensitivities to on site impact
damage of differentmateriaiè *is indicated in Figure 8. ' l ': >m

Leak Tlohfoess

Once a pipeline has been installed, the pipe should be hydros ta ttcally tested
according to the codes and practices established for that country for the part-
icular pipeline material involved. The level of pressure test reflects the
nature of the material and the types of defects or damage that could have
occured during installation. For a brittle material, a searching test is nece-
ssary to ascertain if there are any cracks in the pipe wall; with a tough
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material, cracking is an unlikely oecurence, and the test is more one of pipe-
line and joint integrity* Some materials absorb large quantities of water, e.g.
près tressed concrete pipe, and it is necessary to make due allowance for this
water absorption. The cost of testing reflects the anticipated pipeline integ-
rity and the speed of achieving an acceptable test result (see F^ure 9), '

Cost of Installation i .

Installation costs vary for all the different materials. This can be dependant
upon the actual trench width influencing excavation andoreinstatement costs,
the type of backfill, the number of Joints, ̂ resistance to damage, ease of test-
ing etc. In general terms, for small diameter mains the cost of installation is
the predominant factor. The selection of a cheap pipeline material could re*
suit in significantly increased installation costs which could more than off-
set the initial material savings* In the larger diameters, the cost ofpipe-;
predominates in the total installation, qpst ànditherefore it Is of"paramount
importaricë'-that the maximum economies pipe selection are achieved. The in-
stallation costs associated with large diameter pipes ere still significant and
should not be over-looked. A schemmatlc indication of the influence of pipe
material and installation cost is given In Figure 10. This is meant toillust~
rate the typical range of material - Installation costs far pipes laid in open
country in good ground. In rocky ground conditions, the installation cost will
increase* Similarly, for pipes being laid in:roads, the cost of installation
increase* In all cases there are many unknowns and unforeseeable factors,
and it is Only by careful site supervision, that the correct decision can fc>e
t a k e n . : • • ••• ''-••• '""".•.,.',.-,• • • • ; -. • • • • ' • ' '

Operational

life Expectancy ,

Ail installed pipelines àbauld be considered as national assets and therefore
it Is in the interest of the community to protect this investment. Thus, initial
installed costcof a pipeline should not always be taken as the overall cost, ,
particularly If one pipeline, material has a predicted life of 50 yearig whilst
another has a life expectancy of 100 years.; Obviously the case for increasing
life expectancy by providing a corrosion protection system can be made, and
the appropriate decision taken.

Clearly, simple cheap corrosion protection measures such as polyethylene
sleeving for iron pipe systems or the use of sulphate resistant cement for pre-
sses sed concrete or asbestos cement pipes can fee decided upon without re-
course to financial advisers whereas extremely sophisticated corosion protection»



systems may need comprehensive technical and economic analysis.

Often traditional materials such as grey iron offer exceptionally good value
for money, because the wide experience has established all the limitations
and identified methods of design, installation and operation to guarantee a
high probability of long life. Newer materials such as plastics dô hot have
this experience and therefore it is wise to be conservative when anticipating
the life expectancy of any pipeline, system. (Brpmell reported to the Interna-
tiona t Water Supply Association tnl^oto 1977 an increasing failure rate of

pipes with age of service. ,

Resistance to Surge

Unfortunately, most distribution systems are unable to operate at constant
pressure and variations will occur as pumps and valves operate to meet de-
mand conditions. Some materials are more sensitive to cyclic pressure and
surges than others. It is now common practice to reduce the design stress of
PVC pipes where cyclic pressure's' are significant. This usually results in
selection of the next class of pipe.

If surge Is a significant factor in the operating cycle of a pipeline, consider-
ation has tp/be,0vien both to the maximum pressure and the associated vacuum
condition. Thus for complete operational safety i t is necessary to select a

, .material'such as ductile iron or grey cast iron (wfeich; hàv,esufficient reserves
of strength and resistance to collapse and leaïcag^), or introduce surge sup-
pression equipment. Value analysis identifies the cheapest solution.

Resistance to Changing Soil Loading Conditions :

Earlier sections highlighted the need for examining the top loading conditions
and selecting the correct pipe and trench conditions ^6 meet the foreseen
demand on a .pipeline. In rapidly developing countries new construction sites
and ro^ds,plaice,additional demands on established pipelines* In these cir-
cïumlîanceç-iSielection ceux prove to" be a wise investment.

It has now been established that each excavation in close proximity to an
established pipeline can result in additional bending stresses. Excavations
on adjacent services or the preparation of foundation for new buildings all
cause earth: movement which produce additional stresses in the pipeline. If
pipes are imperfectly laid (or subsequently distrubed) then the bending stresses
can become significant. Pipes behave in a different manner In these circum-
stances. Grey iron and asbestos cement have a reasonably high resistance to
bending stresses provided there are ao stress concentration factors resulting

H<



from imperfect bedding. Certain plastics and steel pipes are capable of large
deflections but they can bufcle or collapse, GRP has limited resistance in
bending and it is essential to correctly install i t . Ductile iron pipe has a
high resistance to bending stresses and is capable of withstanding significant
strains giving a good all round performance.

Maintenance

Most pipeline systems operate with the minimum of maintenance provided the
pipe is of good quality and correctly installed; Over half the operation fail-
ures in a cc#ectly installed pipeline will probably be attributed to external
interference. Thus it Is recommended that only pipes and fittings manufactured
to approved standards and backed up by a full quality control and inspection
scheme are selected. Training of operative to correctly tfntall pipes is also
important. Selection of a pipeline material which is resltant to installation
Imperfections and external damage will also ensure a good maintenance
record.

Availability of repair systems should also be studied since a limited number
of failures is Inevitable.

Ability to insert branches or make Connections • ",

Finally, consideration should be given to the cost of installing service or "
branch ? connections, Only on ductile'or grey iron systems can simple cheap
ferrules be screwed directly into the pipe wall. On steel systems welded
connections are available w&llst on asbestos cement and plastics, wrap
round saddles are required. In congested areas with many services in close
proximity, the cost of service connections can be a significant factor in the
overall economic evaluation of alternative pipeline systems.

Concluding Remarks

Analysing the technical performance and evaluating it against cost is a power-
ful tool for engineers and accountants alike. Although this-paper attempts to
quantify pipe performance, this will vary for each diameter, class and type
of pipe. One factor which is not built into the analysis is the question of
sporce of supply. Some developing nations give preference to pipeline systems
with a local manufacturing content, whilst others prefer to buy at lowest cost
on the world market. One compromise alternative which is frequently adopted
is in grey iron flanged pipework. Grey iron pipe is purchased from overseas,
flanges attached locally and the system supplied with locally manufactured
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grey ironilanged fitting?.

Provided all aspects are considered at all stages and long life is considered
as a prime requirement» then the extra cost of selecting the best available
material and avoiding the subsequent expense of excessive repairs or replace-
ments will be shown to be a bargain. Taking note of materials limitations r -
rather thamfchëir strength is a good approach to avoid the Jong term cost of
short term savings. A value analysis appraisal will lead to maximum cost
effectiveness which will benefit the community as a whole.

Question and Answer:

Mr. Rahman

Dr. Smith

When you export these pipes to developing countries, are
there some problems to compatibility between local products
and imported materials ? I had a great deal of problems In my
research to see If there are locally available products to fit
imported materials.

Compatibility is one of the difficulties, that is why I think
international standardization is moving in the right direction.
It is widely used in the Far East simply because local manu-
facturers have the fittings to go with it .

There are problems of compatibility because people supply
parts from the Western World before standardisation is even .
thought of ; PVC systems are again a classic one between the
imperial and metric systems in operation. My company has
adopted the metric system and has spent very large sums of
money to go metric. Having done so we still have the problem
of the US operating in a different dimension.

It is difficult; I sat on many committees arguing about inter-
national standardization and we agree that we have got to •
have some degree of compatibility, otherwise when we get
into technologioal breakthroughs there will be loss of benefits,
sometimes some headaches.

•J.L
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RECOVERY OF ENERGY, FERTILIZER AND WATER FROM STRONG ORGANIC
WASTES BY THE ANOX PROCESS

by D. Evers, B . S c , M. I n s t . / W . P ^ C (Dip); M.R.S.H. , Managing
Director, D. Evers <& Associates Limited/ United Kingdom

General :J

D. Evers and Associates limited offer Turnkey systems for continuous and
.automatic: effluent treatment and provide and experienced team of systems
engineers wçxking in the effluent process environment. >

The principals of the Company have a background in effluent process engineer-
ing and are experienced in managing capital projects with a focus on pollution
control.

D. Evers and Associates limited is a young company with a new formula for
improving process economics through an -integrated systems approach to pro-
cess engineering.

D. Evers arid Associates limited is a specialist in process plant and, in part-
icular, effluent1 treatment, and in conjuction with Mechanical & Combustion
Engineering Co. Pte. Ltd. 10/12 Jalan Kilang, Singapore (MECOMB), has the
resources and expertise to cover engineering projects from the design of spe-
cific articles of equiproônt to the total systems analysis, design, fabrication
and construction of an entire effluent treatment system.

Many organisations may possess the necessary skills to design and select
specific items of equipment. Few, however, have the experience, the integ-
rated team approach or the top management time which are essential for the

creation and future profitable operation of total systems.

The Evers/MECOMB team has been structured to provide multi-disciplinary
expertise in finance, systems analysis, engineering equipment selection and
procurement as well as contract management; training of client's staff and
plant maintenance.*/

D. Evers and Aâsociètes Limited and Mecomb Co* Pte. Ltd. offer this total
service. ,; '•'"'%> ",:• '•'•••'• •'•. ' : \ " j ; . . , , . . ; ' ' . , ,

D. Evers and Associates limited has developed a number of processes, and
can confidently handle almost any pollution problem. :

• • . • • V 1 ; ; ; ' ; .
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The Companies specialise in advanced waste treatment techniques such as;

a) Biological treatment with oxygen
b) Anaerobic digestion
c) Physico-chemical treatment
d) Electroflotation i »
e) Catalytic oxidation ^
f) Ion-exchange ,, i - - -
g) Reverse osmosis and desalination ' ;
h) Carbonfiltration
i) Solidification of toxlo and intractable wastes

and through their associated companies produce package treatment systems in
all these categories and many more.

Applications include effluent process control in the following areas:

Agriculture: Breweries and distilleries: Carpet Manufacture: Ceramics: Domes-
tic sewage: Food prepearation and canning: Galvanising: General chemicals:.
Leather and tanning: Marine wastes: Metal finishing: Non-ferrous metal pro-
cessing: Oil treatment and sludge solidification: Paint technology: paper pulp
and carboard: Pharmaceuticals: Phenols and cyanide: Plastic manufacture:
Slaughter-houses: Steel manufacture and processing: Synthetic fibres: textiles
and dyeing: Wine industry.

Additional areas Include: ,

Closed loop fish farm systems: Drinking water supply: Fume scrubbing and1

odour control: Swimming pool recirculation and treatment.

Our approach is extremely flexible and consequently the best solution, both '
technically and economically, can be found for any problem. " l

Qjjeofthe processes developed, and patented by D. Evers and Associates
limited which has attracted a great of interest worldwide because of the energy
recovery aspect and Its significance In this present energy cirsis is the ANOX
process. ••' ' • ' . • V" . ' •'":" ".'".

The ANCX Prbcess Is a system developed by D. Evers and,Associates limited
of Worcester for the treatment of strong organic Wastes to produce a clear,
sterile and re-usable liquid, and a solid suitable for conversion to a fertilizer
or high protein food,i*whilst being completely self-supporting energy wise.

This is achieved by using a highly efficient anaerobic digestion first stage
which reduces the BOD by approximately 90% and gives off methane in a Bio-
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gas. The surplus gas is burni in a specially adapted engine coupled to a gen-
erator which gives sufficient power to run the second and third stages of che-
mical treatment and catalytic oxidation respectively, and there is also an
abundance of surplus gas which can be used direct, as a heating source or
conyertedvvtQ electrical energy to supplement, or even totally satisfy, the
ixVwer requirement of the entire establishment. -

Anaerobic Digestion ~ ' i i t

The anaerobic digestion process involves a complex series of reactions brought
about by a mixed culture of bacteria. Two phases of decomposition occur in
the digestion of organic matter: the liquefaction and gasification s tages . The
end products of the liquéfaction stage are utilized in the gasification s tage .

Bacteria are the essential ingredients of the process . Their reactive potency
is partly explained by their tiny size and consequent massive external surface
area. Man has a surface area of 0.16 s q . m . A g . whereas bacterial have a
surface area of around 62,500 sq.m» Ag» The bacteria needed occur naturally
and will increase in numbers as the process continues.

The liquefaction of organic matter occurs when enzymes catalyse the hydroly-
s i s of complex carbohydrates to simple sugars and alcohols; lipids to glycerol;
Protein to peptides and amino acids and fats to fatty ac ids . These hydrolysed
organics are further broken tdown to organic acids by anaerobic bacteria v 'ï

The gasification stage consists of the conversion of simple organic compounds
t& the final end-products of carbon dioxide and methane, plus an inert organic
residue known as digested sludge.

Liquefaction and gasification occur simultaneously in a well balanced system.
The two phase nature of thç anaerobic digestion process is brought about by
the presence of at least two large and physiologically different bacterial
populations. The composition of the input,and the environmental conditions
applying are major factors in determining which species predominate at given
times in the digestion process .

ANAEROBIC DIGESTION

CARBOHYDRATES" PROPIONIC
ACID METHANE

• • ' • • • . • • C H 4 . :.. . - "

ïs-ACETJC ACID * — ANE)
y ^ CARBON DIOXIDE

BUTYIUC ACID CO2 i'



Active bacteria are present in anaerobic digester» in concentrations of 1 - 10
million per ml* Comparing these figures to those found for non-tnethanogealc
populations suggests that nearly equal proportions of methanogenic and non-
methanogenic bacteria are present in the average anaerobic digestion prooess.

The number, types and species of micro-organisms initiating fermentative
events are undoubtedly selected by the environmental conditions Imposed,
Methanogenic bacteria are now known to be widespread in nature» having been
isolated from garden soil; black mud; the rumen of herbivorous animals; mars-
hes, ponds, lakes; sewage and sewage treatment processes*

Bjo-ffas »

The composition of the gas depends on the kinds of material being digested,
and the length of time the sludge undergoes digestion» Not all sludges con-
tain the same amount of gas, and not all bacteria form the same quantities of
methane and carbon dioxide when they decompose organic matter. Most
sludge gas produced from digesters is approximately 70% methane, 30% carbon
dioxide and has traces of nitrogen, ammonia, hydrogen, mercaptans and
amines, hydrogen sulphide and water vapour. The 70/30 methane to carbon
dioxide ratio may vary by as much as 10% either way*

The calorific value of bio-gas varies from about 580 to 750 BTU per cubic foot.
It is about 16,000 BTU per lb. The ignition temperature of methane in mixtures
with air is the temperature to which the mixture must be raised to cause spon-
taneous combustion. This varies of course, with the purity of the gas, but
for pure methane in air at atmosphere pressure* the ignition temperature is
300 - 350°C.

Methane has a higher calorific value than petrol (23,000 BTU/lb. compared
to 18 - 19,000 BTU/lb.) Due to its higher hydrogen content. Engines running
on natural gas or methane have the advantage that they can go as much as five
times further between oil changes. They also have 50% lower CO and HC
emissions than engines running on petrol or diesel.

Bio-gas, either scrubbed or straight from the digester, can be used as fuel in
a wide range of internal and external combustion engines. With a combustion
range of. 6 - 11% in air, and a slightly higher calorific vaJue than petrol,

• methane is highly suitable for internal combustion engines.

Flotation System

The flotation system Is unique in that It combines the use of chemical coagula-
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tion and flocculatlon together with electrtrtyti^
rais« space requirements, and produces an effluent quality superior to othtr

Considerable development of lectrode material has taken place and from ear-
lier work on the electrolysis of sea water to provide hypochlorou» acid for

treatment In coastal areas. .V" ... /..-],. ,-•• .

Elettroflototion is successfully used on the waste water from pig farm* and
found to be effective In minimising the COD and BOD content of the main :

liquor body. Depending upon the actual suspended isoUds level and also the
soluble COD content, the treatment Uine varies from 30 to 90 minute*.

The applied power to the electrodes Is 600 watts per aq• metre and uaina; a
power cost of 2.Op. per k.w.h, the operating cost is established at 1*2 p» per

o u » m e t r e « ' - - . y '...•••[•••• • •• ' • : . • • : . ' • ; • • • / • . > : . . • • . • • ' • ; ' ? . : . , ' : ' . : . • • • • . • , : 'y'}[^ • • ; . ^ ' : ' y • • • . ' - • • . • : '

Catalytic Oxidation • . •'••' ••. •.' : i T '•• ' • • . • ' - • v
:i / ' • • ' • '••"• ^ . • ' • : ••••.:.:;. : ; .: ; : : '• : • • • v . .

Catalytic oxidation is corrosive attack b/ oxygen predominantly ao a result of
the radical or ionic bursting of C-H and C-C bonds or by addition at double
bonds* Ihe reaction is brought about rapidly by Initiators which supply first
of all the desired or necessary iiiitlai concentration of radicals, to start the;̂
chain reaction or oxldative breakdown. Once initiated, the chain reaction Is
undei'normal circumstances brought to a halt by break-off reactions, ' '

. • • ' • • ^ . • ' • • " • • . • V : ' • • • ' • ' • • • • ' • ' . . • • • . . . • • • • • . : , • " ' . • ' •

Radical formation is achieved by excited dissociated or at least in part ionised
cases or gas quantities, preferably atmospheric air. The excitation and dis-
sociation of ionizatlon of the gaseous reaction partner Is effected by radiation
or electrical energy, e.9» to ° field with a Townsend or corona discharge*
The excited^ dissociated or ionized gas particles thus formed react in water
and to some extent inorganic impurities, then also with the water itself, with
radical formation subsequently leading to hydro peroxide.

As the next stage in the breakdown process, the resulting and hydroperoxide
compounds thus produced have to be decomposed in order to initiate a chain
reaction, a process which is catalytically accelerated*

g l o s s a r y o f y e r m s ••; '•• , ' • , ; ' , . • ' • ' . " - • . • ; . . • • ' • ; • • ' ^ . • ••

DETENTION (retention or residence) TIME - the time which any portion Of the
input remains in the digester: digester volume - daily input cclume# units



BOD - a measure of the amount of material In the waste which can be easily
degraded by microbes» in terms of the oxygen used by microbes in the degra-
dation of the waste; units mg/i or ppoii BOD causes rapid pollution in rivers
and is mostly soluble or very fine partlculate material.

COD - a measure of the total organic material in the waste which might even-
tually be degraded by microbes; It includes the BOD. Détermination is11# ""
chemical oxidation and units are as COD; mg/1 or ppm. COD also contains
the larger solid material only slowly degraded by microbes and tending to
cause long-term pollution.

TOTAL SOLID (TS) - the total amount of organic and inorganic material in sus-
pension and solution In a slurry or sludge, determined by evaporating off the
water,units% weight per volume, (i .e. g/100 ml) or sometimes rag/1),

VOLATILE SOLID (VS) - the organic material in the Total Solids, determined
from the residue left after burning off the organic material; units % of TS or %
weight per volume or mg/1 In original waste.

VOLATILE FATTY ACIJDfi (VFA) - organic acids, mainly acetic, formed by micro-
bial action on food residue s in the animal intestines or while excreta stands
in tanks or during anaerobic digestion; units mg (as acetic acid)/I,

NITROGEN (NH3N) - ammonia formed by microbial action on pro-
teins either in-the animal intestines or as the excreta stands in tanks or
during digestion; units mg/1.

SLURRY - usually refers to the raw mixture of faeces, urine and water, while
sludge or digested sludge is the slurry after anaerobic digestion.

Analysis A

Raw slufry feed
Out of digester
From clarifier after flocculatlon
From chemical coagulation/fiocculation
electroflotatlon
From catalytic oxidation
Final efflu^t after filtratloh

ÇODmo/l

20,000
3,000

800

200
30
10

• •; ; ; s •: J ••:•
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Final Effluent (Laboratory Results)t (Laboratory Resu

PH Value 7.5
Suspended Solids NIL
B O D ; ^ - : - -^•••'•• : t • • • ' - ' . • . v ' ;; ••' . • 5 . 0 m g / i

COD 30,0
Ammonia 0.1
Nitrate 0.0S
Collform bacteria 0 in JOQ ml.
Total bacteria 0 to 100 ml.

Sludge

1) Solids content reduced by 40 - SQ% i . e . 7% - 4.22 - 3,5%
2) After settlement s lu dge reduççdjby 3 Q% ,f *. solids cone increase to 7 « 2

6,0%.
3) Fertilizer values i

a) CatUe 0.59% 0.2 • 0»4% 0.5.* 0.6%) %
Piôs 0.6% • • • • " ' . ' , . , 0 .2^6 .6% p ^ 2 - 0,4%) wet
Poultry 1 . 2 - 1 , 8 1,4 - 1,8% 0,7 ? U2%)

weight
Human v -, -,
(Sewage Sludge) 2.05% ^ f46% dry weight

b) Anaerobic digestion does not decrease dertilizer value. If supernatant is
not seperated after digestion, at least 50% of N present is as dissolved
NH3 thus increasing the availability of N.

c) Phosphate - unchanged.
d) Potash - avaJJa&lia at 75 - 100%
e) Nutrients from 1 tonne of undiluted waste

Total nutrient units/available nutrient units,
N p K •• if., p y ; . c- •:;

Cattle 10 4 10 6 6 10 >
Pigs 13 4 4 6 2 4
Poultry 35 30 15 2115 15
f) Digested pig slurry fertiUeer value N,P,K = 6.8%; 6%, 1.5%
g) Digestion prevents "scorching" by removing organics and organic acid».

In general digestion does not remove nutrients but makes the nutrients mom
available, it also removes undeclinable organics and pathogens.
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DATA SHEET NO A/11

Quantities of Gas Produced From Some Typical Wastes

Waste m3Ao volatile solids % CH4 Priority

Slaughterhouse
Sewage Sludge
Maize Starch
Distillery Grain
Poultry Manure
Pig Slurry
Yeast Waste
Cattle 8 lurry

0.71
0*7
0.67
0.68
0.6
0.5
0.5
0.3

78
68
68
65
60
70
68
65

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

3
BTU equivalent of 1 m Biogas s 21000
or 22.2 Mftqa Toules

Other materials that can be economically digested are:
Domestic refuse, crop residues, wood waste, rendering condensates, indust-
rial effluents, etc.

In effect* any effluent with DOD «vér approximataiy &D«0 mg/1 ana with
recycling of solids wastes, down to BOD's of less than 1000 mg/1.

Only prerequisite is that C:N ratio should be less than 30: 1, ideally about
20/25:1. '

. • J - . ; • • • " « : / • ;



Mr, Rossi:

Mr. GUbeok:

Mr. Rossit

Mr. Gllbeck:

Mr. Rossi:

Mr. GUbeck:

Mr. Rahman;

Mr. Gllbeck:

Mr.Kbmdlrlti

Mr. Gilbeckï

Mr. Komdlrit:

Mr. Gllbeck:

Dr. Suhalml:

Mr» GUbeckî

Are you working with any Apian bodies on this ?

Yes, we are dea|$ng with the Sime Darby group as well
as Mecomb. We are also Investigating big farming in
Singapore,

I am wondering *• we~are Jiving in the centre of ah area
In which biogas and alcogas are being rapidly developed,
I think it is a 2-way thing and Asia has a lot to teach
Europe. There is hot a great deal you can fseach Asia about
gasohol. . . .

I think I agree with you. The point I am trying to make is
that a lot of our systems work and also the knowledge for
a secondary and tertiary treatments are Important»

I would like to add another point; it sounded like a package
which you can buy but you actually tailor it to Individual
needs, donïtyou? • / .

• ,••• ' • • : " • ^ • ^ • • • • • • 1 - • ' ' >••?• • •

Yes, Indeed • ?'

How does the cost of these energy fertilizers which you
described compare with the conventional source?

The cost Is much the same. It is thé recovery which makes
the difference. As far as cost goes it isjyfoat you are get-
ting back which Is important* But cost obviously is diffi-
cult to generalise; it depends on the size of the plant and
what level of discharge you wish to achieve.

The Anox process - what is special about it?

It Is a registered trade caste* •"• *;*-"

What Is its difference from other conventional designs?

It is the design of reactors. A great deal of time and
money has been spent to design these.

Your analysis $useems very interesting. Is that process
employed on palm oil waste?

Yes# we are doing it for the SS'me Darby Group and Mecomb.



DENVER, COLORADO: CASE HISTORY OF THE DEVELOPMENT OF A WATER
, .SYSTEM IN A SEMI-ARID AREA /L

by W*H», Miller, Manager, Denver Water-Department,• u , S . A . . L>.

Water, either too much; gf it os no,t enough, is-interwoven in the history of
Denver, Colorado» -Early settlers found this,put tp^their chagrin when they
built thier houses and businesses on the banks of #ie innocent-looking; iPlatte
River and<!herry Creek only to have them wiped out by a massive flood that
occurred irïMay of 1964. These pioneers dipped water by the bucklet from
the South Platte and carried it to tent or cabin for drinking and cooking. Bath-
ing usually took place in warm weather and downstream from areas where
drinking water was obtained.

Water in this semi arid area of the United States (annual precipitation 12.5
inches) has always =feéenia news maker. The firs t i s s u e of the Rocky;Mount- v
ain News, published by William Byers on April 23,"l&59, carried a local news
item on the front page concerning the possible formation of a ditch company.
A few months later, the News carried a story about the formation of the
Capitol Hydraulic Conipany, This ditch1 côtfipany.'.wa,s incorporated inNôvem-*-!

ber of 1859 under the laws of the territory of Kansas, 17 years before Colora-
do attained statehood. ; :..,'•• , ,, ,

History ;;i
-..• • •• :TU

The kansas Territorial Legislature, in 1966, granted Denver City (Incorporated'^
in 1861) the power "to provide for and regulate the manner of introducing •
water into the City for irrigation and other purposes."

By 1870, Denver's population was 4,759, and water was a critical prpblem. '-
The Denver City Water Company was formed in November of 1870 to build a r--
pumping station at 15th Street and Platte River. Owners dug a large well and
four miles of ditches to supply the growing city with water - at a profit. This
company was the first in a series of eleven private water companies that were
formed over the years.

In the early 1890's, two of the last surviving private water companies en- >: v

gaged in acompetitive battle that resulted in one actually giving away free
wafer for a period of time. The Denver Union Water Company, incorporated
in 1894, won the battle with the American Water Works Company of New .
Jersey. Denver Union was well financed and began to acquire meaningful /

water rights and to build storage and treatment facilities.
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Large storage reservoirs were needed because 50 per cent of the annual water
supply in Colorado is provided by meeting snow» during a period of about two
months. Balanced distribution through the year requires saving and storing
that runoff. The company began construction of a, large storage facility on the
upper reaches of the South Platte, the first dam and reservoir of an extensive
mountain water system. A May flood in 1900 washed out the first partially
conslaructed dam, but work continued later that same year.

In 1905, Cheesman Dam was completed and named for the president of the
Denver Union Water Company^ Walter D. Cheesman, It was the major
accomplishment of the companyf and for many years was the world's highest
dam — its granite blocks, some weighing five tons,rising 231 feet above the st
stream bed. In 1902, the company completed Mars ton Lake; about three
miles northwest of present Littleton, the first large-scale water storage area
for Denver. The dam. impounds more than 17 thousand acre feet of water.

Public Ownership
y '• • • .

The Denver Union Water Company made many other contributions to improve .
water service for the City, but citizens decided they should own their own
water supply.

After prolonged and extensive ©ourt battles that ranged all the way to the
United States Supreme Court, Denver voters on August 6, 1918, passed a
bond issue to buy the private' water company for $ 14 million. The same elec-
tion also provided that the first five-man board be elected but that from time
forth, succeeding commissioners be appointed by the Mayor, This basically
was a reaction, to the partisan politics of the time which was described by one
historian as follows: "The Denver Union Water Company deeply interested
itself in every election since the adoption of the Charter and leading city
officials, the Mayor and the majority of City Council, were officials fully
acceptable to the water company. These are facts that cannot be questioned."

Denver created Board of Water Commiasiopets^as a non-profit, non-political
commission, and It remains so today. The Department entrusted to it is
financed entirety by the sale of water. It receives ho tax monies» and re-
venue from the sale of water cannot be used for any other city service. Major i
capital improvements require bond issues approved by the voters* Bond are
repaid by Department earnings,

:J '•' • , • ' • • • • .

The City Charter provides that rates will be fixed by the Water Department
"as low as good service will permit" but will be sufficient to pay for opera-
tion, maintenance, reserves, debt services, additions and extensions, in-
cluding those needed for anticipated growth of the Denver metropolitan area.

• " i l l i i i i » . . : . ' • . ' . . . •



Good service to the community has been the responsibility of the Denver Water
Department since it became pubitely owned. Unfortunately, "good service"
is not^ fteipjte;commodity to render* '#$& example, earJy 'peiiiïëiïfee weren't
t h i l ©nçs ioolfing jto thu momtài&$&JtëtBr soppiy soutcésy 5%

Colorado Water Goes to Qthar States
. U1, !.'•

. Hie two-milâ-high Colorado Rockies are the headwaters of loùr major river
:'Jsystemst the South Piatte, the^Aricaneas, the Rio Grande and the Colorado

systems that are Important to at least nine- t

It a e ^ ^ d the ;^ol^\^$fcem half oisthe nation î ^ ^
."Vat^ç^s-*8ttlfrs moved to the Énontler. The olaflas.have been upheld, for the
most pertv, by the U.S. Supreme Court/ and mcfe than half of the state*s an-
nual supply remains allotted to oUwr states and Mexico, - ^ i

Thfoughrthe years<. Colorado agricuiture has estabUflhed rights to 95 per cent
of^the water left for ^ i^^e^- :JaeJ^Anl3M^^r^t tè ftesem time; é i à
cities and towns have claimed and used only 2,7% of the state's retained
water ^ p i p y ipenyer* with 40%lof^^ï* state's p#paiotlonf uses on^j 1 ;

^ ^ ^ p f p f i o n d o c m n e y , cui vvteich Colorado and the other western
state's watear rights are based, Colorado water belongs to aUthe people^and
those who first pat it to a beneficial use receive the first rights. Even so , ,..
the l^^0ft^ity oft4fee,state's water is used for agriculture. v>w;^ ;i:-• V-:; "

l ù ; - • • - i ••••• •'•• : v - - - ^ V ? • • * • • " « • ' v ^ . - i ' • • " • > . • / ; • ? • . - . • • . . • - • • • • . - ^ • i : ' • - • - ; . : ; ••;

of the state's wot«t is <*«fed by lndu*tey other than agriculture.
' the corporate, lirnits of the City and C<Hinty of I>nVer contain about

h É '
^pir p y y e on

115 square miles, of which .17% or 20 square «i$É$ê is still undeveloped
Potable water service is supplied to approximately h 10,000 people within the

S e r v i c e O u t s i d e D e n v e r - • , L - . - < . . - . i K ; ? i 4 - v i . 1 ' 1 ^ p .•;.--'--:-^ •:;. .-̂  ;. "•;:;:
î:.^ ?.''u>.;:*- •'•-:»-

; . : • : . . • ; , - • ; v ; . . ^ * - 1 ; ' ; ^ . ^ - - - . - . ^ - ^ - - • ^ v . - r ^ - ^ * - ' ^ • - -•' ^ ' • : • • • : . - > • - ' ; \ " " - ï " v , - ; , . - 5 ' • • • : . • • ; ,

the Department's water sereice ta^evsuburb» ^provided by contact through
138 distributors (municipal or quasi-municipal corporations)* The distributor
contracts are of three types:

1) Master Meter - distributor is totally responsible for operation and maln-
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.',, butor 4s responsible for operating and maintemaeè; :

3) Total Service - Dppartment is responsible for all aspects of the water
ays tern. In addition, Denver sells raw water to the City of Arvada, the
North Table Mountain Water and Sanitation district# and to various Indust-
rial users*

The present outside Denver service area contains 181 square miles, of which
105 square miles or 58% is undeveloped. In the outside area, approximately
315,000 people receive treated water and approximately 84,000 people obtain
a raw water supply from the Department., - ^ T

In addition to furnishing water to meet the domestic, industrial, commercial,
recreation and irrigation demands, the Department presently supplies water to
approximately 9,000 fire hydrants within the metro area. The supply and
associated water pressure is the major reason vwfty Denver is rated by the
National Bureau of Fire Underwriters as a Class 2 City, one of only a very
few cities in the nation with this excellent raUng. As a result, the area re-
: . enjoy ^<]c*iif^|to» J J I ^ ^ : ^ t i j

The Board's service policy 1B to provide a water supply adequate to meet the
f t u a t i n g demand at all times. Â lesser service commitment would seriousj^

such essential needs as fire protection, hospital and sanitary $er-
and would adversely affect the health, general welfare and quality of

life Of all people.Mtfiilffjij^ • ••• • '-:'''.; :.\^:'l-y 7^"

The Denver metro area's treated water needs are predominantly influenced by
the region's arid climate and short growing season. The present total annual
raw water demand of 267,0110 acre feet Milch lricludôs treated and raw water
deliveries) increases steadily as additional people require service. %:Mt&y*
Versus "wet11 yew m«yc^ mu
much as 10%. The present ^Average DayM treated water demand (total quanti-
ty used during a year divided by 365) Is approximately 210 million gallons per
day (M<Sb). The dally demands during the winter months of November through
Match average approximately 108 MGD. During the summer months^ maat day
demands are sometimes in excess of 500 MGD. The h o u ^ treated water de»
mends presently range from a 60 MGD flow rate during winter nights to a high
of 820 MGD flow rate during peak summer periods, =- '; "'':-t.^

:\>.:7-- '/••

•'.'::\-Ua- • • •l^:"'{ ' r f i ' & y - y 7 - . m : ; \':—- '"" ':"'••''•' ',".•'"' 7 ^"K-v'-'---::':::

Raw Water ' '.• • : . ' ' .•_.;;_ . • / : • • - , - •>•-

The Department's raw water supply is almost entirely derived from surface
dWersion of snowmelt runoff through three mâ or collecttion systemsi-the
South Plattê Collection Sys tern, the Roberts Tunnel Collection By s tern, and
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the Moffat Collection System.

Thé South Platte Collection consists of direct diversion and storage facilities
located on the main stem and the South Fork of ihë^oùth Planté River and
Bear Creek. In the upper reaches of the South Platte, Anterô, Eleven Mile
Canyon and Cheesman Reservoirs are used to store a portion of the high :
stream flows for susequent use later in the year and during years of low run-
off. The South Platte Canyon Intake Dam, the Department's "primary" diver-
sion facility on the South Platte River, is located just above Waterton,
Colorado. It is used to divert the Department's direct stream flow rights and
upstream storage releases directly out of the South Platte River. The Depart-
ment's water rights in Soda lakes and Bear Creek are conveyed by the Harri-
man Canal to Marston Lake. (Illustration A)

The Roberts Tunnel Collection System presently consists of Dillon Reservoir
and Roberts Tunnel.. Dillon is located on the main stem of the Blue River, a
tributary of the Colorado River, Roberts Tunnel extends from Dillon to the
North Fork of the South Platte River on the Eastern Slope near the town of
Grant, Colorado. . ; ; , j :

The Department's water, rights on the Blue River permit the storage of water in
Dillon, or diversion directly through Roberts Tunnel. In order to meet the
water demand within the metropolitan area, water is delivered through Roberts
Tunnel to the Eastern Slope where it enters the North Fork of the South Platte,
River for subsequent diversion a South Platte Canyon Intake Dam. (Illustrar
tion B) • ' , ' . . ' • . - . ' • • • • •• • ' • "• V ' . . ^.-:\

• •; • '• • • . , , • . ' » " : / • > • • .

The Mofiat Collection System consists of diversion structures, canals, con^
duits, tunnels and storage reservoirs which are used to collect and deliver
raw water to the Moffat Treatment Plant * At the upper end of the Moffat Co-
llection System, water is diverted from the Upper Williams Fork River Basin
and transported by the Gumlick Tunnel to the Eastern Slope and bacfc.Jĵ
Combined with Fraser River Basin diversion, the water is transported Tback
again to the Eastern Slope through the Moffat Tunnel whlcft discharges into
South Boulder Creek for temporary storage in Gross Reservoir. In addition, .&•• :
portion of the natural stream flow in South Bouldef Creek is stored in Gross
when in priority. Releases from Gross are made into South Boulder Çreek. ; :

The water is then diverted out of South Boulder Creek near Eldorado Springs i
and conveyed by a series of tunnels and canals to Ralston Reservoir.

Ralston Reservoir and Upper Long Lake also derive a small quantity of water i
from Ralston Creek when their storage decrees are in priorJLty. . . . : .

The Department's water in Ralston Reservoir is then cdnvéyed tp.^offat. Treatf *
ment planif. (See Illustration C)
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• • • • • • ' ', ' i •.' • •

The total annual supply varies yearly, depending upon the snow pack. For
exmaple, the unregulated runoff available for diversion by the Departments
existing collection system is estimated at a maximum of 680,000 àcre-feet
during a wet year and a mihiiaum of 130,000 acre-feet during a dry year. By
careful management of the runoff and utilising storage facilities for carry-
over storage during dry years, the existing raw water system can deliver a-..-
firm annual supply of 298,000 acre-feet based upon historic runoff and wea-
ther patterns. ; ;

Treated Water • >;

The Department has there treatment plants with rated capacities as follows:
Kassler Treatment Plant— 50 MGD, Mars ton Treatment Plant t r 260 MGD,
and Moffat Treatment Plant — 210 MGD, or a total of 520 million gallons of
finished water per day provided the incoming raw water quality remains high.
(Illustration D) , ; .

The Department's three treatment plants are interconnected by a large con-
duit system forming a complete I09P around the perimeter areas of metropoli-
tan Denver. This loop is formed by four conducts ranging from 60 to 84 inc*
hes In diameter* With the assistance of connecting pump stations and clear
water storage reservoirs, water can be distributed throughout this loop; and,
in most sections, flow in either direction can be accomplished. In general,
a portion or all of the water filtered at any one of the three treatment plants
can be conveyed to any part of the Department's service area. The pump
stations are used to maintain adequate water pressure and convey water to
lands located at high elevations. Withdrawals from the clear water storage
reservoirs are made during the maximum demand hours of the day. The reser-
voirs are then refilled during the late evening hours. ,

Operation Plan

In order to assure that the constantly fluctuating water demand can always be
met with an even greater fluctuating supply, the Department's system Is
operated in accordance with a comprehensive plan. The Department's opera-
tion plan provides an adequate water supply to the metropolitan area at all
times, even during drought years, and maximizes the total water supply with
appropriate consideration for economic and environmental Impacts. >

The treatment capabilities discussed can be achieved only when all conditions
are ideal. Mechanical breakdowns, raw water quality affecting the interval
of filter backwashlng, and other factors affect the amount of water that can be
treated at each facility. Because of the complete Integration of the Depart-

• ï ' ) ;
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ment's treated water system, water can, In general, be supplied to all parts
of the Denver metropolitan area from any one of the three treatment plants or
any combination theieof.

Economics, particularly within the filtration and treated water transmission
and distribution system, play an important role in the Department's operating a
plan. Pumping creates the biggest economic impact. The water output from ;

the Mbffat Treatment Plant eau be supplied to much of the metropolitan area '
by gravity, while most of ;the water.from Marston and all of the water from
Kassler must be pumped. As a result, a substantial savings in,pumping costs
can be realized by utilizing the Môffat Treatment Plant to the fullest extent
cons els tent with raw water, availability. ...,,.

The Quality of raw water supplied to the treatment plants constantly changes
throughout the year. As; a resuitr it is sometimes more desirable to take
advantage of better raw water quality from one source, particularly when
taste and odor problems arise. In any event, the finished water from the
treatment plants' must meet the minimum water quality standards as set forth
by the Federal Safe Drinking Water Act and Colorado State regulations.

In fact, drinking water, delivered to Denver water customers is of higher qua- :.
lity than required by the Act. Purity and quality guidelines set by the Denver ̂

Department not only pre-date the congressional actionm they are considerably
stronger than the federal "Maximum Contaminant Levels," (MCLs).

More than 19,000 chemical tests, nearly 16,000 microbiological tests, more
than 1,000 biological examinations and 17,000 field tests are conducted an-
nually be chemists, micrcibiologists and technicians at Denver's Marston
laboratory.- Mineral, and salts found naturally in water, and traces of heavy
metals such as silver* lead and zinc, are identified through chemical tests.

.Various algae found in reservoirs are typed from microbiological tests. Bio-
logical tests determine the presence of any of the coliform group of micro-
scopio organisms.'. ; ,,., •

Both raw and treated or "finished" water also is constantly monitored at
pis^ver's three treatment plants.

Expensive checking begins on Denver's watersheds on both sides of the Rocky
, Mountains which dévides Colorado. Numerous streams and rivers flowing
ipio Denver's- reservoirs are sampled. Any nearby mountain construction is
checked. • Regular visits are made to point sources of pollution, such as a
wastewater treatment plant on a stream flowing into a Denver reservoir.
Denver's mountain reservoirs and rivers transporting water to Denver are ana-
lyzed regularly. Even after the "finished" water is on its way to customers,
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the microbiological staff analyzes some 90 samples from various points
throughout the metro area once or twice a week*

AU new commercial installations and residential installations such as auto-
matic lawn irrigation systems are Inspected to insure that already used water
will not back up into the distribution system. Mortuaries, chemistry labora-
tories, dry cleaning plants, and photo processing plants receive careful in-
spections.

Coordination of the operation of the raw water system, the treatment plants,
and the transmission and distribution system is maintained on a continual
basis. The operation is continually evaluated), reviewed and changed to meet
thé constantly changing supply and demand conditions* In this regard, a
computerized operation is presently being developed which will continually
analyze the total system and make operating decisions expediently In an
effort to maximize the total raw water supply, minimize the operation costs,
and avoe all, assure that the customers will be supplied with an adequate
water supply 24 hours a day, 365 days a year.

The future treated water requirements discussed in Section I of this report
clearly substantiate thé need for additonal treatment capacity. Without it,
some of the people within the metro area will surely be without water and'
others will be on severely restricted service. The additional of the Strontla
Springs Diversion Dam, water tunnel, and Foothills Treatment Plant will
enable the Department to increase its treatment capability beyond the present
level of 520 MGD. (Illustration E)

The raw water supply to the Foothills Treatment Plant will initially come from
the existing South Platte, and Roberts Tunnel Collection Systems. The water
will be delivered to the Foothills Strontia Springs Diversion Dam in exactly
the same way as it Is being delivered to the existing South Platte Canyon In-
take Dam. In this regard, the Department presently has the capability to
delivery over 1,200 MGD of raw water from existing storage, diversion and
transmission systems. Since the combined treatment capacity of Mars ton
and Kassler is 310 MGD, there is sufficient existing raw water delivery capa-
bility for an additional 890 MGD of treatment capacity. This delivery capabi-
lity should not be confused with annual raw water supply.

The South Platte River channel will continue to be the conduit for conveying
raw water to the Strontia Springs Diversion Dam from either Cheesman, Eleven
Mile or Antero Reservoirs. The channel of the North Fork of the South Platte
River will continue to be the conduit for conveying water from the Roberts
Tunnel collection system. No changes in the existing collection facilities
within the Sou fa Platte and Roberts Tunnel collection systems will be required
as a result of the Foothills Project,
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The delivery of treated water from the Foothills Treatment Plant to the Denver
metropolitan area will be made initially by a 108-inch diameter transmission >
conduit. This conduit will connect to the existing major transmission loop,
as shown on the diagram of the treated water syfltejm in Section II. The eleva-
tion of Foothills is such that water service to mosl of the métro area can be
supplied by gravity. As a result, the maximum advantage of Foothills will be
made by operating it* to the fullest possible extent. For example, with the
completion of the first 125 MGD stage, the plant will be operated at or near
capacity on a year-round basis. During the winter time, this output will be
sufficient to satisfy the present demand level of the entire metropolitan
service area. As additional treatment capacity is needed, Mars ton, Kassler
or Moffat will be put into operation. The energy conserved throughout the
existing system by this, operation is estimated to be approximately 21,000,000
KWH annually for the first 125 MGD Foothills addition.

The power generation feature planned for the Foothills Project is also an im-
portant aspect. It is estimated that 11,000,000 KWH of electrical energy
will be generated on an average annual basis by the fiçst 3.25 MGD unit. Il-
ls also estimated that the average annual power requirements to operate the
125MGD treatment plant are 8,000,000 KWH, thereby providing an average
annual surplus available for use by others of 3,000,000 KWH. The power
saved by locating the Foothills Treatment Plant at the proposed site pluVthe
associated power generation features are certainly positive factors in view of
the present national energy situation. Additionally, the treatment ^ h t will'
be self-sufficient from an electrical energy, standpoint which will b^ particu-
larly significant In the event of power outages. >

The Foothills Porject has been in the active planning and review stage for the
past 25 years. It is the most cost effective plan for adding treatment capacity
to the Départaient *s existing system» It was also presented and approved by
the citizens of Denver In the 1973 election which authorized the Department
to Issue bonds in the amount of $ 160,000,000 for donstruction of additional
raw water supply and treatment projects. ' ; ;

Good service/ at the lowest possible cost, le still expensive. The Water
Department's budget for 1979 was 7.4 million.^ ,

Derive* supplies water for more than 900 thousand person — 40% of éie stale's
population, yet uses only 1 ; 3% of the water available for publiç supply.

The problems'which ^ ^ in the future are myriad, but
they are not insurmountable, just as men of̂  the past faced andçqnquëred ;.!
formidable mountain barriers to claim water ôiîhéhibhcountry, men of today
must face the complexities of the future. Thoughtful protection, advance
planning and careful management are essential for continuing good water and
good service,— ••••" •-• ••• ' •-•—-••—-••• • • •• . - • " . . . - ,
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WATER POLLUTION CONÏROL IN ENGLAND

by The Water Directorate, Department of the Environment,. London, England

Introduction

'England.has a long history of concern for the protection ol |he; environment
generally, and the control of water pollution is no exception — the first
statute designed for that purpose being passed over 100 years ago.* Since
then the legal and administrative machinery for control has been revised arid
expanded several times to reflect changes in social conditions and the ad-
vance of technology, iÇenerally the process has been one of evolution, '
building upon and improving the previous arrangements, rather than establish-
Ihg completely new ones. Thé purpose of this article is to summarize this
development and to explain the current position.

Overall responsibility for all matters relating to the maintenance and improve-
ment of the habitat lies with the Secretary of State for the Environment. So
far as water is concerned he is responsible for the national policy on all
matters of conservation and supply, sewerage and sewage disposal the con-
trol of pollution in both inland and coastal waters:, and the use of inland
waters for recreation and navigation. Although the overall responsibility for
coordinating environmental policy is his, other Ministers are involved with
certain aspects of some of these matters. For example, the Secretary of
State for Trade has particular responsibility for controlling marine pollution
by oil, and the Minister of Agriculture, Fisheries and Food is responsible
for land drainage, the protection of freshwater and marine fisheries, the
dumping of waste at sea, and the safe use of agricultural pesticides, etc.

Because the effects of individual acts of pollution are usually most notice-
able within the locality where they take place and can best be controlled by
authorities with a detailed;Knowledge of the area, it has always been1 the
practice in this country for the central government to lay down the statutory
framework for controlling water pollution but, wheneyr. possible, to delegate
the actual control to authorities operating at a regional or local level. Thus
the Act of 1976 gave the responsibility for enforcement to local government

* The Rivers Pollution Prevention Act 1976.
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bodies/ such as town and district councils.

In the following years, as the population became more and more urbanised,
the use of waterborne sanitation became increasingly common: simultaneously
there was a corresponding rise in the demand for water for abstraction purpose
both for domestic and industrial use* Consequently it became necessary to
create bodies responsible for the management of the water resources along V-
the whole length (or at least considerable stretches) of the major rivers. >
Only in this way was it possible to approtion the capacity of the river fairly -
between the various towns and districts which reUed upon it. initially these
river authorities were created piecemeal, starting with the rivers serving the
major urban and industrial areas, but by the 1930*s they existed for most of
the more Important rivers, and after the .1939-45 War a statute* was passed
establishing them over the whole of the country. L

The river authorities remained in existence until 1973 when the Water Act of
that year replaced them with 9 regional water authorities, each one which is
responsible for one or more of the major river systems (e.g. Thames, Severn/
Trent etc). The water authorities have responsibility for the management of '
the entire hydrological cycle within their area, including water conservation
and supply, pollution control, sewerage, sewage treatment the development
and control of aquifers, land drainage, flood prevention, freshwater fisheries,
and the use of the water for amenity and recreation.

The water authorities are autonomous bodies. Just Over half of their mem bet»i .
are nominated by the.local authorities within their areas, and the remainder
are appointed by Ministers from people whose background and experience
make them suitable candidates, ^acjb authority has a permanent professional
staff to carry out the day-to-day'tasks. They are financially self-supporting,
deriving their revenue mainly from charges for services such as water supply
and sewage disposal. However, the Government has retained overall control n
of public expenditure, and each water authority is limited in the amount of ' ' ••'
capital expenditure that it can Incur in any one year. Each authority has to
submit annually a 5-year rolling, programme of proposed capital works, togefc*
her with a published report giving details of the Work done during the year and
an outline of its future policy and programme. In addition to the controls over
capital expenditure, the Secretary of State for the Environment has power to
compel a water authority to carry out its duties if it should be held to have r

neglected them — though it has never been necessary to use this power. The

* The River Boards Act 1948.
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Secretary of State also has power to make Orders governing the way water
authorities carry out some of their functions, powers'for confirming byelaws
made by the authorities, and semi-judiciary powers in connection with appeals
against certain decisions of the authorities (see below).

However, central control over water authorities is exercised mainly through
close liaison and the Issuing of general guidelines. The principal vehicle for
this liaison is the National Water Council which was set up by the same
statute which established the water authorities and which consists of a chair-
man appointed by the Secretary of Statef the chairman of the water authorities,
and other members appointed by the Secretary (A State and thé Minister for
Agriculture, Fisheries and Foocj. In addition to acting as the liaison link
between the water authorities themselves and between the Government and
the water authorities the NWC has advisory functions vis-a-vis both the
Govenment and the authorities, and responsibilities for coordination in areas
such as research and training •

The Law In ftglafloh to Water Pollution*

As already mentioned, the first statute designed to control water pollution
was the Rivers Pollution Prevention Act of 1876. Under this it was made an
offence to discharge sewage or polluting matter into a watercourse. The Act
provided for local authorities to tak^J^ai proceedings against offenders
after having obtained permission in each Gase from central government. The
court could require the offender to obtained from committing the offence or
order him, to treat fee discharge in a specified manner ih future. Before*
making ai> order the court might obtain information on "the best practical and
available means" of treatment, and the nature and cost of the necessary
plant. À certificate from a Government inspector certifying that a particular
method of treatment was "the best practical,and available means" was to be
regarded as conclusive.

•Quite apart from the statute law on water pollution described herein there is
a body of law, known as common law, founded on traditional rights # which
has been built up over the years by decisions of the courts, The common
law maintains the rights of those with a proprietorial Interest In a river,
stream or la'Jce etc, whether as owners of the bank, the bed, or any fisheries,
and it provides civil remedies for the violation of these rights. Modern
Statute law has made only limited inroads into these common law rights,
which are still exercised from time to time and which offer a civil law alter-

. native to prosecution for statutory offences.



This procedure continued in use until 1951 when the foundation of the present
control system was; laid down by the Rivers (Prevention of Pollution) Act of
that year. This repealed virtually the whole of the 1876 Act and substituted a
procedure whereby anyone wishing to make a new discharge of sewage or trade
effluent to a stream* is required to seek the consent of the river authority
(now the regional water authority — see above) which can include conditions
in any consent as to the nature, composition! temperature, volume or rate of
the discharge.

Although fee 1951 Act did not apply to tidal waters generally it contained a
power for the Secretary of State to make Orders applying its provisions to
specific tidal waters, estuaries and adjoining parts of the sea. A few minor
estuaries were controlled under such Orders, but In 1960 the Clean Rivers
(Estuaries and Tidal Waters) Act extended the control system to all discharges
commenced or altered after that date to most major estuaries.

In 1961 a new Rivers (Prevention of Pollution) Act strengthened the control
system by bringing within it the pre-1951 discharges for which specific con-
sent had not been required by the earlier Act. Such discharges became un-
lawful on 1 June 1963 if no application for consent had been made by Ithen.
The 1961 Act did not, however, bring under control pre-1960 discharges to
tidal waters except in areas covered by an Order made under the 195Î Act.
The Water Resources Act 1963* extended the control system to cover discharges
to underground strata via wells, pipes or boreholes.

Discharges applying for consent under the above legislation have the right of
appeal to the Secretary of State against thé unreasonable refusal of consent
or the imposition of unreasonable conditions, Samples of any discharge may
be taken by the water authority and penalties are provided in the legislation
for any contravention of the consent conditions. Consents for water authori-
ties1 own discharge (e.g. from sewage disposal works) are given by the
Secreaty of State: in general the conditions included are similar to those im-
posed by the water authority on other dischargers.

The legislation also empowers water authorities to.nvake by-tews to prevent
refuse being put into streams, to control the washing or cleaning of certain :
things in the stream, and to prohibit or regulate the use of vessels fitted with

•Defined as any river, stream, watercourse or inland water (whether natural
or artificial) but not including any sewer or any lake or pond not discharg-
ing into a stream.
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sanitary appliance s from which polluting matter could pass into a stream.

Water authorities also have powers to control the discharge of effluent to
public sewers. These powers are mostly conferred by the Public Health Acts
1936 and 1961 and the Public Health (Drainage of Trade Premises) Act 1337.!:
Under this legislation it is an offence to discharge into public sewers any
matter which by its nature or its temperature is likely to damage the sewer or
the treatment process; and in oA Jti to safeguard the condition of the water to
which the treated mixed effluents will ultimately discharge authorities are "
empowered to impose Conditions upon dischargers of trade effluent.

A major new extension of pollution control legislation— the Control of Pol-
lution Act — was passed in 1974/ but the majority of Part II of it, which deals
with water pollution, has not yet been implemented. When it is brought into
force it will extend to the consent system to include nearly all discharges to
inland and coastal waters (including underground waters that may be specified
by the Secretary <?f State^ and land-locked lakes etc.)^ and also to land, since
substances discharged to land frequently find their way into water. Controls
which previously coveredi>nly nbri'-tidal waters and designated estuaries will
be extended: to.©over idischargës-through pipelines to tidal waters or the sea
and dischargesrfrom working mines (which were previously exempt).

Virtually all forms of water pollution are covered by the Act» In addition to
widening control of discharges, as described above, the Act strengthens the
legal provisions designed to prevent casual or spontaneous acts of pollutioh-
- such as the tdumping of rubbish into water or the uncontrolled spraying of
pesticides «©too i In additif there are power-s fbr the Secretary of Stateto'ttiake
regulations $o that anyone in control of a pbïïutiiigsUb^tarife must take pre-
cautions to prevent it getting into water, and to prevent the dallying out of
certain activities in defined areas if there is a likelyhood that they could
result in water pollution. Water authorities' powers to control boats fitted
with sanitary appliances which discharge into the water will become general-
ly available instead of having to be applied selectively through byelaws.

A feature Of the Ï974 Act is the scope it affords for public participation in
the controlling of water pollution. In general, applications for consent to
discharge will have to be advetised, and members of the public will be able
to make representations about them to the water authority. The water autho-
rity.^ The water authority will be obliged to take account of any representa-
tions before giving consent, and anyone who made representations has the
right to appeal to the Secretary of State against the water authority's eventual
decision. Details of consents and information derived from analysis of
samples of effluent, etc. will have to be entered in registers available for
public Inspection and the Act removes the previous prohibition on private pro-
secutions for pollution offences •
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Stjandard of Control

There are no mandatory standards laid down by central government, either for
water quality generally or for discharges. Decisions on standards for part-
icular rivers or stretches of water and for individual discharges are taken at
the local level by the water authorities. Water authorities have set river
quality objectives (jRQOs) for all sections of the watercourses under their
control. (When Part II of the Control of Pollution Act is emplemented and
coatal water are also brought under full control it is the intention that quality
objectives will be set for those waters, too). A water authority decides on
the quality requirements for a stretch of water in the light of its overall plan
for the management of water resources in the area.

In amny cases they; have set both current and long-term RQOs, the former re-
flecting present requirement and the latter being a target to be achieved over
the period of time as resources permit. Consent conditions for individual
discharges are determined according to the particular circumstances so as to
enable the quality requirements to be maintained or achieved. We believed
that this system of setting the requirements at the local rather than the nation-
al level makes it possible for each stretch of water to be given the approp-
riate degree of protection necessary in the particular circumstances, thus J
avoiding either over or under-protection, and ensures that the resources
available for pollution control are directed where they are most needed.

Question and Answer

Dr. Grombach: With the Introduction of these 9 water boards, which are big
bodies, did the water supply improve compared to the small
water companies or did you have some difficulties ?

Dr. Smith: Well, the answer is , there was improvement. In 1976, in
Europe, England and Wales, there was a severe drought for
about 4 to 5 months' duration. Because of the formation of
the large water authorities we were able to control and switch
water from one source to another. We survived and without
that management team we would have had serious trouble.

The other part of the question is one of cost- the cost of
water and treating sewage has gone up significantly but some-
times we as consumers look to big buildings doing lots of
experiments where we get valud *or money. I think we do.
Perhaps in the past we got water too cheap. Now we have to
pay and" now we know the true cost.
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Dr. Grqmbach: Are there any mandatory standards set up by the central
: i government or water authorities and if not who looks after

' t h e s e ? • • ; : • ••• •• • . - . •.. , ..': . " ' • • ' :

T3r. Smith:

Mr. Gilbeck:

There are some mandatory and voluntary factors. I would
dodge that question because I,can't tell you who is
responsible for that. It may be the authority who says he will
not haW th** !wo' of pollution coming into the water source.
It might be a tradition which has been set and followed. But
I can't say it .as a definite fact.

I wa$ oh the working committee of the
Certain recommendations were made by this committee
which were supposed to be implemented, but never were .
There is much inconsistency on what is acceptable In the UK.
Certain authorities are extremely severe on some industries/
whilst others are far more lenient.
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WASTEWATER REUSE IN THE UNITED STATES

Curtis J, Schmidt, P. E,
Principal, SCS Engineers

Long Beach, California

Planned wastewater reuse in the United States has increased dramatically
during the 197 G ̂ particularly in the semi-arid southwest region. Impetus has
come from a combination of increasing demand upon existing fresh water
resources, better wastewater treatment which provides high quality effluents
"too good to throw away", governement legislation encoura.giôg reuse of
resources , and greater awareness of reuse potentials ty the public and environ*
mental professionals, oihor countries are experiencing similar incentives
toward wastewater reuse.

It is the: purpose of this paper to provide a broad overview of wastewaiier reuse
practiced in the United States with emphasis Upon how the wastewater is being
reused, tt is hoped that this information will encourage the reader to consider
wastewater reuse as a water resource wherever technically and economically
feasible, and to investigate United States experience as part of his decision
making process.

Informal, Reuse ; ,...;•„ .;.:..„.,

Most wastewater reuse is informal and goes largely unrecognized by the public
and many professionals. • v/; -j

Virtually eyery, major surface water body in the United States contains domestic
sewage effjLûent, industrial wastes, urbaii and agricultural run off. These r

wateis are the drinkinig water supply of much of the nation's population. It Is
seif-deceçtibn to fail to recognize this situation as de facto reuse of Waste-
water for potable purposes. : :; :L

A similar situation exists for groundwater resources. Hundreds of municipal
and industrial wastewater treatment plants dispose of their effluents to the
land. Thousands of wastewater lagoons percolate effluents into the ground.
Millions of "septic tank systems leach their wastewater into the ground. Most
of these was tewaters travel through the soil and eventually reach ground-
water, aquifers. Thus, as "with surface water, informal groundwater recharge
with wastewaters"is occuring on a large scale .

The present interest in formal, regulated wastewater reuse projects is simply
bringing focus upon an informal practice which has existed "in the closet11

for a long time. The question, is not whether wastewater reuse is acceptable,
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but rather how best to control what Is an existing and often long standing
practice.

Informal wastewater reuse poses many technical, political and social problems
to water suppliers. It is often difficult ot impossible to do an adequate system
design because the wastewater sources (dischargers) are numerous and out-
side the control of the water supply agency. Since the wastewater is convey-

ed to streams and rivers with uncontrolled characteristics, the wastewater
will be modified in a manner which is difficult to estimate from the existing
state of knowledge. This is particularly true for many substances now
suspected of being a health risk. These include certain heavy metal, pest-
icides /insecticidea, aromatics, aliphatic solvents, phenols and several
others, where data on their fate in the environment is limited, even more basic
is the fact that it has been difficult to simpty determine the identities and
characteristics of wastewater dischargers upstream from water supply points.
SCS Engineers is presently under contract to the US EPA to develop a large
computerized data base system which will make upstream discharger informa-
tion readily accessible to downstream users.

The conclusion is that foçmal, well monitored wastewater reuse is preferable
to the relatively uncontrolled informal reuse described above.

Current Practices

The volume of wastewater available for potential reuse is significant; however,
thé quantity presently formally reused is small. The U.S. Water Re source s
estimated that in 1970 mun^ijaalitles used 37.28 X 109 m3 (98S0 bil gal) of
water, of which;20.03 X 10 m (7670 bil gal), or about 78 percent, was
returned as wastçwater. In 1971, only 510 X 10 m3 (135 bil gal) of municipal
wastewater treatment plant effluents were being directly reused formally as
shown in Table 1* The author estimates that this quantity of formal reuse has
increased to approximately 750 X 106 m3 (200 bil gal) in 1979 due to new
projects.

Municipal

Type

TABLE I .,.,-.
Wastewater Reuse Practices,

Annual Volume
106 m^ bil aal

1979

Number
plants

Irrigation and agriculture 291 77 338
Industrial (process, cooling,
and boiler feed water) 204 54 14
Recreational 11 3 5
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Nonpotable Domestic less than 4 less than 1
Directly groundwater recharge less than 8 less than 2

1
8

Of the types noted in Table 1, the majority of plants practice reuse for irriga-
tion. In terms of volume, however, irrigation accounts for slightly more than
half the reuse reported, with industrial reuse a close second.

Geographical^; the reuse operations are concentrated in the semi-arid south-
western United States. As shown in Table 2, the number in Texas and Califor-
nia far exceed those of other states.

. . . • • . '•• • . T a b l e ; " • • • • ' : ' •• • ' • ' : -1 . '

Geographical Distribution of Reported Municipal Reuse.

States

Texas
California ;
Arizona
New Mexico
Colorado
Nevada
Others
Totals

Irrigation R^use

Irrigation

144
134

,-..., 28
10

S
4

13 ;
338

•">. ' , • ' . . . . " ; > ! : .

Number

Indus-
trial

5
:- - 1 • i-

2
0
1
2

• v 3 - • ; , . •

14

...

of Municipalities

Recre-
ational '.

0
3
0
0

i—
*

0
1 : .•• . •'

5.

• • ; • • • • • • . . • ' , . ;

Domestic

0
0
1
0
0
0
a
l

; -, • • ; ;

Practicing Reuse

Ground H2O
Rechaitre

0

c- -̂
1
0
0
0
1
8.-...

Total

149
144

32
10
7
6
18

366

-effluent is used for irrigation at over 300 sites in the United^
States, and accounts fox approximately half the volume reused. Most of the

crops grown are not for human consumption. However, a suprising variability
is reported, in the types of crops being irrigated witii municipal was te water.

.Successful .irrigation of, 3 9 different crops was reported, ranging from turf
(grass) for recreation (i. e . , golf courses, parks, etc.) at 40 locations, down
,to sugar beets at 3 locations. Other crops included truck vegetables, tree
fruits and all types of grains. -

Approximately 90 percent of the treatment plants provide the equivalent of
secondary treatment. Interestingly, virtually all categories of crops are
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also irrigated by primary treatment effluent at some locations.,

A wide range of effluent quality Is being applied to crops at various locations
(e.g., BOD of 15 to 370 mg/1 for cotton), showing that the effluent quality
ranges from poor primary to excellent secondary* Of particular Interest are
the high average TDS (over 800 mg/1) and tfa ( over 300 mg/1) levels of
reclaimed waters used for Irrigation. These average values Indicate that
relatively poor waters In terms of dissolved salts are being successfully used
on a wide variety of crops. Table 3 shows results of a 1972 survey* When
one compares the water quality with recommended quality ranges for crop
irrigation. It can be seen that "violations"of the recommended ranges are
commonplace. Proper irrigation management is the key. Consideration must
be given to the Interrelationships between sell type, crop tolerance, drainage
water application rate, climate, and other factors* Proper monitoring Is
necessary to protect public health against pollution of wayer, food, and/or
a i r . .... • • :. " '

Table 3
Quality of Effluent Applied tojCrops

Ne>. Plants
Crop irrigating*

Grain
Corn
Vegetables
Fruit
Cotton
Fodder
Pasture
Turf &
Landscape

17
11

6
12
26'
51
34

47

Low

10
10

6
10
15
1

• • • • • 7

1

BOD (mg/1)
High •'

1100
370

1100
160
370
370
370

80

• Avg •;

180
76

193
32
84
54
50

19

SS
. Low

10
10

6
9

12
0
2

0

(mg/D
High ,

173
135
127
135
259
259
118

200

Avg

71
69
31
58
94
66
40

26

TDS (rag/
fcow

324
8
5

14
324

8
6

43

High

1400
1114
1114
1400
2250
1450
2250

2000

Avg

837
601
700
798
854
641
839

658

•Certain plants supply water to more than ofie crop.

Industrial Reuse

Industrial reuse of municipal wastewater effluents equals about 300 bil 1/yr.
(80 btl gal/yr.); most of It Is used for cooling purposes. In addition, industry
Internally recycles great quantities of wastewater for conservation purposes.
The major types of Industries reusing wastewater are as follows:
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* Basic metal manufacture.

•*"•' Power generation

* Petro-chemical.

* Mining, and ore processing

In addition there are reports of some reuse by:

* Military installations. j ;

*; Electronic manufacturers. •-

.* Electro-platers.

As previously stated, the great bulk of reuse Is for cooling purposes. Other
usés include the following:

* Ore

* !hAir ^ l l u ^ n scrubbers. ^ '

* ^Vehicle washing, ,

* Boiler feed water. ^ ^

* Initial process washing.

* Product conveyance.

The technology for using wastewater for cooling purposes is well developed.
Table 4 shows typical additional treatment provided to the reclaimed water
for use as cooling tower make-up*



Table4 ... ; '
EEEIiUENT QUALITY VERSUS USER TREATMENT

REQUIRED FOR COOLING TOWER MAKE* UP WATER

Effluent quality
mg/1 User Treatment

Selected Users BOD SS TDS Processes

City of Burbank, CA 2 2 500 Shock chlorfciation, pH adjustment,
corrosion inhibitor

Nevada Power Co, 20 20 1,000- Shock chlorination, lime clarifica-
1,500 tion, pH adjustment, corrosion

inhibitor,

Southwestern Public 10 15 1,400 lime clarification, pH adjustment,
Service Company shock chlorination, corrosion

Amarillo, TX inhibitor.

Economics is the prime motivating force of industry, and the use of reclaimed
wastewater is governed by the cost of alternate water supply procurement and
treatment. In locations where public water supplies of good quality and
quantity are available at low cost, treatment and reuse of renovated water
by industry has1 nofe-beçn mcohovrubeMy attractive.nThuSi it 16 no^ sttfprlsUp©
that most Industrial users of treated municipal effluent are in the seirti-arid
southwestern states where water costs are relatively high and water quality
tends to be poorer in terms cf TDS and hardness.

Groundwater Recharge

Formal, planned groundwater recharge by percolation or well injection is
being practiced at approximately 15 locations in the United States.

As groundwater supplies continue to be overdrafted, the problems of » alt *
water intrusions and depleted supples are causing authorities to look
toward wastewater reuse with groundwater recharge, as a viable, expedient,
and financially feasible alternative. Groundwater rehcarge with treated
effluent has been shown to be an effective method of repelling salt water intru-
sion and in providing exceptional tertiary treatment for reuse. The use bf"
effluent for these purposes will increase greatly in coastal areas threatened
by intrusion and in the arid south western U.S.

Recharge by percolation has several advantages over recharge by well
injection: standard quality secondary effluent can be used successfully,



capital costs ôhd operation and maihtainance requirements are minimal, and
the soil provides exceptional tertiary treatment under proper operating
conditions. Recharge by percolating is most successful when: SS concentration
in effluent is low (less than 2 mg/1); infiltration rates are high (greater than
2 ft/day) j and operation follows a cyclic fiooding-drainihg-drying schedule
to reduce surface clogging» VVhere percolation is not feasible (i. e#* land not
available, infiltration rates too low; etc.), well injection of effluent promises
to be effective in repelling salt water intrusion and replenishing groundwater
basins. The Palo Alto, CA., Orange County, CA., and Long Island,NY,
programs are all in various stages of design and construction. Successful
well injection recharge requires high quality tertiary effluent (e, g . , BOD
less than 5, SS less than 1, FE less khan 0.5, JTU less than 0.3 units)
usually achieved with chemical coagulation/settling, ammonia stripping or
nitrification-denltrification, filtration, and carbon absorption. Full scale
recharge by well injection should be preceded by extensive pilot studies to
determine the hydraulic characteristics of the receiving aquifer. This is v. •-;
necessary to quantify the flow volume the aquifer can handle, the directions
and velocities of underground flow, and the quality: of effluent necessary
to prevent clogging. Although well injection recharge is very expensive,
involving extensive tertiary treatment and a deep well network, it is still
economically attractive if it iouwsimefalfjiIfcepels a*It water intrusion and/or
supplements domestic supplies to eliminate or delay the need to develop
costly alternate fresh water sources.

Both percolation and injection recharge systems can be operated in conjunct-
ion with extraction facilities to ensure that none of the effluent mixes with
native groundwater. The high quality extracted water having received further
treatment by migration through the soil can be reused for irrigation, recreation,
or industrial purposes.

Other Applications

Other wastewater reuse applications in the United States include: recycling .-.' r
for toilet flushing ( grey water recycling) and recreational lakes*

Recycling for toilet flushing is being successfully practiced at several high-
way rest stations and at least one large Industrial manufacturing plant.

There are three major recreational lake reuse projects in the Unites States;
1, e . , Santee, Tahoe, and Lancaster, California* Each of these three recreat-
ional projects is unique but they share much in common* All have found it
technically feasible to consistently prodfcce effluent meeting drinking water
coliform standards. All practice phosphate removal for algae control and
filter the effluent to reduce turbidity. Many species of fish have been grown
successfully, including trout.
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Mlnutes of the Inaugural Meeting of the Water Açsociatjlonsof iif 1}
Asia and the Pacific

The final morning of the conference was devoted to the formation, of what will
be known as the WATER ASSOCIATION ASIA PACIFIC.

' • • . . . " ' " ' ' • • * ' " y • • * • - ' •• • . . • - , - . .

It was agreed by all present to form the above/association and for Thcfee

present to act as a protem committee with Dr. Suhaimi as Protem President.

The aims will be:
1. "To provide an Asian organization for all industries through which to

encourage, assist and promote the practice of: Management of Water
Resources, Water Supply» Waste Water Removal and Water Protection for
the benefit of members and the national economy. "

2. "To provide an advisory service and register of facilities covering
recovery problems on Water Resources, Water Supply, Waste Water
removal and Water Protection."

3. "To publish a Journal and other literature or material relating to Water
Resources, Water Supply, Waste Water Removal and Water Protection
for.the benefit of its member.11

" ; . ; . ' f •

i
• • .:.• ; . ; . f ; ! :

Its constitution will be modelled on that of the Asian Recycling Association.
It will be registered in Malaysia.

" - : ; ; : - , • : • ' • - , . .

Membership fees will be: ' " '" '• '
' • • • • » • ' • . ( - . ' • * . , • • • •

Individual Members $40. per. annum
r Corporate •Members . 100 per annums

: Associate Members v 10 per annum

Associates will not have voting ri^hté. • '
: V

"
; ;

 I ' : " : ' . - . . : • ; . . . , : " . ' • ' \ ' - ,
 [ V

 ' • • ' • •
 :

'
;
 i . i • • . : • . . • ! •

Enquiri s should be addressed to:

• ^ : , Dr. Arlffin Suhaimi
Faculty of Science & Environmental Studies
UniversitlPértanian Malaysia
Serdang; Selangor:
Malaysia -
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Minutes of meeting held on 7th February 1880 at PSA Conference Room In
reg rd to the setting of up a Water Association,

Dr. Suhaiml

Mr, Rossi:

Dr. Suhaimi:

Mr* Rossi:

Dr. Suhaiml:

Mr. Rossi:

PAftTONE ..

I think the idea of having an Association, for Wetter is
already accepted and if that is so then we should be think-
ing of how we can set one up,: Perhaps the working committe
can look at the problems oi starting an Association think-
ing in terms of the proper means to officially form an

. Association. It will have to look in to^e details.

We can assist you.-but it would begin with at least 16
members» I think weinow have an up-to-date information
on where to go with,membership. From the government point
of view and the private point of view we can give you a
good point of setting up an Association.

If we do have the Association, 'rather'the function of the
Association, are there going to be conflicts?

No, there will be no conflicts Jbut instead they will probably
be complimentary,

I would like to, offer my services. Being at the University,
perhaps we are a bit more free arid more.neufral so we can
serve as a link. We have the Environmental Science
Department and there are the people who can help in this
mission. We are trying to establish an environmental info-
rmation with the cooperation of the WHO• If that is going
to be of some help then the problem is the secretarial work.
Maybe I can use my own secretary, f

This aim Is very valid. The Association is the best center
from which to run conferences much better than trying to
promote differently. I think we should have a Japanese in
this field and we have, one in Manila, a Mr. Fujica.

We also have an affiliate in Japan. We have one man in
Singapore but when we were starting here, we had no
Singaporeans to contact. You will have great difficulty
because you are In Kuala Lumpur, unless you have active
personnel in Manila, Bangkok or Singapore. The main
point is to direct a two-way exchange from all over. The
Association will help you as much as possible* We only
have about 40% of active help from overseas. That is the
stage that you got to reach.
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Dr# Suhalml:

Mr, Rossi:

Dr. Suhaimit

Mr. Rossi»

Dr* Ben Iiu:

Dr* Ben Liut

Mr» Rossi;

If we offer our services I think I can. bring back this message
to my University Chancellor for his approval! I think that
there will not be much problem provided that the gathering
here gives a protem committee.

I think we should set up a protem commltee as we have a
number of country representatives here from overseas. It
is a good nucleus if we can look to Or. Suhdimi to act as
prime mover and supporters to aid in hia prime moving.

My fear is , of course, what is going to happen if I cannot
get the approval and support from the University in Malay*
sia?

You will be the protem chairman. The executive eott&tttee
has got to be legally constituted»

I suggest that he serve immediately as committee chairman
so that he can contact a number of government offic Is,
We have a lot of representation from all over the countries
and in this case if you do include the consultants, acade-
micians, and government employees, then you will have
good representation.i^Try to communicate with them and set
up a constitution. Then send it to them and see if any
correction is needed* The agreement should be by circula-
tion. It is better to contact Associations in the United
States and other countries and try to see if we can get some
kind of support from them.

- - .. - . 4 - .Maybe, among ufl, who are here! today, we Can decide
whether we Want to have any Associations and if there are
any objections to rJrV Suhaiml being Chairman. . ... ,

' - • . ' . . . . • . * • ; • - , • • , . " . ' '

Yes, recruitment is essential in the beginning. We could
compile the various informations that we will get and send
them In Magazine form to the members periodically, I do
not know of any better way of promoting than through this
type of magazine. The cost is negligible. It is very
difficult to get press releases out like this. The minute you
start the Association you will need money but if we could
get the concept together today it would be simpler.

What is the position of International Water Association?

Mr, Rossi: I have no idea* I hove just said that we will give every



Evelyn Tan:

Mr. Rossi:

Evelyn Tan:

Dr. Suhaimi:

Mr* Rossi:

Dr. Suhaimi:

Mr, Rossi:

Evelyn Tan:

Dr. <3rombach:;

Mr. Rossi:

assistance. We have the same problem at the headquarters
with recycling in Europe.

The head office is in London and we can try to get ourr- •
selves affiliated with them and work as a member in the
Asian Pacific region.

I think that we would be at an advantage in this.

There are also countries who have their own Water Asso-
ciation. I happen to have the address of the Water Equip-
ment Association here but I do not know how active it is
here. In Japan they have a membership of 200 people.

There is another thing of which I am not clear. This Asia
Aquatech conference; is it a commercial Job?

Yes, a commercial job. .'...".'

Is it not a group of companies concern with water equipment
and i« it an informal grouping ?

• • • f l - : - V • i . - ; •• ; ;

We have a mailing list in Europe of 13,000 and in Asia we ».
hâve only 10f 000.

Mr. Rossi; .-i It is, the industry which is exclusive and the corporation,

Dr. Grombach:

We shoulcido something about water supply. I know many
Associations that have a section especially for Water
supply and if we start the Asian group of a water supplier
association, nobody can forbid, us to do so. I would be
rather interested to know who are members of water , ,i.x',
suppliers' associations. I would like to know what happens
in Singapore. \

In Singapore, there is a Singapore Water Suppliers'
Association and a group of eastern Singapore members of
the Singapore Water Suppliers' Association. They are not
officially set up but they are in existence. The point to
decide is how much should it cost to become member?

As little as possible. How many of us are members of the
International Water Supplier Association?
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Dr. Ben Liu:

Mr. Rossi;

Dr. Grombach:

Mr# Harvey:

Mr. Suhaimi:

Mr, Rossi:

Mr. Grombach:

j '- • • •• X '•• •-••'''
:
-

Are we thinking of this asscfciaCion as some sort of..:
Academic Association or commercial association?
Who has attended the Water Resource Association meeting
in Bangkok a couple of years ago? The Asian Institute of
knowledge sponsored the Water Resource Conference jointly
with the international Water Suppliers Association. It was
very successful. I do not know if it is possible at this stage
to define it.

We can get members in the Phillipines provided the govern-
ment can sponsor it. The people have to have a practical
mind to know what the pbject would be. What would be the
aim bf the association if we go for one? One of them is to
get water standards set. It would require a lot of assistance
from everyone».

We should lower the object. I think the association would
actually in the first place be a transfer of knowledge in
both directions and a chance to talk together. You should
more or less gear to that aim.

It all means the promotion of management of water resources.

In terms of the existing associations or committees, whether
national or international, most of these might have object-
ives which might be overlapping. What would be our posi-
tion in terms of the associations that already exist?

There are 2 members here of an international a ssoclation.
"What do they do in the association?

They promoted the last conference. The IWSA had its meet-
ing in. Kyoto, Japan and one received a small leaflet stating
'that there will be a regional conference of the IWSA in
Singapore,

Mr, Suhaimir Why do they not expand their activities in Asia ?

Mr*Rossi: Because they are not interested; otherwise they would have
done so before. The help that they have given us has been
nil. I object to living here and having to affiliate with
someone overseas who is no,t interested In i t . It does not
make sense that there are any groupings in the association».
AH of you should be part of a communication. They have

!ri6 standards to set themselves against and they are trying
to create their own standards»
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Mr. Grombach:

Mr. Harvey:

Mr., Rossi:

Mr* Suhaimi:

Mr» Rossi;

Mr. Harvey:

Mr. Rossi:

Mr. Harvey:

Mr, Grombach:

Mr. Rossi:

Mr, Grombach:

Mr. Rossi:

There should be no problem in setting up an IWSA, Once
the association exists,it will be possible to get themselves
as members and make a nucleus of Asian International
Corporation and I think I understand it is possible to make
on the inside of IWSA. We have raised a number of Asso-
ciations in RI and it bas 700 members.

In America, isn't this the same problem? What has been
done about it?

They have not really done anything about it. You would not
have this problem in Britain. You have working groups and
people related by membership to one another.

The problem is , of course,» money. '

The first problem is for people to put enough t o get the
first stage done, and nobody is going to help us that way.

How many more members would each of us have to attract?

Say, five. '

That would be possible. I was thinking in terms of SO or
100 more.

There is no problem for Westerners here to get 10 or 15;
and I would like to ask our Asian friends whether they
could ask their University management to become members,
too.

Government departments eventually joirtin1 but they are: .;
not the first one to do so because they cannot afford it.

It is quite normal to even know of a national association
where the membership of officials of any kind of govern-
ment is about a. tenth ol the individual members and one-
third of commercial members.

It is a little bit of a problem to support this. We are
through with being an Association now. We took an into-
lerable loss and we had to make it up. We do not make
money out of conferences and might get it back from pro-
ceedings which may take 2 or 3 years.
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Mr. Komolrlt:

'• i, * . *•'.' •,'•

.'•• „• :
," • , . \ - i .;•• . . '

Mr. Harvey:

Mr. Suhaimi:

Mr,

Mr. Rossi:

The Idea of an Association is good and acceptable everywhere
even in Bangkok. W^My^ so m^;n»»oçia^omi^flieit Su^
Hers1 Association, Water Pollution Control, etc. There 15 a
need for these but the problem is that they become Inactive,
Once there is no direct interest, people become inactive. We
would still need money to run the association and it is very
# | ^ l to get c ^

I think in a year or 2 the association has to have a look on
the prime action that will get members interested. If the
association is able to have a pièce of land and develop It/
that would help. The association must be aware that It can
provide a full-time service. We can gather all the publications

.,'90̂ ,,:JNm the cosVof^pjoto^ with-
out subscription. The reason for being is to make sure that
it does not drop dead. We have a lot of interest in the centre.
We went all over to find an area not politically committed.

The people who have Jtheinterest are the manufacturers. The
demanders are main f̂ government bodies.

What we can offer ia the facilities of the Environmental
Information system that can be, included 4nour annual budget,
We are going to lîèyç a conference4n 19âl4n<u>fUuiio£ion withy
the University. It organises agricultaral weed with focus on
a number, of lypeft W^ffe go*ig ^ t h project» to p f̂jr
commercial companies to exhibit but that ia after 2 years with
the mass media, .;,,... ;

If you organise an association you have to be PR- minded in
many ways and to look for avenues to build on. But you need
a home and certain things to promote your aim and the simplest
thing would be land. Affiliated association with universities
is

So with the home, our actual cost of putting up a center iB
nil. As an association, we have to work on a circle to build
it. I do not know a number of associations that do not benefit
from it directly because most of Ôi0m have a need for the
results or informaUon coming out more than in magasines. To
be successful, you have to hit their desk every week for
something.Other magazines go out because of their adverti-
sing value. If you can multiply only this, you cannot die.
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Df • SUhàliùi: How many individuals and or^anJlisatl^wi&in this country
r ie«lly intersted to support an association? If ltlsonfy
lew Individuals, thert I do not think It Would survive.

. ' . IS ' .Dri Grombach:

Mr* Rossi:

Evelyn Tan:

Mr. Rossi:

Evelyn Tan:

There has to be a nucleus first. I; atn sure that with the asso-
ciation existing, the main part of the bigger cities will be
Interested since we have something to send; I agree it is very
difficult to ma fae such a thing on a certain way butt realise
what it has cost me to make my speech yesterday, it was
Gaslor, to : prepare It than the cost df ray journey here. It Is
only a question df the paper and print. We could go without
the colour and have offset printing Instead of book printing.
The water suppliera and thé sewage organisations of the big-
ger cities In Asia sire surely interested.

It lé a reasonable way to get started^O»é way is to get them
Interested in a dlr^cto^y. We have 00% re ponse to the direc
tory and In Id jOlnfejd thepti from that effect. That is natural
because everybody wants to have their names printed in the
directory.

What we should do is to set our alms and I will ensure that
that tjtte assdclàti,bn gets on without any problems,

Are ycnJc #O'ing |o be &e Honorary Sôclètàry?

Your rewards would be long coming, 0oyou accept it?

Yes. 0o not worry about money, as I am willing to bear full
responsibility jEor It.

— » . - - - INTERVAL

| p f l F : PAfiT Q N E
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MINŒTES OF MEETING

SECOND PART)

Mrs - fa t^ët u VI thi$k ttie Wi^er^a Xt̂ er |U» • ipo, general, We con name It a s

iDr. Crôrabach rt fs 'alrigKt "it it is g^en^ral. ,&%'&$»,. wat^r quality will be too
^ complicated. I think water covers everything.

)* * • » ^ ^jo P^PP^ ^ 5c|^s|ftp w^tey. an<à wag te water?

by putting it in oar objectives.

Rôs^I JYés, ^qf fsftall w«fe call 4^1vyater^|«o<?iation Asian Pacific?

Because we want to include the Pacific people,

is ftis name acceptab^?; ..... ...Vt ,
• . • • . • . • • ' • •

:
; • • • - : • • : • . . - . < • • & • • • > ! * « n ^ a v v • • • • • • ^ • • . ' . ; ; ™ • : . . • ; ; : . . . ;

Dr. Suhaiihi c ^ ^ J » Is,the Pacific^ Ukely to aec©0 ws?

Mr. -Rossi Yes, they have no way* You will notice there is something
wrong in the constitution from pages 2 and 3 onwards. That

n o t a ^ p p ^ h e r e * . ~u , . ; •;•-,. , - . f j i; ,''•••.• .- .,, ; , .. .-. ••

Mr. GromlJacfi I do not quite se^ tha,re!»poneibimty of the Executive Councel-
..,; l ^ t h e d h a ' t e m a n . . ^. ,:-.--r•. .* ;••••:••.:••. •;''

can vote by
^ j ^ ^ f?i&i | foe necessary to travel

over'thousand^ ^ | ^ ^ ^

Dr. ^ | o y < . ^ , l . ^ 1 p p | ^ % r

Dr.;C^omb l̂f, ''.'t| y^^injc i^^feftS#ttp^^t*W* & *»-.«tlll some
; ; ||eianoe |cpin BangJ^j^^L»,-,:^n4 we should not enforce

strictly the quorum of 5.

Mr. Rossi , For example* whe^^an^koJç wa^itfi.to get the thing moving but
they do nothauwcttoe time to come, we can clearly vote by
proxy.

Dr. Suhaiini We have to consult the registrar of Sociatte** We have a
set of provisions in our country but X am not sure of functions
outside.



Mr. Rossi

Dr» Suhaimi

Mr. Rossi

Dr. Suhaimi

Mr* Rossi

Or. Grombach

Mr* Rossi

Dr» Ben Liu

The Association should have enough money to get together for
a conference annually. The problem is your objectives i We K 7
have it in 10 parts In Clause 1. There is a sort of specified jt
tion so that they spell out that we are not political which is
Hie worry to^tbe country* I think it would be very simple for
you to replace them and have at least 6. You better have your
Pro tern committee listed.

Zhere are at the moment only 2 of us who are willing to
volunteer. Are there going to be more?

We cannot act unless we get officially formed and constituted
publicly. You have to start a scale of fees but all are in a
corresponding position. Is it agreeable to everybody that all
J» members of the Protem Committee?

(AU Agreed)

We have to have at least 15 members to be a protem committee
and can be replaced when the protem committee becomes a
committee by vote. Do we need to have a qUorum?

Yes... : • •' . , ' •' '- • ; - f : l [ [ . ' •

As usual we have to start a membership in order that you can
have funds to work with. If you look back at the previous list
you will see some corporate numbers and some likely to be
individual members.

If we decide to arrange courses with the University, which
we plan to do so in the future, then we have to look again at
the separate student membership.

We should separate a bit more, like stating US $ 40 for
individual membership, US$ 100 for Corporate membership and
US$10 for Associate membership, if an office wants to become
a member, is it possible for a Qoverriment office to do so?

No. Only Corporate membership and they can well afford it
because tiiey are the ones who want information and particularly

t o e tee. • • • : - ' • '•••' ' ; , • ; • • " • • : • . • "J v; ' ' . , ' " . . / •

Can we have the US$10 associate membership with voting
r i g h t s r •••••• • " < • : • • ' • ' • • • •• - ' ; : ' •"; • - . •; • ' \ : - : J '• . . . ' • "



Mrt Rossi

Dr»

Mr. Rojsi...

Dr, Suhaimi

Dr«

Mrvïiôsst

Dr, Grombach

Mr. Rossi

Dr. Grombach

Mr. Rossi

Dr* Suhaixni .

Dr» Grombach

Dr* Suhaimi

Mr. Harvey

Dr. Suhaimi

Dr* Grombach

No, because of the value of the awociatiûn* A foreign
who wanta to locate agents can use it, so why stagnate a
association fee?

I think government employ©*» should be «mpJoyee» gt the
Universities too*

Yes r I agree and we will amend it. ' ,.

What about the accounts ?
.. , , • • ' ' ' •• ; i v V : . •'• • . • • • ' • • • • • " • • • •

We have one of the. members doing i t on a rotary basis. It is
an outgoing which is pretty easy to access »

Is there any difficulty about foreign exchange?

Yes, we have to get the dollar separately.

Will we be able to pay the fees ?

• • ( " • ' • , •

And for example, if the members in Manila have to pay in
Kuala Lumpur.

He can get the foreign exchange to da that*

And they can pay bank draft?

Yes. Your accounts have to be In your own currency and then
can be converted later on.

I should like to have someone to promote the awareness of
water quality. Perhaps Dr» Suhaimi can define that. Just put
it in as " Awareness of Water Quality" •

What is the term of reference to protem committee?

It has to: be registered in Malaysia*

We will send the draft to the members.

I suggest that you send the draft to everyone when it would
take at least one week for one way to reach and one week
for suggestions andaBatherwi^Jc for sending i t baek
which takes in all thrfce weeks for it to come back.
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Rossi :

Mr* Harvey

Mr; Rossi

Dr. Ben Uu

Mr. Rossi

Evelyn Tan

Mr* Rossi

Mr. Rossi

What would be the liability here ?

If there are no suggestions or comments on the Job, that Is
fine? but if one or 2 more o bjects th©n what will happen? ,

' : . ^ : : i v ; . , • • / ; - • • ^ ' ; ' , • V ; . ' - • •'; - l ; V : ' V . . ^ , : - -

We trust Dr. Suhaimi, who is the chairman, to decide whether
3 suggestion ls.good or nat. We shduld have the possibility
ô : dicing^^ som»s«g^estiorte after seeing the draft. It has to
circulate twice but you can bill at the same time, .

I suggest that should you want anything dc>ne, you can
send everythingTt»tortoerë and I will doit for you, èuttihg-
down your cost. I will do a form and get (them to pay for it,

I propose that Mr. Ragman of India be included. Also. Mr.
Trevor Smith and the gentlemen from Singapore because Mr.
Smith has contacts in the United Kingdom. So bill them right

I notice that there is a 6 months period. Is there any reason
for v : 1

No, but the sooner we get this thing started the less*strain
there will be for the Chairman. Dr. Suh|(imi and Eveljoi can ,
sign for the bank statement and the cheques but you will have
to send out the bank statement»for tfre signatories.

. . • • • • . • " • , • • • • ' - . - ^ . • • : ' " : : . • ; ' : : , . ' ,

• !•' 'À'-
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MANAGEMENT

GÔNÉERENCE DELEGATES

Ç*» Peter Gïotnbach
Partner ;; ' . ' : ; . :" .
Grombach Consulting Engineers
Zurichbôrgstr 20
Zurich, Switzerland
Tel. 0 1 4*<4478
Telç?iLS2î^7 gron» ch

" • " . . ^ • ^ • ^ . • ; - " ' . . , • -

Lee Boon Yang.
Sadler Manager
HydwarM ' ' .
39 .Rue Croix Baragnon 3100
Tel. (61) 520205,
Telex: TAMP 530955 FC 01

DR.R A. Rao - v •
L-131fëch m 80
National Research Development
Corporation of India
61 Ring Road, Lajpatnagan IU
New Delhi UQ024
I n d i a ^ • • • • • " • , ^ r ^ O ' - ' ": • '•'

• . " ; ; • • • • , ' & • ' • • • ' ' ' * ' " :

Peter R. Hutchison .L
Project Officer ,• . -:-
Tloxide AustraUa Pty Ltd -
P.O. Box 184 Burnie
Tasmania» Australia
Tel, 004 a* 3133 .-.- i.-•l.-r.i^ -
Telex: AA 5 5 ^ 6 :" -''

Segundo R. vêrgara
Chemical Induatries of the Phil . ,
ChemphU Building
851 Pasay Road/ Legaspi Village
Makatt, Metro Manila
Philippines -
Tel. 881961 ' "

Eastern-63851
RCA - 22236CIPPN

Inc.

3 -

! • • ' ' .

Fleser Lau Nal Hee ,,
Plant Superintendent
Kuchlng Water Board
Batu Iintang Road;i i

O 1 t o

Tel. 20371 \
Telex: MA 70112

Chen Kang Ning
Sales Executive
Iindeteves Jacober» |
1 Commonwealth Lane

Pte Ltd

Tel. 647191
Tetexi RS 21421 tH«3AÇ

. ' ( . , , - , " - y •' • • • . . • ' • * • • • •

1 : . ; : ' . . • • • • , • \ • " • . ' • • •

Barry Stone
Marketing Services Manager
Catoleuro Pie Ltd
Anderson St, Botany
New South Wales 2019v Australia
Tél. €$3-7733 ' "'li"^^::' '•
Telexi AA 25673 J „

Dr. Ausafur Rahman
Lecturer ••:••;:'^;\-,\ •• '•

University of Singapore
Bufctt Tlmah Road ,y '; >/ ù (

S i n g a p o r e 1 0 2 S • • • - ^ v " . ' > " - : ; ; :. ,.•••

Tel. 256I&451 extn | S

Sttiart Menzies, Manager
Kampsax Kruger
AIA Building
No. l$MÏ&>J
Hongkong
Tel. 5-756741
Telex: 65862
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Bengt Carlsson
Manager
Efca AB '
FACKS-995 01 Surte
Sweden
Tel. 031/98^20
Telex: 2935

Friedrich Kriipschild
Schlegel Engineering GmBH
2000 Hambujfg | $ ^
Bredowstr 33 ; " '
West Germany ,:.
Tel. 040/^320085

2163748

Ernest Pariset
. Engenieor Au Bureau Des Expetts
Sogreah* 6 Rue de Lorraine ';
38130 Echirollçs '^v ;

F r a n c e ' • ' • ' ' ' .'•^•^•.. ' " ' . • ' > - , • • • ••'u

Tel. (76) 09.00*22 .
Telex: SOGRt 98p87,6 F

.UnTsu-Sen. :.::.,:.,.i:^ ,-.,_ • J:-y-) yu:'v''
E n g t o e e r ' : . ' , \ • • V ; : . ' ; i •,•••••''. ••'•""•• "

Industrial Development Bureau MGEA
v2nd Floor» 109 Ban itou Street
Section 1, Taipei, Taiwan
Republic of China .
Tel. (02) 331-7531 r

Dr, Suklman S^rmani ' = j W ;
' L e c t u r e r - v . ' '•• ' • • • — : K
Univers iti Kebangsaan Malaysia
P.O.Box 1124, Jalan Pantal Beru
Kuala Lumpur* Malaysia
Tel, 567555 extn 273

Dr. Coomarasamy Soma3àndaram
Medical Officer of

rCo|ombo M n i c i p l ;
i 5 / i Melbourne Avenifé
Colombo, Sri Lanka
Tel. 86865

R» HarJyoho

Yôgyakafta Water SUppJy Ènterptise
j^tlan; Wolter Monginsldl No. 3
Y6gyakarta> Indonesia
Tel. 5870

Ir E Budirahardjo .-..: .-•
Vioe pteectex *(rech» & Procutlon)
jfakarta Water Suppi^i
Jalan Penjernlhan: - '
Jakarta, Indonesia
Tel. 582938

H , B r o u x .,•••;• " i
Deputy Regional Manager
Degremont International )'
2105 Roblna Hpus« ,' ;
Shenton Way
Singaporej 0106
Tel. 2215622
Teiexî RS 21175 CUVIER

PrincipalEconomi&t! - ;

Midwest Research Institute
425 Volker Building •
Kansas City, MO 64110
Tel, (816) 753-7600

Dr. Ariffln Sohalmi (Pfofes sor)
Univers Iti Pertanlan Malaysia
Serdang, Selangor, Malaysia
Tel, 355426 *
Teiexî MA 37454

Elizabeth Lee > ^
.:Sal««:;Execiu|iwe- •_;-,;,̂  ;,.'..•.;
Guthrle Singapore Pte Ltd*
3 9 , S i î i « h - A A « B n â e - M ,U •./.';•;;
O^Bukit
Singapore
Tel, 662555 éxtn 372
TelextRS 21681:
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PJ Harvey
Chief President Engineer
Benardet Singapore
c/o 2 Win$tedt Road
Singapore 9
Tel. 2820810

Mr. Vlroh NaJcornohai
White Group limited
29/5 Saladaeng SOI 1, S Horn
Bangkok, Thailand
Tel. 255*0515

Dr. W A Osenga
Engineering Manager
P V Pacific Pte Ltd.
1601-1604 Jalan Sultan Centre
Singapore 0719
Tel. 258794
Telex: 33225 PV PAC

Surachai Ruthalrung
Technical Sales Supervisor
White Group limited
29/3 Saladaeng Sol 1, S Horn
Bangkok, Thailand
Tel: 2350515-9

John Lai Shang Jen
Engineer & Manager
Kuching Water Board
BatU linteng Road
P.O.Box 617, Kuching
Sarawak, Malaysia
Tel. 20371
Telex: MA 70112

Peter Gpbanks
Mecomb
10-12 Jalan Kilang
Redhill Industrial Estate
Singapore 0315
Tel. 271333

Dr. Trevor R. Smith
Stanton & Staveley
P.O.Box 72, Nottingham
N910 5AA, United Kingdom
Tel. (0) 602*322121
Telex: 37671 S BSSG

Hubert Manoeau
Representative
Pont-A-Mousson SA
Hotel Borobudor, Office 12A
P»O,BQ*329
Indonesia

Telex: BDOIHC JKT 44156

Leong Kon Fan
Mill Engineer
Sabah Land Development Board
P.O.Box 1610 Kota Kinabalu
Malaysia
Tel. 51252
, Telex: MA 80045 ^

Yae San Kee
Sabah Land Development .Board
P.O.Box 1610
Kota Kinabalu, Malaysia >
Tel. 55022
Telex: MA 80045

Rod Wong Khet Ngee "•"•• T

Chief Engineer
Sabah Land Development Board
P.O.Box 1610 Kota Kinabalu
Malaysia ;.
Tel. 51252
Telex: MA 80045
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Suwitono Reha*$o Dr. kasug iCOmolrit
Technical Representative Sanitary Bng£teeT
Catoleum P/Q Bangkok Municipality Authority
Jalan Telepon Kofca 6 Bureau of Drainage &#ë#eragê
Jakarta Barat Technical Service Division
Indonesia ^ CharoetiPol
Tei. 275575 : v Patumwan
Teiexi 42684 ^ , Bangkok,

). •••.-: • ••'•••" ; ; - , r : i;v : :•. • • T e l * . 2 5 1 6 9 2 a

B e r n a r d o N * V u e h a v e n t u r a •;•:•.•. :.; \ ....
Manager, Environméatel Systems Dept.
Technosphere Consultants Group Inc.
4th Floor, Herdis Building
180 Salcedo Street/tegfspl Village u v

Makati, Metro Manila
Philippines
X # l . ' 8 5 3 . 0 1 1 ' i - -'J""-:-;••"•• •••' ' •' - • • • • . • > - ' . ' • . ' . '."•;..-. .-.^ .••• i :

Telex: 7222280 HÉD PH

Chandra D. l>cmhiah • ,
Engineering Science Incorporated
150 Hungtintpn Drive
Arcadia, Los ÂngeJ&S ,,
USA

Robert L. White :
President v

Engineering Science Inc.
.125 W Hungtington Drive •
Arcadia, California 91006
USA
Tel. (213) 445*7550 . ;

Mr. Summon Tafcànataya
Sanitary Engineer '
Bangkok Municipality
140 Dinsaw Road
Bangkok, Thailand t ,
Tel. 2514399


