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| WATER QUALI‘I'Y MANAGEMENT

by Peter Grom]:ach, Pbysiciat. auﬁnh. Mmland

) ’j’water quanty manageman: ;a baSed on tbm four steps:

e *" " Choice of the. best raw wates avafleble 7

- Thorough techniqal tests by pilot plants
~  Careful choice of appropriate treatment:
R thensive ‘continous quamy mo:uhorind : o

T!ml‘e are m&ny e.lem l;a whlah_&:ﬁhxencew Wﬁ&' ‘but One n& the most
MﬁfﬁmécMeotgnrawu o I BT
To do-this one has_to start off by mvesﬂa&tinq all possibla poses: of the .
the Projects -It‘may be that addition:
‘conmected th future, The water. 1a. often. also, nem for uﬂgaum, wa«terways.
recreation, industridl cocling systems, On the cther fiand, it 15 sometimes
better to take the water from an already existing catchment or water works, All
these quest&oﬁs influence the chq.‘hee of the water to’ he treateda (Fige I
The second mvesugation @als wwi the. Quauw of trested wal "’"f w be acheived,
The minfmum quality is detined by law in most ‘weointries, Lut in many cases
hethu"ciuauty 18 necegsary o at least desirable, “But a. demand m quality “as
good'ag’ possible® is to be aveoided,. Jbegause such: quality aims 0 be associated
with unmnued costs. - "At lowest: c@st" 4s: pot encugh: etthar., !?he best procedure
“is tO'defihe e ngcessary quality ;in detail and at'the samé time- give the
maxtmuz‘n mesgnent that may-be made for the: water, ' If it proves, impossible
to Mce wata at. theae costs, &!.thm theideah'ad quahty has to be lowered

'..'-’rl

Fig. 1t Investigations of all existing water resources around a small town.
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~ or the raw water resources have to be sought elséwh

-~ - must be evaluated for every resource within acceptab.\@ distance of the . ...1...0
‘consumers and this evaluation is Hecessary over 8 18nfek period of time, = -
usually at leastone year to allow for seasonal. dmnges. Short term pollution

. peaks may often be omitted #f water is available from storage for such short
periods. Step by step construction of treatmenit plants iz advisable in all’
cages where the swater quantify iétease with time. But Bils procedure 1s also
appropriate if the qiality of the taw water or the mwewary quanty of the
treated water 15 expectedm chame in fu'a.%re. ST -

e .5\:"!

‘As an example of suah mvnsugauons 1 memum asmall town on a lake

~.with ground water some distance away. It had to be c!écmed whether the lake

water or the ground water should be used, The quality &f the. treated lake

water had to 'be equalto that of the ground water, This cond;ttiam defined the

... pecessary tredtment of &xe lake water. (n the other: hand the ground water
needad higher pumping and thecoastruction of a lowg. feeder pipe tine, ft was
found that a highly" pashed treatment, removing even poliition. ums, was

. moge. ewnomwal tham the &aﬁ&port of the unmated groum wat:er. o

, ‘-;\_l:".'- e -_ ‘ ool e - ..(..-: e AT ;-_;‘v%‘u -i:.'_ ;A‘f_j- PR * teald B S
: - . L » - - - _' L. 1" ) -

2, By ' 2

. ... Pilot plants-are alwayﬂ neaesaaxy i raw mta;' quality 48 not known
_ exactly, if, as with river watet, It changes with t8me, or if any hew ireatment

" 'technologies are to-be waed. m« ?puot plamas mhr demat referencma for the

a ",'j. water fmm th¢ P — dw mﬂumce of ih& pmgseas on Specifl&d wnmy

" parameters must also be cvalusted, Careful interpretation of the results is
most. important v. Dependences often become visible only after appropeiate
' remesentauon and evaluation of suitable characteristic. values. Results should
be independem of &xe size anad Mperues of tbe pilot plam. ' _

It is desirable that only one parameter should ‘be changed for each run

of the pilot plant. If the influence of the filter velogity 48 in question, filter
mass or chemicak doutnq must not change during the expérimental series.
Such constant conditions are not always: possible, due to uncontrollable
changes of raw water quality. In such c¢zse, the influence of raw water

- quality on piiot plant qperation should be evaluated in the first series of runs,
In later experiments, the influence of the raw water must be euminated by
correcting factors. The only dissdventage of the procedure les in the fact that
evaluation of the raw water influence’ &lone often t&kea more than a year and
involves considerahle 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 suitahle for removing
trace pollution. In other cases the pollution peaks of the raw water are of
special interest. In such case, changas of opera ti.on during the passage of
the peak must ‘evidently be avoided too. : _

Provision of sufficient time for pilot plant opa'auon is most 1mport’ant in
many freatment  design programs. Final desjon and construction cen only: start
when the pilot plant expertments are not. only im&shed but alac:e evakmted
and- tnterpreted. o

, Pilot plant operation should always show dep@ndences between physwal

or chemical paramgtars ans not just si.ngle measuring. points. It.-is quite in~.

| 24 ‘dddlare that a perfect drinking water. is achieved. “with a filter

run of 12 m/h veloocity, The relevqnt qmuties of the filtrate, e.g. turbidity,

ﬂoaunq matter, plankton, _{ron ¢ ontent, must rather be measured for filter
508 $t0 25 m/h In a sufficient number of small steps, The diagram

derived from these measurements will then show which fﬂter velaocw s

apmﬂrm fcsr the des:.red quality oi,giltered water.,

If the raw water quality undergoes hrge scale ohanges, it is- often .
deceptive to calculate the efficiency of the treatment, If the efficlency of a
sterilizing treatment is 99 %, it is quite lnsufﬂcient for a.raw water with over
1 000 000 germs per ml, On the other hand, an efﬂciency of 90%-might be
quite sufficient for a slightly turbid water,.So it is much more-the absolute
quality of the treated water rather than the efﬂcienay of the treatment; process .
that is domwe for the evaluation of me @ppropriate treatment. Specially
‘dangérous are péliution peaks of the. raw water that'cause deficient drinking
‘'water from treatment of constant e;fﬁ?iency instead of consbant quality whtch
is safe. - .

As a sample ‘of such mvestigaumq 1 mention tha pilot plant that was

installed on the River Rhine to prove that micro- flocculation followed by
double ftitration will produce water of sufficient quality for chemical works,
~First of all, filter velocity and chemlqal dosing were kept exactly constant -
for many months so that only the raw water quality of the river changed, The
result was -that the treated water was, of sufficient quality up. to a raw water
turbidity of 500:ppm and deficient with hmher raw water turbidity. In a second
series of runs, it was shown that up to.» raw water turbidity of 20 ppm, no.
flocculation was nhecessary at all. A third series showed that deviations:of
quality were distinctly stronger with filter velocity of 10 m/h than with & m/h .
In the last series, only chemical desing was veried between 0,5 to10 Ppm
and the optimum was found to be 2 ppm. These few questions required a i.-
pilot plant operation of more than a year.( . ,



The ﬂrst ste pin quality management les in the choice of treatmant
a ppropriat e to'the properties of the raw water ‘and to the’ desired quality of
treated water. Theré are Several treatment processes suitable for each treat-
ment and each treatment process can meet several purposes, Optimizing the -
treatment therefore means finding a combination of the treatment processes
such that all purposes' are met with least expenditure, It may be that a very
expenelve process used for ohe special purpoge 15 quiite gconomical because.
it is able to fulfill some other treatment at the 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 fine sand filter instead of an ..
expensive activated carbon filter, But if the remdvail: of high molecular. otganic
pollution i3 also a requirement of the treatment, the acﬂvétemmrmn futgr A
will perform both weatments at the same time, while the fine sand Hitration
has to be:followed by ‘Some polishirlg treatmeht. A qm::k survey of existing
treatment processes-for éach purpdse will help'ts’ ﬂldmﬁm ?WW*QW
combination. A matrik was thereforé assembled showing the most important
treatment methods horizontally and the treatment purposes or quality shorts ..
comings vertically, To limit the siZe of the malrix; only the main pmcesses
are indicated, and not small varfations, such as upward filtration. All the
same, it shows the importance of defining the purpose of treatment ffmm the -
 very dtart of planning, ‘and the' possibﬂ:lty of chc:ostng multipurpose pmcesses
foronesmgleinstallat{bn.,;ﬂ , o - R

The most econom:lcal dimensions of treatment mstaﬁp,f 50, are almost as import-
ant. as the ‘cholce of the right process. Such dptimization needs careful - :
distinction between Umiting conditions and the. objective funatiqn. I.imiting
conditions are specifications that reduce the range of boss
Example of such limiting conditions are the desired qlality of 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 demiand and regulations of environmental protection, .
The totsl acceptable cost is a limiting condition too. Objective functions, on

the other hand, are the mintmizing of costs of investment and operaum,
maximizing of quallty and availabiiity, Optimizatlon must be confined to one
single objective functions are regarded as limiting conditions. If minimizing.
cost is the objective function, thén the minimum ac¢ceptable quality and . .
availability are limiting conditions. H'maximizing duality is the objective
function, the maximum-acceptable availabllity are limiting conditions.. An
example for cost minimizing is the optimization of alum dosing and fi,lter _
depth in relatton to filtrate quality and the cost for deep filter beds, alum

and wash water. An example for quality maximiziny on the other hand is the
chotce of appropriate fliter masses and depth in muitilayer filters, taking
into account the acceptable cost for back wash and for sludge disposal,
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Simukanews optimizing of: ail m*aatment pammeter is-an ﬁnposstble task.,

' . On th@ contrary, it is. necessarx&m Hmit optimizaﬁon tothe few most 1mportant

sl

oSy task needing profmad im:;wledge ointhe theory oﬂhe Ireahnen;

......

RS

-

No management ;l.s possible without sufﬁcmf data Whue quanmy moni-—
toring is quite common in the water lndustry “,E you think of water meters, -
level gauges. and manometers); - quality monitorsisg is mostly restrioted to a
few laboratory tests once ina wl;;lle. This is not enough, The main parameters,

" such as mx:bidlty, PpH, fron content, redox potential and chlorine content have
red by continously: working.meters.: Theré:have been qufte-a number

0£ auch'meters on the market latqlx. mostly as combined mornitoring stations .
Though the price of sych stations is. ot low, it is quite negligible compared
tothe wst of water catchments or pt,pe networks., Constant monitorthg is the

only way of ensuring that a piiblic water:supply does not become a gource of

--;‘drinkh%g watef.

disease mstead of a means of ;xospeztty. ,

th&y monitoring aIso !nc!udes trace analyais of heavy metals, such as
COPpet, ‘cadmivm, mercury and lead as well as- carcerogenic materials in

conmtmmns of one part per ‘billfon (ppb) . With ﬁm fiew: mstruments even -

feta can: perfoun such amlyses. . _“_
Quanty monitoring is necessazy in three d:lswmt ﬂelds namely~ monitoring
the enviropment for its influence on raw water; optimization of treatment ‘

| . opetatton with its s pecial influénce. -OR. chenMbal costs; and monitoring the

treatment - pnocess ‘and the u'eated watar to guazantee the good quam:y of gxe

"‘Q-

MQN mq the envitmnent mwnt take the wheta water basin upstream from
: ént into consideration: a&d this yoes. forgroundwater too, Monitoring
‘wmust be so complete 48 to. enalile the works manager to take steps

“in casé ai"wm deterioration before tﬁ&rquvality of treated water is affected,

: -Monttorlng the -treatment process is: mwh easier becaase only @ limited number

of parameters is influenced at each.freatment stage. It is very important to

. “avoid insuificient quality of deinking water due to treatment breakdown,

£ Mondtoeing. the water at€he works -exit 15 also important to prove certain

cases: ﬂm J bl:pr quality was admute bt it must be realized that once the

- ‘water leaves the treatment plant no:fs
Iy betps
or. durspg meqtment as desmibed alsmre.

R

er steps.are possible: 80 1t is certain-
-t eontrol: the water quality earler, ﬂmt .ts, in the catchment basin




Nowadays many works managers realize. that it is also necessary to monitor
the water quality in the digtribution. networki: Unfmtmately. memy cases are

.. known where water leaves the water works in perfect condition { ér apparéntly
" go), and detertorates in'the network or in. the ‘eofistimer’s house Ing¥allations,

If such cases come to-the knowladge. ¢f the works: maﬁage!', ‘hé mustrot search

for the fault in the distribution network o at thé cénsumer's-héme- but improve

the treated water quality in such a way as to‘make it proof-against  interaction

with pipe or reservoir material. This can be done in several. way s ‘pH=¢ontrol -

against corrosion and rust-colour, fine filiration against sludge depots-in the
pipe netwark, oxidaf.ion oi organic matter to prevent germ development are

ameng them. .~ - B '.

} &g" ”. E

Many casea have proved that quailty mmwm is not on.w actvwable bturu ~

_~also econamical. S Vet Eia Ry it

)

PR . ,-,;_

'L‘hus water quag-my managemmt nowadays x&ecomes as jmbmant‘ as wa‘ter

'm&nagement 111 geneml. ey

. , ‘ ‘ . ,n 1 ‘ . _\_‘._: i". R : _.'. PSR TR ”'..-

:.e_«:;'Ques’tions and Answar S0 ;:f-ﬁ' e Tees R S

: a‘.\-':-.’..f; TR I 1 NEA RO . P EE EP R
Dr. Liu ! think you have some truth here. 1 want-to know how you can

‘set up some kind of standard quality. Pre..umabty you have to
. have a certam composite indication sb thnt there 15 a level
- of qup,w;y, I want to know:also how each country can set out
- its.water quality with no difficylty of social and economic
concerns. It is notthe job of the governmentds a whole but
rather the authority in each area concerned:’ They, perhaps .
: ‘can come up- wﬂ.*h the standard @F Quamv :

Dr. Grombach. - -Yes, of course . agree and £ ynu thiﬁk‘ gf the WHO, they also

Cor give some quality limited for quite’h 16t of projects, such as
& turbidity and ‘germs, but please remember the second item I
e -~ mentioned about the I 'ximum Possible Investment, Unfortunate-
- ly: 1 have seen in 1y life so many good-projects that have
-+ ended in the drawer, This {8 because you ¢annot afford to
talic abot things. which are much too highin cost'and if you
combine: these 2: then it is réally 2 question -of nécessary
- quality because with limited investment you cannot obtain’
... every quality you want. The ¢hginéer; te chemist And the ©
- . solentist have a tendency 4o 'get as‘mfich quality as possible.
.- Itxdnes not exist because ybu' can acheive any quauty 1f'you
pay the money for it and:agdin that'is why I say w’ to develop
. the necessary quality to Limit fm}mmwm ‘evén i you knaw
. it would be:better to get'd bieter Gueitty, Thisiswhyt - &

- created the expression "necessaryiquality®; Cf course, I

know it would be the best thing to have qualiiy water that is
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Dr. Osenga

Dr. Osenga

Dr. Grombach

s

~7‘

- beyond any complaint,

In the economical and secondary venture, there are. apparent
effects of water, mfa water quality should be just from the -

* source and not end”&naer 1ife whepn water is consumed. That

‘should be the desited rusult, The government authorities have
the f.acility to supnly water to fulf.m this condition,

| ; - HOW unld m deﬁ.ne water quality paramahera?

Net:essaty quauty in the ﬂrst place 13 of. course uuamy

. aocording to the law,. In my country there is a law governing .
«hutrition which agpiies not only 1p water but.otherthings as"
~well and which ig* smﬁmes : - to achieved There s a
.certain turbidity' which is aocemm because it is not scen,

" but for-certain industries such m:many is not agcveptable and -

- the necessary waw qual;w mist be of a lower turbddity. .
Someﬂmas you { piote’ than that. To give ammmpla, Mr ; N
 special quality especially . about e
: PaRidual geims’ and water which is absolutely gterilised 50 -
*ﬂuﬂ: you will'have to''be very caretul with the-project. The
wrong kind of germs will make the beer acidw. L

R

b}

ot

~ In your own context,\f.-ww have described the eﬁects of water . 7
on the preparation’ f beer and also that in many countries '

-you have the law lagying ’behind demand. I think that.there
is danger and it does make more sense that you make water “» o
quauty suitable, At the same- time water is used over the -

" country for the aammnee& 80 there will be oneﬂuahw
parameher. ERRE

; -.,‘:-»‘: “‘!.f'.: .'J.'

Yes, 1: seems you gre right. You have said that m my country
there is 2 law, following every demand and we have under- -
~'stood that in the srea concerned, there is pollukion in the |
drinking water, Drinking water must not contain poison., There
18 a dﬂfetence m tha mtmmum wal:er .quality for each.area,
It is acmau.v the m of the Water works management to
say and to define What quality he wants to acheive and again
-1 88% of course i 1886 is an area, the area has a main
quality but we canm’a'nd do not wait for the law, We do not
wait for the law but should decide for ourgelf what is nece-

- Bsary. If you say that there are universal parameters then

1 do not agree. When you open the tap here, the water has

“- a temperaturé of 2025 degrees and It {s quite impasathle

“$o-get cobler watdr.,’ ;fn my counw. .mtar hag.a 4~6 dwrees‘
tempemﬂu‘e and you tealize that it is more dangerous here
than in my country for qerm aftergrowth,



B WAm Qm\uw MANA&}:M m mn:c:rs OF THE 1973‘-1?2«4 s'rumr OF LAGUNA
na BAY (phuzpmesi wnm ﬁnsouncns szm.om EHT

.....

by E, Pariset, Sogreah, France

._,i

I.aguna de Bay. m the thpyines, Is a ahaJJow lxac:klah lake of 900 km? dig-
charging into-Mariila bay through the Napindan and Pasig:rivers (slide no, 1),
These rivers flow through Greater Manila (5 million:inhabitants) and receive
most of #ts wastes, The water i'emu;:ces of the lal;e are: pok «mciently used -
mainly becausé of Periodic salinfly and large scale. ; -
around 1990-2000 Lagiine de¢ Bay. water will he»mdad for the supply of the
expanding population exmtbd to reaah 14 to 16 milliens by:the year 2000 and
therefore the formulation cxf 3 water manaqemem. plan !or Hm ammum develop-
ment of water msoumes was néeded. . R

-..<. P AR ST

I wm smmaﬂze the mam water quamy aspects of tlm M mmed out in
1973=74.and sucessively maent' : L

- the dwgnosls nf the pmsent health oi the lake

- h AN
z(‘v (A ‘\x

- the assessment ot main possible water uses and oerrespmding water |
quanty objectives ‘__ | o , L

- the defmmon of a prelhnmary coharent medium and long wrm Mamme
fm‘ mching thei above éWectivas. .

To conolude I wm m _‘ s‘ome persaml views on insuwuonal aspects.

by L‘N’: g R H}? ol

L i \_m,
L‘ﬁ-

Litﬂerellahle infmnauon on the water qugluy of the lake, qmept temperature

Cee :;r.‘-*;:_ ‘ poba b ’ o TSR
. r wow e

N
AR T ’ w

1: The vim expressed in khia artwle are those of ﬂmm md should not
‘be consiered as necessarily those -gtfrthe United Natione ﬂweiﬂpment qu-
ramme; &sian Defvelopmenf ‘Barxk or m; thppine Gwammm. |
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. " top layer af the lake.

. and 5ann1ty, was avanable at thg outset of the study . 'me ﬁrst step was

- therefore the: ‘construction of a fuuy equipped water quality laboratary which .
" - thanks to the afﬂcient couaboratton of Laglina Lake Developme?ﬂ: Authority

“'was operatigmal in seven months,’ Systefnatic aam;mng, analysis and studies

were immediatoly started-by a team of forty people including water chemists, =

e

biolaﬁhw. iﬁnnologlsts, engmeers &nd*auxiuary Slﬁﬂ led by tWO W ots m -

The average depth of the lake is only 2,8m, Under the nearly permanent

v ptesenoe ‘¢t wind, waves easily mix the water to the full depth and Stir the

soft bottom- sediments into: suspension, The - turbidity is high ljmitmg the
light penetration to the npper%o-se am ofw&tat‘ and algae pr ;_,__:._ to the

Watet temmm 18 always high 23" to azéc and bacterial acuvlty. biode- B
gradation in particular, is high, dtgeaﬂng most of the BOD load coming from

: ::organﬁc pol.bxtion around the' ahoraﬂne bgfgre it reaches the centre of the lake,

"...r

.. At the end of the dry sessoR the lake level.may drop “helow tivisebel of the
v ges and aveverssl of the iJO)w in the Pasig and Napihdan rivers introduces
sa,u.me and highly polluted watér into the lake. $11de no.: 2 shows ‘the proge-

ressive disfribution of salinity from Apedl 73 to March 74, In Apﬂl-,[u!y 1973
neatly 2 umnon tbna o! ahlmde entam! the lakm L B

s W’u w m pem»d; Mnmh 1973 ta Mamh 1974, samples Qf water v
; “.‘._-zedmu and .p&ankton were taken systematically at various ‘stattons in the
- lake, along main tributaries and along the Marikina, Napindan' ‘and Pasig’
riveis, The. wmu of these samples. involved the study of about sixty par-

ameters, Analysis of nitrogen and ::iwlphorua wclas was started as research

~ on plankton, fish, and algae. ‘

msaol\red oxygen ocontent is greatly mﬂuenced by phuwsynthests action of

‘algae, ‘On a.sudny day, DO lhbrmeﬂ from 8 mgA at 6 am to 23 mg/l at2

pm, & Iarqa overconcenmtm, e . T

During cloidy end oslm days: aﬂ&'” bt nlgaebmrare :.i'ésem; i"u can '_c_ix?op

to 2 mq/i ﬂ: the carly mmmp.

n!',h« i;}

_ Nutrlem play an important role on the ecology as they cause a large proli=
‘feration of blue~green algae. The averate value of the total nitrogen content

was of the order of 0.9 to 1,2 mg/1 mostly accountedfcrbythestn'rtad up.

sediments that c.ontatned about 3 g/l nitrogen, -

The average value of the dissolved phosphate was below 0.l mg/l ¢



s ulati _axpemmma were conduc:tem.:mmm-af.mthos- ‘
- phosphate did not increase algae growth, indicating s «
.} was already’ sufficient d4nd was nat thg controlli,ng .fa,_ gas. oftan: the case .
in temperature climate, A,ﬁtﬁnulation of abidut 3.7 times was. obsermd by
increasing the nic:,tate oom:entragion from 0, %*to 1 mg/l. Additional expeut-e,
ments con:firmed that nitrét'et was: the main factor controlling algae nrthh

i phosphate supp" | 4y o

Laguna de Bay has al.ready reached a critical stage of pollutionﬁﬁusd,ng 8 verg ’ ::.-.‘

"Jarge blue-green algag PrOdgoticm. ‘I:he math cause is the excessive nuttient .
-waste loadings, main]yl,muogen qE:mpoqnds ‘&Qm ‘H__n,,;:awgmmlm and G
industrial sources around the lake. \ B SR P > , :

Algae .growth fouowa a aeasona.l. oycle. Prqduc.non mcreasaes m March or . ,
April. ,pe;ak conqgnn'atians QCCUE, in Iung-September. an& the algaé pgmlauon
declines’ o a vety low, coum; in, Deqamber-March for maam not.yet.¢learly. -
understood. - This. aycle appearg drredpective of any feverse-flow from the -
Pasig, But since the Pasig inflow, if present, ocours towards the beglnnmg y
of May~June’ and mt:cducea a large guantity of nutrmus% the mm)w eﬁects .
may well setve to acgelerate algae. gxoduction to high hwa\a. FlEan Lo 1o
Slide 3 shows the evolution of the concemration of b&ue-green algae 1n the
lake from June 1973-March 1974... Anacystis cyanea (ﬁi&mystis aeruginasa)
“was by far the dominant §péciess, .S 2 counts cni wp tdm.},ﬁuo, Q«DD cellsf/mi
were measired in Central Bay iniﬁlv and;&m:ugt g,tvjng the wahera distinet
green pe'a scoup aspects. T T S e VT . ..

the catehment az-'ea ‘of Laguna de Bay. Heavy mgtﬁls such as« morcu:y &nd Vo

chromiuin are found in thefactory. effluents and in the lake sediments in some

zones near the shore, Apparently, ne’tther,the concentration of pesticides nor
. tha of any of the heavy meta&a has reabh&d a: cm;mal value, Nevertheless,.

hig boneentrations of methoscychlor; &Feldsin, | B ) iﬁﬁdhndane were found
m some fish species by mmsgamhers. “*‘_‘ R

Kty rnTt;e probl’entqﬁﬂaese hazardous svxbstances 1s not only meix presence tn the
', lﬁke watet:or sediments. but théir mssiple ccmcentratiom.;a the successive
Th: . gteps of the food chain. - Spegial attention should be. gmw to this peoblem in .

" - the future and less h&%atdouk ty.pes oﬁ pesticides should be selected fer _
}‘ﬁagricultural purposes. : o : .

1, . T ' o



. frogen compounds ., The nitrogen wilution reaching the lake in 1973 'was eva-.
luated at 5&9& tons, main sourcea being- .

o ,;_ifi.ivestock apd poultry S | 36%

| e Domestic S ) : o 25% ;‘,

. .

) Pasig riVer reverse—'fiow f‘l_ ;, 22% for.an average year
e ' Pertilizers - _' Sl 11% - | | |
“wm:iiistry o : 5%

In addition, it was found that some 1ndustries discbarge toxicants ﬂtnd consi-
"-derable grease. and oil wastes, The ‘transportation of 13,000’ barrels of crude
- -oil-a:day:by barges acroas the iaka poses a laxge potential thmat tome
' ’f—wheie eco,logy of the lake. e S >
- If nothing is done. the quam:ity of nitrogen poilution reaching the iake wili

: triple by the year 2000 as indicated in slide 4, Public health problems would
~wéréen with the increase in'population. Algae concentration is lkely totrip=

le, large algae blooms’ will be present during much of the year, practically

wiping out fish pen production and probably most of the fishery in th;e open

lake. -lLawer:concentrations of heavy metals and pe;sticides wouid make the
L Wwiving fish dangarous for humari consum ption. A
During cahn. days, aigae would flcat on the suxfacg, iorming a thi«:k crust,

. the top.of which dry and decay, producing’large lake areas with-a very offen="
sive odour that would be obnoxious in"Manila &nd in communities around the
~ lake. The possible use of the lake as a water suppiy source would become
- yery costly if not impossible. The Pasig River would c:ontinue its, massive :

- injection of saline and polluted water preventing‘the use of the iake water for

irriga;#m :md wam supply. B :

'-'I‘he aeiqiml fish poguiation ccmsist:ed of reiatively low val ue species. less
than 3% iegdiiig on.the abundant phytopiankton and algae resources of the
lake.. In 1871, LLDA introduced fish farming, mostly besed on the milk fish
(chanos chanos), sn herbivorous and: puytopiankton feeder reproducing only
at sea.. The operation-was very sucbe __azai and in 1973 there were 4800 ha -
of fmh pens in operatian with a mean’ mductivity of nearly 4 tans/ha/&r.
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The study of the productivity of the lake suggests that the area of fish pens
could be increased to 20,000 ha or 25,000:ha, with a patential production of
90,000'tons/yr having a market value (1973) of 350,000 pesos. Water qua-
lity 15" 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 blooms reduced the value of the harvest
by 15%. It can be @ssumed from algae productivity tests that the percentage

~ of damage will increase linearly with the nitrogen pollution, posing a big
‘threat:to the survival of fishery if steps are not taken urgently to keep pol-

lution within the l:lmits obtaining in 1973.

Imigation .

... Projects exist for’ the irrjgation of a pprox 30 000 ha ftomlaka w&ter auowing
.. »the production of two crops” per year, 1nstead of one. A prerequisite for their

implementation is the construction of a dam across theNapindan river that
will stop saline intrusion. The corres pondlnq beneﬁt would be entirely at-

tributed to this dam. ’

e & . Y . AT .
bl n h . .
N . - - ™ol PR
. . . . RRNPRE M S

' EMstmg studles of. Greater Marma wat.er demsmd up to the year 2000 were’
.reviewed. The possibilities of other sources; were studied at prefeasibility
-level, For Laguna de Bay, the study was carried out at feasibility level with

the help of a 8 m®/hr pilat plant, The study has shown that by 1995 at the

. latest the resources of Laguna de Bay which éan:provide 2.5 milljon m® Arear
-~ will be badly needed bu’ their availobllity is. oondit:loned by effeoﬁve contz'ol

of Laguna de an pollution. " Ciam c s

o]

A part from the necessary control of poisonous substances, the mam problem
~is algae, No experience: exists of mdustﬂal treatment: of water containing

mare thanr 300,000 algae/ml and most likely existing processes, even if
microstraining is added, will not allow continuous treatment of algae concent-—
rations of 1 000 OOO/mI or more. i .

The pilot plant whioh was operated 8 months 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 éliminate 99.9% of algae up to congentration of the: order ‘of 200,
000 anacystis/ml, Larger concentrations did not ocour on'the site. At this
stage and pending further research it has been estimated that-algae concent=
ration 4n 1973 has already réached a Umit value and consequently the 1973
'nitroqen polluticm has been taken as the maximum tolerable for water supply.



The 1974 knowledge of Laguna de Beay ‘ecology -was far from complete and
nmmlpgical phenomena are not igentical from one year to the next, Fore-
‘casts, based on a single year of: Fystematic analysis, are only & preliminary
approach and the corres ponding: grogramme: of .potlution. control will have to be
periodically revised according to.the progress of our knowledge of Laguna de .
Bay acalogy In addition, due to strict limitations of time, only a brief study -
could be made of the works needed for ‘polution contiol,- Howev'er, the pol-
lution control programme moposed seemed realistic enough to provide a
resonable demonstration of the ecomic justification of the contwl and of
i tinqmial feasibility through a syssmm of levj.es.

‘To aitain the objecuve of mamtainmg the ponution, niainly by n:ltrogen, at
its 1973 Jevel, that is 5,000 tons Ay, of nitrogen, the (proposed programme in-

 cluded the following works and mea&ure. the effect of whlch is shown in
slide 5: _

o (1) Prevenﬂon ofl pollution from t.he Pasig River ‘by the consn'uctmn as soon
' aﬁ passxble of the Hydrauuc Gantvel Stme&&em the Napdndan river.

- (2) "'leestock Pollutlon ~ It 15 pract:lcally im possible to couact the pollutlon
from back yard rearing of livestock, -Refuse from industrial farms can be
o collected and disposed of by sanitary land fill for instance. Imposition -
. of a levy 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 or Ry for the disposal by others, A permit system must -be im-
posed to avoid the' creation of’ iarge Hvestock farms near the shores cf
the lake and a‘long 1t° tributaries. -

" (3) Industrial pollution Most of the industries in the Laguna de Bay water—
" shed are &ither along the northern part of the lake's west shore, or just

. .east.of the Marikina River. The cheapest and safest way td:protect the ...

“lake 18 to. build two interceptors collecting the industrial wastes and by-

. .passing fhem to'Madila Bay for:the:first area-and to the Marlkina and
Pasig Rivers for the second ons,: Treatment-plants are not yet mandatory.
Io any.case, nuirients are not itkely to be a réal nuidance in Manila Bay.
¢ . for a-long time to come and. ¢lassical’ treatment plants would ‘be be suffi-

clent.. In additi.on the location of mlluting industries: outside of the areas

";.;.,_".mentioued previousiy, w;il.l be stopped by a system of permits comple=
- mented by high levies on the n&ﬁogen, BOD and sedﬂnent ecntent of the :
wastea, ' . _ _

(4) ) ."me exisung rules concemlw mﬂuuon by pesticfdes, heavy metals, .
: hydrocarbons ‘- and other toxic substances w:m be made more’ atringent,
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and strictly enf,orced-.‘ sl e

(5) Municipal pollution = &; mnmlnary study base(i on surveys of three
; towns established the cost of a minimam system of intercepthh and .
. treatment. The system studied dncluded a minimum network of inter=
. ceptors for collection trestment by lagooning, and the use of treated
.effluents for {rrigation.. The objective was to serve’ 1,000,000 inhabit-
. ants by the year. 2000, - Immediate reservatton of the necessary 1and was
-recommended. B R E I ‘

{6) Pertilizer pollution - It daes mt seem advisable n‘ra perlod of food
shortage to limit the use of ferttlizers. In additidn, it would 'be one ‘of
the costlier methods’ of reducing the quanﬂty of nitrogen reachinq the
lake. However; farmers must be madée consclous of the cost of the 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 and maintenance 1ncluded, up to
year 2000 has been estimated at 360,000,000 pesos (1978 prices), the great-
er part, -270,000,000 being necessary to provide municipal sewerage systems
that would in any case become necessary .’m the future for pubuc health rea
.reasons. S Lo _ R , ,

The economic study based O beneﬁts from f!shery and water supply shows
an internal rate of return. higher than 30% justifying the pollution control pro-
. gramme which in addition wi.u improve the health conditions of 1 200,000

‘ mhahltan.ts. : ‘ _

— —

I will now present some W on the 1nstitutional as pects to show
the diversity of the methods used in various countries.

'.Water management hnpues a multidiscipune analysts- economic, social and
. political aspects must be taken into account as well as ¢ngineéring as pects.

" Priorities must be establshed,.  Interaction of water: projects ‘on each other

and their long life usually implies a basin wide a pproach with lohg term plan-
‘ning . - Enforcing and financing the selected programme tequire legislative and
financial action. Such a broad approach usually covers the field of numerous
. Administrations but on a regional more than hational 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-

- 1zation depends on admin;lstratlve practice of the country.’ ‘
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L ‘_'_Aﬁifmmu;ate and define and even more difficult to administer.

15

The programme itself must of course be a p;xoved by the Governnuent to check
its compatibtlity with the general demloment objectives of the reqion. .

 For pouutlon control two basic a pmoaches may be mmidered either separate~

.ly -or concurrently: legal enforcement-of water quamy standards fmancial in-

~5 ducements to reduoe pollution’ by the tmﬁosmon of levies on water users and

ponuters. _

Water qual.tty standards can be hnposed on receiving water; they are based

- on-the present end future uses of tfe ‘Water, “Their main advantage is that
- they take fnto account the dilution and assimilative capacity of the. rece:lving

body of water and consequently lead-to savings in costs of treatment works
for pollution abatement. On the other hand,. such standards are difﬂcult to

__'_Standards on the -quality of effluehts have the advantages of simp, clty and
. ‘gase of administration, Their primary disagwantage les in thefr possible un-

economical use’ o_f the assknilative ca pacity of reaeivmg waters.

SR S BT L GRS - '
’Lev‘les ‘based on’ pollui'ant quanuthaa or concenu'auons are. used m several

counmes to-ensire 2 fair contribuubn by mduatries. mun.lcipalities and

. othersy: dn the .cost of . the municipal séwerage system they utﬂtZe, Lavies

have been used aystematwal{y in France since 1964 to fight water pollution.
The rationale is the followmgg 'me river administration estabnshes Jong=--:. o~

- term .ohfectives, based on praper gtudics ‘and thé schedules where way be

attained, The corresponiding yearly cost of the pollution contro} progtamme

s dexammesd v, The administration then imposes annual levies baaed en
" water cansumption and ‘the quantity of pollutants discharged to coverthe
o yasrly cost of the peuution eontml proqramme. Tlius Mabitants. lndustries,

‘and communitiés of a basin are made directly aware that obtaining of main-

taifiing the water regource in quantity and quality is teir collective respon- .
sibility. They participate in the financing and through their representatives
in the evolution of the pollution control programme, -

\ The levy system is flexible. anh reduction of the quantity of pollutant is
- ahcouraged by an augomatic reducm of the levy and there is a permanent

incentive to reduce pollution step by step. Industries are not obliged to

" spend immediately the full cost of treatment: to a certain extent they can pro-

gramme the schedule by which they will reduce thédr pollution. If necessary
the schedule can be speeded up by an increase in the levies. The levies
strongly induce polluters to. a pply pollution control measures that are cheaper

- than the cost of levies and thus treatment automatically begins by the most
‘efficient steps, which is {n the overau interest of the community,

The levy system, by providing the necessary financing, allows the adminis~
lzauon to put the maximum effort where it is mogt needed and to start with the
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most efficient or sociol.ogically useful wm‘ks, m::llming regional sewerage
systems and treatment plants. -

* However, polsonous substances pose-a different pmble.m. Poisonous sub-

‘stances usually have a weu-lpealised originand it is cheaper to treat them
at the source before they are diluted. Accordingly, it was recommended that
- a standard be 1mposed on efflients for these substances.,

" The introduction of a- pemit syst—em was. algq mcommended to facmtate the
1dent1ﬁcation and conml of. polluters. : S Lpd

‘Ihope that this brief expose of the. Laguna de Bay: mblems c.xlearly shqws
“‘the’ complexity of the task age the impracticakbility, or large corresponding

;- financlal losges of ‘applying iversal water quality standards without: proper
study, Each water quality programme must be desgned accerding to the part~

icular needs of the water body: and continuously improved according. to the

- progress of our knowledge,, and the aim of reaching perfectly clean water

. standards everywhere is: almost certain,ly out of the- financial reach of even

'.f.,‘_‘.the richest network. P s

ie 2 L T -
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QUALI’I'! WAma Poa ma MAssEa

by P. Séundagara jan; Nationai Resaamh Deyeiugmant C:orporation, New
Delhi, India : F i

L™

When nature designed the planqt earth, and ﬁﬂed two-thirds of it with water,
it had some definite intentions. So much water was required to keep the

rest oi the ‘earth’ ah‘-conditionqd, leat the living beings in 1t would petish

. under the fury of the sun, , Also, such a huge water storage was required to

.. provide drmkmq water using the hature's distillation apperatur -~ the sun.
'mat all the water contained in the:oceans and seas are salty was also in-

.., tentionally done. Firstly,.df provides. the ideal environment- for the millions -

©: . .of underwater life to lve (it is-known that pertshable things are preserved
i ;_.,m.;sam and. surely such a, salty teservoir is required, bo ‘receive the excreta
.. .. from the land (both human ard industrial), If the ocean and sea waters had

g ,bee PUrS,. dd,sposal of wastes and ef.ﬂuents would hage been a pmbiém. o

-..-..-_.-;..-_‘.Thus, ocean and sea waaa:em qu not suitable for human requlrefnents, e
SR depenﬁls mych upon other eourcaq»m its. water needs -~ rivers, lakes; tanks,
S Po qu,ahd ;

3 _Waie;j,
- treatmen; - Water treatment is rather: expensm and the municipal water
sugply whtch s treated is.only within the reach of the relatively~rich urban

: 1 _-__mnd WaLer, ; axcept, pwhapp, for- undemmnd B
mt of the other sources. of water ate not safe for drinking- without

population, mens of -the rural population, particularly in the developing
countries, are consuming water without any treatment, thus exposim them-

* selves to the hazards of water-borne diseases. . A WHOsurvey indicates that

about. 30% of urban population and 88%: of the rural population do not, even
today , have acoess to.safe drinking water.: Even municipal water supply
sometimes needs some kitid of trﬁntment. uke ﬂltermg, bomnq, e’cc. ) be-
foré they. are used, : et S

o ’rhisw thereim'e, conﬂrmS the-point, that urqent action is caued for to devise
" gystems whereby-the poor urbaxn
‘raw water available to them for ¥a

Jatiop nvum in villages could make the -
drinking. - The design should be such
that.it ddes not interfere much withdhelr existing traditions and practices,
Also, it should be cheap and. easthr adaptable; wuhin the frameiwerk ot existw k
ing habits and pracuces of me.people

An anabsis of the problem reueals that the: mbahle system for water treat-
ment should take care of two things' -

(1) Removal ef sus pended mNrmes, and
(2) Bacterial disinfection ,

3

i



If these can be achieved by the application of: smﬂ& and fnexpensive tech-
niques, the rural poor would feel grateful to the scientl&ts and technologists
of the world, : : .

Techniques do exist for'ﬁltrétion and dismfection; For e'xample,?-thfe Bi!‘fke--
field uaing 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 15 used mainiy in hospitais, pubuc: buﬂdi.ngis, schools
. and colleges mostly in developed countries, and to & certain éxtent, in the .
develaping countries. ‘The same technidue has been made, ahea per by @ pro-

cess developed by the Regional Research Iaboratory, Iarhat, Assam‘ and the

. temperature for a spedlfic tine.” “Buffrcoloured dandiss (Shown | in Tigi
'i_obwmed ‘after. stqw cqplmq‘. T};esagcandlegs cEn r&wﬁé
 potsas shewn.n Fig.:Z.and couldibe psed for il

EAK

£ 1. *(710 10) 4. (wﬁo 2)

‘water. A small'unit capable of producing 50 to

m | Some bacterial Tests of @andm made in the mmratotv' L

Central Glass & Ceramic Reseamh Institute, Calcutta, India.

#?‘

: Ix! this proces,s, suitab&e grade of cIay, a bmder clay and l:m«:‘;teﬂaf "mhibltor, ‘

are. wellqround separately and pasged’ thtough a‘sieve to obtam the tequired

particle size. - Apjropriate quantities 'of these substances are then" b!ended

with an aqueous solution of pore size modifier-to obtain a slarry of a defi~
nite. qons;stency. Candles are then prepared using this ‘slurry in‘speciqlhr
designed moulds, dried ovemight. and baked in a furhace at confrolled. ...

“Eidd ined eagﬁm,
Ao shéﬂ Jmp~
ritles; and'to & certath estent, for the removal’ pfbécteﬂa ‘priseht 1 the raw
$60 candles per day could
«~heset up in- a,qentralalm;tion in.a villege or.a qmup of viuages . fi‘he m-
vestment would be about. U.8. 33006, - The eqalmmnts requhﬁde*e a dmaﬁ
‘ball mill, aluminum. moulds, mbing drums, sieve, wetghinq machine, buck-

‘ets, etc. The down.draught kiln required.for baking the dry: candlas can be’
easily constructed. Tahle-1 below gives some of the salient features. of the
. .candles which are made wsing the.RRL (Jorhat) technique. - ‘This kilow how has

been sucgessfully exploited by a number of. enn'emneuw in India. Oné
nandle would cost abcut 50 to &0 cents. oy e 3 e,

Tﬁble 1. ._ -? 218 - ¢
(H Weiaht

@) Dimenston .- C '7* longg* e, q PR
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*(X.Y) X = Raw water bacterial counts-per m1 e e,
y = Piltered water mrough candle b&cterial coum:; per ml

"ﬂae raaults indicate reduction m bacterial oounts.

The candles made by the procass can be ﬂtted in earthen, brass, or porce- '
lain vessels as shown m ﬂgure 2.

For d.tstnfecuon of r.he water ﬂltered as above, chlorine in the form of tab~
lets or ampoules could be used. Inexpensive technigques have been deve-
loped at the National Environmental Engineering Research Institute, Nagpur,
India, Details of raw materials, equipment, and capital investment are
given below:

| Chlorne Tablets ampoules

Suggested plant 100 bottles of 10 - 5000 ampoules of
size/day of 8 hrs. - tables each different capacities
A T . (2ml-25ml)
Raw materials - . Common salt, Bleaching powder,
sodium carbonate, sodium carbonate
- stable ‘bleaching boric actid and’
- powder, chalk o distilled water.
powder. '
Equipment - Dry mixer, tablet- Mixer, polythene
=  ing machine, containers, auto-
bottling & labelling matic ampoule fit~
machine. ting & sealing machine,
Approximate U.5. $§5000 : U.S. $4000
investment on
equipments

Apmo:wnate cost of producucm- US $10/100 bottles of 10 tablets each,

The suggestiom therefore, is tha\t_,_small entrepreneurs could be encouraged
‘to produce water filter candles and sell them to 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. Simultaheously, a
systematic and effective campaighing 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
aumorities could be the 1mplementing agencies of this new concept.



The above processes have been very. successfully adﬂpted on a commercial
scale in India. The National Research Development Corporation of India,
~which has the lcensing rights for the.sale of the technologies, wmd be
pleasdd to offer the technologies to other developing countries R
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ADAPTATION OF WBSTERN TECHNOLOGES IN DEVELOPING COUNTRIES

by Dr. .A. Osenga, P.V. Pacif.ic Pte. Ltd., Slngapm'e

The need af man for a reuahle smm of water needs no explanation anymorea
leerywhere in this world, water ts a pracious, though indispensable qobd.

As a maull; of mcreaainq human. aewmy. many sources become gradually unfit
-;for censumption or industrial use. -This rocess has been observed for a
number of years already in the ‘westemn world; at present, also the developmg
counmes are. discwarmg zhe m eﬁwts of water shortage and water pollution.

The western u'ained engmeer has hean able to acquire knowledqe ot the latest
techwologm during his education and professional career. Implementing hisi”

way of thinking and. problem soilving in developing countries will in many cases
lead to disappointment. . =

Bomer of the major problems the enqineer may amnunter in develop;ng count-
ries arves. . : .

- - the chemicals that: aramost suuable i.n his design. are either of a. diffe=
- rent; often lower qualmr. or are nol: ommahle ona reqular acheme. T
- :hi'as hmg as the equinmenz 1s new, the piant wm run fine. However. pro- |
" blen may aviserwhen spacial tools or méaswmmmtsm'mduked
for. pbantmadsustmant and mmbananee. S S

- theways efcemmunmuonmmm werm spare parts intbe .
. western werld can ke a ‘matter ofhicurs only. "I developing countries o

. . ordering may take a vwmmm eupwiauy when the wnbds have bo"‘

be_iupmd .

.ok G0N irmiport relo: h'i the Mant daﬂvn. Pactors.f:_ S
. thatare of no immgc.e in NM% ehmam uan be extmmely im porte,
-:apt.in most of woploal countriess: o :

-  inmany. developing countries, water and waste ‘water treatment are new
disciplines., Proper university training is san new and a highlg skﬂled_ '
_, suppomnq c adre 18 in a. develapmg staqae, : '

- %mm and waﬂte wam;' u’eatmen:faaka for investment, which also can be_

3
i
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’ appued for buﬂdmg up ’the nation's Mdusuy. ‘

t£

. Irrespective of the pmb&ems he may encounter, the westem trained enqineer,

" working in developing countries had the moral obligation to design treatment

systems that are most suitable for those countries. He has to deslg‘mhis
_installations in such a way, that the best attainable peffoémance -1s ‘@iaranteed
" now and in the future, Never, he wul have the excuse that in developing
countries, the requirements of the gopulation: for safe’and relable drmking
and mdustrial waten are’ lower than in weatem coun‘triaes- o

What 1s a bad or in eﬂ:lc; T design Jn the west, canhot be and canrtot be made
apfropriate in the other countries, ‘Only the best possible desjn 18 just good
enough, anywhere, in the world, . Where local autiiortties have been lenient
up to now, their attitude wi,u c:hange as problems mm&‘ﬁ’& ‘8nd the popular
d&mand for a safe and heélthy envtmnment cannot be suppmssed.

el

L .f,,?l-';-" :

o I,-‘;;::"_Wh@"ﬁ’ﬂxe erimneer has the choice betWeen locaily manuiac tured or av&ﬂa" ble 1

] almost everywhere, o

products and imported goods, he should give local products priorlty. even
Wh&n he ha.s to mpdﬂy hm dealﬂm 3 “.'_‘-'_.’\:*,'. 7
i o

i, , For Lnstance, pi'eperly coatad, mud steel chemical tanks can be manufactured.

Polyester* or polympylm/bolyethylene tanks haw dﬂ:an w be ﬁnmmn:!

‘Ancther examples can. be Amported.self priming: pumpe Iﬁ—case a‘locally -
"-mnufactured non self ptimw Ramp is. awpﬂab&a, the »desm csaxi a!ways be
adjusted, so that such a pump. can, .be mcorporawed. 2 _

e Somatimes it is even posatble, that the enqineer promotes local mduaﬂon ot ‘
part of his squipment, . Alfhisugh. initially, this may mppesr ah expensids pro-
ure, it often will turn.out to be ‘profitable onthe longer term. Inport duties arid’
shipping cost can considerably intrease prices mﬁ impottad @m«:!s, espacmuy
- when local equivalents are’ avaﬂable.

V_ ~ When Mport of m&:er:lau mmt be Irevented, tlae ‘most sultahle type fa'to be
‘chosen.,
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Some of the requirements of imported goods are:

- thei: construction andway of operation has to be as simple, though
reliable as possible,

- maintenance is to be mintrnai, '

- " the équipment must wlthstancﬂhe pxevailing c:Limatic condltions, and -
retain their full efficiency and reliabiuty under those conditions during

__,’_f-h&i!‘ mﬂ. hie time. . LTS

- in case of failure it should be possxble either to have it repaired locauy,
- .=9F to replace : it immediately by. g spare unity - oo .

- - N f's;:ecial tools and readipstment equlpment, when absolutely necﬁssary :
for praper maintenance are to he. aup,pued with the equipment, . -

PH controllers, for instance, are mostly to be hnpotted. Modern technologies
.offer guch items as virtually maintenance free gel filled combined electrodes
of h.tgh 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 KCI solution filled, el&ctrodes;

_ Automatiq free chlorine analysers are ava uable ln the form of colorimetric
ana,lygers or as. electronic galvanometnc direcﬁ: measuring units the latter is
highly preferable, though more expensive, as it does not require a daily makep
up 6f imported analysis chemicals, In the long run the more expensive ana~-
lyser will prove to be cheaper and. more reliﬂble to operate. T

Chemiaal q.asmg systems. in maderate 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 thesae materials
frequently give difficulties due tp ultra wiclet radiation instability, high temp~

erature creep or accelerated ageing, For long ‘term, maintenance free stain-
less stee}. and sta bmsed nylon are ;:referable. :

'-;Soud staw pmceas controllers w."am;;s " hwq mn devzeloped ﬁar many iadust-
rial. amﬂﬂnﬁa - :

At present, these process Gontrollars have reached an outsmndmg reliabiuty
- 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 stability, Maintenance has-been minimised; a. defecuve
unit is just. replaced by a complew mprogmmmed unit, b T

Paul,t deuectmn, if economically jeasible, is.done by the manmmw and not
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It is not always necessary to !mpert complete systems, because par-t. of the

' components of that sys tems are net loca,u,y avaﬂable.

_ ,Switch and corfrol panels. for mn«unoe. can be built locally, _with the same
or sometimes better characteristics as the fcreiqn aruc:le. o -

Most countrles equally offer sn:fﬂcient facilities for’ mat:hinmg of imponed

-semi products or assembly of e,g. pumps, valves etc. A proper planning and

organieauon of the assembly and installation works safe guards propet quau-

 ty; its extrée- importance cannot be ignored, - | .

It goes without Saying that the overan desugn ‘of the plant should ‘be such that

| ~ the ingtallation works can almost completely be done by the local labour force.

Only when necessary, the plant’ designer should give techhical assistance
dnd coowdlnation. Naturally, the local activities are assiSted and supported

e _j-by cornprehensive instructions-and Installation manuals,

T, Whet,e a sm,ﬂed skill fa fequired, the engineer iﬁ ’fo reéonéider his deswn ’

_ .' m such a way tha-t slig*ht modiﬂcauons may render the high skm unnecessary.

o
R

. The total water treatment cost consists of both ca pitai and opemtion costs.

In the westem world. Where labour:eost maybe mueh mote expens ive tham in

g deireimping ccuntries. automauon is an almost universal fe&‘&me ef tneatment

~- plants,

In many developing countries sufficient, 16w cost labour 13 avauable ior those :

_ mm opératlons, which da ﬁet need automation.

Such unit operations are for mstance the cl-:emical preparation, chem 1cal do-‘
sing‘adjiistment (when the raw water. quauty changes just gradually), filter

"back washing and. sludge dewaterifxg‘. B

-A wida range of waste can be treateﬁ directly ina: biologtc lereatment unlt, or
‘ﬁrst cost efﬁciently be’ pretreated physieo-chemicaliy. :

'Sueh a waste water is for instanee t:he efﬂuent fmm an alkanne edible oil re-- .



e :J

'-25_ |

' ﬁnery and ‘soap'stock splitting plant,

O R PSR

Some characterlstics of this efﬂuent are:

RS- ..z......-.‘ B e e S

AR 'COD"'_.‘,.-* PR S :,":’18’,000 -- -l&-,-OOO ppm

<R Bop - '"_3 ooo ~ 17,500 ppm
CTEM = uptes 000 © - ppm
B pH- e e ;.,__105 -3 ppm

' A direct biologic treatment of t}}is effluent is almost im possible, - regarding the
low pH. Minimally a neutralisatlon is tequired. _

A complete physico-chemical ;rattaahnem wﬂl reduue the BOD and COD by
approx’ 75-80%; thus' reducmg the pawer requirement of the subsequent bio-'

) 10310 weatment.

_ An average of somg S$0,25/m3 exﬁra chemical costs more: l:han balances the
8$0,65°~$0,78/m" to be: ,s.pent on, extra electrical power, when the efﬂuent

s tredted bk}ngically Oﬂly. i ':2',_ S S T b L
'Even more important becomes the proper system cf n'eatrnent when aH under
capacity of electrical power ‘supply is. observed, then the system with the
lowest-enargy. consunmption is meﬁmed o ! B

In general it can bhe 3tated that where possible cost saving western techno-
logies have to be applied : . i N £

R -~ S

i e In mc}st caunmes wil alum and: k;l.me be locauy manufactured. Only occasio=

"l'most e:idluaively impocmd.

e When mmg these chemicals, their phy stcal and c:hemicai stability shﬁ«uld f)e
" congidered: carefully, together with their safety in handling, trans portation
., and.storage, Espetially: in remote areas, the chemicals have to bé stored
long time and it is then useless to use-instable or highly hygroscoptc materials.
Stable chemicals are to be prefered in those sibuatlon. L



Physico~chemical treatment of heairily polluted industrial effluents often re-
quires the appucauon of polyeleotrolitic flocculant aids. “These chemicals

need special attention, as'due to their hygroscopic namre. they tend to ab-
sorb water and thus deteriorate rapidly.

In dosing solution, their stability is ef;en not more than 12-'24 hours; the
higher the ambient temperamre, the shorter their time of stabuity.

. A proper chemical make Up and dosinq system has been designed acoording to

' mwadatao’ LI

E 'I;“'- .

Polyelectrolites in dﬂnk"ing water production are hardly accaptable and a pro-
parly designed mtauation doas rm need themu i S

By & correct chem ical doaing adjustment and mcorparatwn c:ﬁ a ﬂoccu}atcr
that has been designed and calculaﬁed according to the process requirements

-5 ﬂoc w:th a hiqh aetuirg velocity and su'ength is fmnad under au condittons.

That a number of drinking watex production plants need wi?elactro.lites is &
result of an opumistic mterpretatlon of design dana !or the ‘same type of plants ‘
in.moderate climateﬂ. _ . : S .

) Bven in western countrbes only a very umitad range oﬁ synmettc omanw fioc-

culant aids are accepted by the authorities.

- ]

Water and waste water treatment plants often incur Mogh anestmam wsw '
which -only can be justified when the installation performance meets the spec=
ifications during its full 1if e time ait minimised opemt.’mq Wsts. :

Designs which are outdated or unacceptable in the west, have equally no -
more place in developig, podrrics. Pt the prosontrate of i
affeds jethe momentat which ther adapted high te&mw’mmmmt becomes
most epdnomical will be reabi"'ed much-socher thanthe instabiation’ls depre~
mmzm mﬂLonhr mean 3 rapid loss of peecious money

Equnny the adapted high technology units are designed te operate at min‘lmised

. energy and chemical consumptian, extremely 1m porbamf :Eeamms for developlng

counmes 'Y
\

Naturally, renovations of existing plants are always feasible, but only useful

it.of these. o
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when the core of the installetion has been properly desicrned according to
latest technologies.,

The relatively high water. temperature in tropical areas has a distinct inﬂueme
_‘on the design of both the water and ef.ﬂuent treatment plant, RV
The hiqher water temperatures h'xcrease the s p“eed of many dhemical and pﬁy-*
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 inGorporation of more equipment or by using more ehemwals dees
not hide the fact that the basic design 1s not an optimium ones .
Frequently, it is found that the aeration ca pacity of aeroblc tSioIogic treat'-'
_plants in tropical areas has been over eswnated. o

Whereas m moderate cnmates oxygenation ca pacmes of aeration devices are )
stated to be in the range of 1.8 - 2,2 kg OZ/kWh, in tropjcal areas, these
ﬂgurea have to be teduced, constdera bly.

At a water temperature of 30°C the oxygen sattu'ated value of clean water is
approx 7¢% ppm; at 102.it is.10,0 ppm.- This means that the driving force,
being the difference between oxygen saturation value and actual value is
de¢reased eQually. e - : .

On thhe other hand. the biochemical Teactions taking place in the waste water
are acceleigtsd by the high tem peratmes* normany the reacuon speed doubles
at each IO‘PC tempemture rise. , .

Summarised 1t has to be ooncluded thet in tropical areas, the oxygenattoﬂ
capacity of aeration devices has to be reduced from 1,8 = 2.2 kg/0y/kWh to
', not more than 1.3 - 1.5'05/kWh, while the 0.C,/load factor should be not _
less than 1.2 ~ 1.4 kg oszg BOD instead of 1.0 - L.1 kg Op/kg aee.

Only then; & well belane_ed bio._lpgiq“ system is*ﬁbtaiined.

TRAINING & SERVICES

Operators training on new inswlle_tions are an important f.acte_::‘;tt the scope of

o e
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the ptdject.

Once the installation has been started yp and adjusted a period of iamﬂiar-» ‘
isation of the operators with the plant will commence, To have full benefit of
" “'the new technologies, the project is to be com pleted by & thorough mtroduct-
ion in word and print to’ the operating authorities. A

‘rhis'inu-oduction; both theoretica‘uy and practic:auy, virill greaﬂy énhsnce the
smooth running of the plant and will prevent unnecasnery damaqes or malad-
justments. \

The designer has to discuss in the design stage already what after sale setvt-
tes are required. fer the project. \

Initdally, a regular check on the Qperation wm be required. together with an
occasional retraining or re~instruction of.the-oporetars, . - .

Equany, already in the design stage, the arrangement pf spare parts storage '
is to be discussed. L . . -~ -

A suppiybifspm‘e: parts f&?é | geriod of 2 y_eéi‘é.'mli'mv& ﬁuiial needs,. -

After that period, an arrangement between supplier and client for um parts .
supplies will safe guard the. pmper operation of the- plant. -

A careful design of the plant will in many cases restrict the numhe: Qi spare
parts to a minimum. Incorporation of vuluerable ‘equipment: qr“eqamnent that
is not suitable for the prevaumg climatic condition are to be prevented opti-

mnuy .

No arguments are found to. a&aume that developing aountries are helped, when

they are offered water or effluent trestment installations that are outdated or -
axunaaceptable in the western world,

However, it is notalways possible to use the same designs in developing" _
countries, due to different qualitiss of chemicals, availabmty of chemwals.
energy supply situations and climatic conditions. T

.It' 1a°the t:hau'enge to the westem tramed .engineer to‘ daahjn h_is system in such
‘a way that he combine the newest knowledge and local conditions, to an opti-
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" mally satisiactcw design. . x

" A mﬁerﬁmuon, Operators traﬁxmg and after sales serv1<:e will further

: m best: poasible performance of the plant': e

Dr.' Rahman: I am not m the consulung business but 1t comes as a surprise
to me that certain equipment is ‘u_t__ﬂ_ized without regard to local
conditions . Shouldn't they take ¢limate into consideration,

__ ,for mstance, rather ﬂxan get mto trc;uble? '

- Dubsema: | :Of. course Muipment suppued to' these areas, such as

switching equipmens are utﬂized but the performance of
~ guch units {s & coxnpletely différent story. It.is sad but'you
... . :have to adfilt thers aré too many failures of treatment plants
siiss 7 in the'Far Eagt to say that the‘i’r knaw what the climate

“ =" ' condition is. .
,Q-f,er. Rossi: I think you are bo:h t‘jght. Pmblems do exist and camot be

P e shnply Jgnoredb

o8 - .Thus treatment p,lanis are- m many cases disigned overseas.
R ‘1 have discussed with Dr. Grombach and studies are extceme-
.. ly.expansive. They take a long time to acquire data. Once

: ~_ﬂaeta ia data,: there is aga:ln the ;xoblem of a pplication,

Dr, Komolrit: = I would like tammt out one-of- t.he pmblems which we have
e ¥

e ‘in<he developing countries: the problem of keeping the system
e ‘operable after it has been installed. We have experience of
v some US firms. nstalling flotation Systems in Bangkok and
after sales, we face the problem of the system not working

A - properly . Many of our water systams must have waste control

treatment plants. We have more than 70% of these plants
which do not operate properly; many due to local incompetent
operators, but the main problem which should be kept in mind
is that of importing 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 mstan-
ation,

Dr, Osenga:  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

i
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‘and ih our phrlbsomy, after sale& shrvw‘e 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'bick to'us for assist-
ance. It is also the reason why we have 9 such regional
orgamzations all over the world to take care of the install- *

dtions and if any installations breaks down.say, in Egypt or

the US, we have our.own mganﬁation w take care oi it from

--.'a nearby ares.. _ P T RS

G m g

"I would just like to say one wd. mu not almys the fault

of the supplier or the equipment hut: it 18 also the question
of mainte’nance. In developing countries the people are, by -

‘ nature lazy, and it is the taskraf the manager to force péople

to'do good mamtainance where it is .possible.Of course it is
much easier to say the motor has: twoken down instead of taking

B a screwdrwer to find out. the problemi 8o really my friend from

Dr. Osenga: =

" ‘Bangkok, ‘you must agree it is also thetask of the developing
-countries to ask from the labourer zoa ﬁaa good job and do

good maintainance .

Tt 18 also part of the duty oi t.tw éeﬂgner of the plant to supply
. equipment which is as simple as possible. His nextstep is

. -to train the operator, which is nota one-week job. It'takes
. ‘weeks and mqmths* and after that, if he still makes mistakes,
- thenh it is no longer the responsibility of the supplier, He must
< -+ leurn "why' Such’ mistakes are made and w to solve thé problem -

for the fumre.
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WATER QUALITY- A CONSULTANT'S POINT OF VIEW
( To lead up to an open forum on water quality) ‘
By Robfe_n:tL. Wh:lte,‘ Presgldent, Engineering Science, USA

ETEY i Vg

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 domesuc supply,
industrial supply, agricultnre and recreation. v _ .

I mast countries there is-a direct relationship between the quanty of drmking
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 Muatﬁes have wmely varymg qual:lty requit‘ements. . : P

: Raucmal development of water resmrr'es should be based on provid&ng water
quality adequate to meet the minimum needs of the water uses being constdered
and on avoiding the' unnecesaxy costs of prov:lding water quauty greater than
needed.

OPEN'FORUM "
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ol need to conserve‘-‘i

- =82 B

WATER QUALITY MAI\IAGEMBNT ™ MALA.YSIA e
) : s r. :
by Prof. (Dr ) Ariﬁm Suhaimi, Déan, Paaurty of. Science and anu‘onmental '
8tudies, Umversxty Perban;.an Malayma Serdang, Selangor. Malaysia

Y

Rasource by itself is not a problem- ﬂ; may not cause ponution. But poor use
' of resource is & problem, ulnmately pouutma otbp;e reaources which form the
' bagic need for all living things. ‘In this case the basic resource is water, -
which men have taken for granted as being plemuul for. thousand : .years, until
" today when we suddenly reaiise tha!: ﬂza‘re is a l.imit tQ this resouroe and the ,

Pollutéd 'water a&n stm support some. £oxm of lﬁq, and may even suppow:t a

' . stable ecosystem, but it will not be fit for hunian utilization water quality. .
‘management i&, therefore, not a mere ecolagtqal management; it requires. mch-
-nology, Legislations and a national policy , to, c‘ontroL and: regulate the many
wmuczmg demands upon this. basic resource, and unon whzch our’ mudern .
civmzatign has- put a heavy stress ‘ :

Malaysia has no national water resource pohcy. Like land, water is a state
matter, with no Pederal area of 3urisdi.ctton., ‘All the state within the FPederation
have almost a complete control in the way they devemp their water policies
and decide priorities. Nevertheless, there are a number of Federal agencies
cooperating to manage water resourves within the states, There are, at the .
moment, about twelve government departments, whose activities are related
to water, with varying regponsibilities and overlapping legiglations, Under
these conditions it is legally difficult to directly impose 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 o paper. In practice there have been
delays and errors of 1mplementations, generauy for reasons of poor coordina-
tions. S .

" 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 precessing indust- . . .

_ry be established upstream, and the natural absorbing capacity of the river -
Wcmld allow time for recovory of BOD load to be of no 1mpact to a water intake

PRSI
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higher than untreated sewage (see Teble 1), with the expected increase of

~ palm oil:mills from the present 430.to about double this figure in 1985 ‘(each
new. mill with increased capacity to 30-40 FFB), the combined total of BOD
load discharge into our streams will probably bear no improvement to our water
Quauty under the existing Regulations; though it may be argued that the situa~
tion can be WO!'.at, if without- these Regulations, _' ;
With regards to efﬂuents .'Erom ruhber factoriés, the prospect, of &n early
solunon 1s hetter than palm:oils The BOD load from rubber is generally much
bwer, q;;}d the recommended quality standards. of rubber waste discharge under .
- the Regulation is correspondingly lower than-those for palm il (see Table II

& III). However, it must be pointed out that these effluent limitation stand-

- ardg axe atx,u very high when compared to-the maximum permissible level of
BOD for aquatic life. Hehce,; ‘we cannot really :say that Malaysia will have a
fairly good water quality after the. present - ‘Regulations have become effective.

- »Au that we can eay perhaps is thar situatioﬂ wm impmve or wﬂl not get worst,

g
w% i

Pressumg;aon ;;he mmseries--(paim oil and x:ubber) to reduce thair discharge
is heavy, +Palm oil and rubber mills come under the: Prescribed’ Premtaes Regu-.
lations 1977, where a mill must apply for a licence to operate, and mifls must
- pay a separate fee to discharge. For palm oil the feées are $’109/— per metric
~ton oi BOD Joad. above a permissibié Ii.m it, and applicable throuqhout the four
gene;auon of standards as, scheduied. - .

‘.‘n o

", In the fu:st year of enfﬂrcement of Regulations, mius were permitted to dis—
~pese of theireffluent on land and fees were charged at the rate of $§50/- per
1000 metric tons of effluent disposed on land.: Tt'has been reported (Mahes-
.waran: 1979) that the Govemnment collected a tosal of M$2,500,000/<by way

. of fees during the ﬁrst year e:f ;mplamentation of ahe palm oil Regul‘ation.
Similar procedure of iees is enfarced on rubber but as a treatment technology

R becoming available to meet the: &tandards, only licence fees will be charged

.Aand. will become mandauory for rubber mius to conform to. the stahdards a pplt—
cable at the respective dates. \ L
With theﬁe high pollutzon fee, as wan as the: granting of incentives by way of
waiver of fees for research-on effleunt treatment technology, have forced the-
industries to take actions.. -The impression one gets by listening to what the
Aindustries have. to say in public: lavthat of optimism} the standards as set in the
Regulations. will be met within the-target period. However, when one listens

. to the i,ndustnes in officeial circumstances there seem to be problems d&nd
difﬁculties _Privately it is known that the palm oil industry is working hard
to find an eprly solution, It has been reported (DOE, personal communication)
- that Dusun Durian Palm Oil mill in the State of Selangor, belcnging to Harrison

. and Crosfie Ltd, . has even achiaved a BOD discharged of 100 ppm. f.rom a

|
{
!
]
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‘mill ‘capacity of 40 FFB, The treatment technology used by this mill is an im~
provement of the basic principle of anaerobic digestion followed by a series
of aerobic stabilization ponds. 1t may be a reamnmeﬂded practiae whem
much land is available, B

‘The prospect of a solution to the -poliuticm prohlemrfmm rubber mills seem to
be encoutaging. Research to find this solution has been actively carried out
-by the Research Institute Malaysia RRIM). By follswing good House Keeping
. Rules as prescribed by the DOE,. pollution loads from rubber factories can be

rednced to about half, and indications are that the industrsy may be able to
bring down the BOD load to about 50 ppm by using appropriate treatment tech-
nologies within the schedule period as stipulated by the leatmn. Since
the rubber industry is responsible for about 20% of our total pollution’ load,
this reduction in BOD will be a significant contributmn mwards a qradual
unmvement of our water quality.

In indusmes, other than palm on and mbber. tachnblogwu for com-ol of
discharge is fairly knowni Hence, these are not included in the Prescribed
Premises Regulations 1977 Plants established within the nonpréscribed
premises category will need to comply to the recommended standard of dis~
charge as stipulated in the Environmental Quality {Sewage and Industrial
'Effluent) Regulation 1979 which came into force on st July 1977. ‘However,
if a plant is unable to meet this standard, the firm may apply for licence to
discharge with fees imposed at the rate of $100/~ pet-metric ton of BOD
discharged into inland waters within a catchuent area, and $100/%or $500/~
(depending on the toxicity of the substance) per kilogram of toxic chemical
'dischérged, . For any other inland:water the corresponding fees will be $§10%/=
per ton of BOD and $10/~ pr $50/~ for toxic chemicals, I this respect a new
control concept'is irfroducct Aom ly cxterwintas Ealond wetors into two stand-
- apds~ Standard A for catchment areas (in practice all areas above a water in~
. take point) and Standard B for areas outside a water catohment, where dls-
'Ghuge fees are lower, (see Tab.la IV). : - - |

Water-bome sewerage system have always been m @Nruuon in the big tawns
in Malaysia. However, until about the time when the Environmental Quallty
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 gerved with conservancy (or bucket) system while a
durther 9% (mainly in squatter areas) had no facilities (Maheswaran 1979)

During the Séoond Malaysia- Plan '(éMP‘lQ?'l-—lQ?S) the Government started a
drive for rural sanitation programme including safe water supply schemes.

L
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This was, carried forward in the '.l'him Malaysta Plan (TMP. 1976-1980). In
view of the problems faced ani seriences gained, the Government has re~

. vised ﬁ;a,_target to be achievedgp TMP so as to cover only 59% of the rural

oulation by ‘end of the Plan Pariod. In the meantime programnfés'id“!mprove
itary system in urban-areas, has been:in progress, In Kuala Lumpur the

"cbhﬁé’r"vancy system is being withdrwn and being replaced by flush totlets

connected to the cc;:mmunlty water~borne sewe:zage system. The City by~laws
now require private developers te eanstruct a &eatment plant with oxidation
ponds for 3 new housmg estatq.. .

"I'he system ‘can then be handed ovgr to the relevant authorities. Due to pro-
" blems and difficulties ‘the progress haa been slow in the. implementation of
'commnmw ‘water supply and sewage disposal system in Malsysia. Some of
the constraints have beén lack of trained personnel, poor interagency coordi~
'natlona, ;nsufﬂcient local productmxx of materials, and cumbersome financial
_ framework .- With  these shortcomings ‘the schemes may be extended into the "

Fourth’ Mvalaysia plan (1981~1985),. .

! 3..’

“The third cause of water pouution m Malays ia 1§ autation, which provides

about ‘18% of public complaints to the DOE. Siltation is due to a number of
activities, such as mining, land. deyelopment:s. wurban 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 com pliance,
Enforcements, however, have been very poor. In most of these, the Environ-

mental Quamy Act 1974 has no direct jurisdictions. A pmqramme for ‘affect- -
ive-control of: these source of’ polmx,;.pn requires @ multi—-objectw@ planning -

for !&eqiﬁ‘tmon and Enforcement, m nlace of separate agencies, eac:h look:lng

is slow, The‘tom plex inslatiﬁ?ggmmsrand the present madequate

-of the. fag;&era that do not ailow for: a

"’It is o be admitted that the pmgxm;;,in water-»quauw management in Malaysia , |

rapid development_ in environmerital centrol:measures. There have been priar- o

ities set in the national. programme for. water quality. management, while-

‘. _ : 24 through. the activities:of such-orgari~
1& Environp - PrC m-Society G&Malaysia, the Malsyan

Jat : ahaft};e : qus\; rs ' agsociations. Public redttion to -
pdt@t!ﬁﬁ “ﬁab‘&émﬁ;tend o erupt sibiery ot where egvironméntal s ituations’ haVe
bécome crztical. Such arupuoms have. heen prevented: from becoming big
political iasues by résponsible coeperations from all coficerned, Within our
Democratic 3ystem of Government, public awareness of environmental problems
can be a healthy force t0 promote ptogreas in water q uality managament. :

e

irhtxblﬂn::‘. pressure must grow, to exert mjluanoe for enwironmental-concern: through-»



"When the ankﬁnmental Quamy Acz:t 1974 was imroducvad. water q;:auw_ man-

agement was one area,. where the Act will exert requlstory control,. } ,mer,
the Act must. be introduced within an existing - system of ﬂ:ma-wner government-
Federal, State and I.oc;al kutﬁmiﬁem ‘Ht'has been’ clairned that the Environment-~
al Quality Act 1974, which is a Fadéral Act; ptovlﬁas broad' ‘powers for the
protection and enhencement of the quality of the aqwt‘m environment. But -
when an Act 15 evolved.within a limiting constitutional framewﬁrk, the powers
of the Act cannot be. «© ~vasive and comprehensive to cover all aspects of the
environmental dfm.exnrion,without. impinging on State tighta and the. responatbt-
litfes of Local Auth..ities. It is pertly for this reason’ mat *may not be eas

to mtroduce Federal regulations ‘under the Act to’ cantrol pollution &m non
point sources, such as.the a pplication of chemichls in agricultural practices
and the dumping of solid wastes in authorised ahd unautharised landsites.

The best that the DOE can do is to call fmcmperations and c:oordinanon of
efforts through committees to introduce .non-statutory c:ontrol measures in the
form of *Codesof Practices™, and hope for support- for, funds ¢ be made avail~ -
able for the improvement of various meatures for environmental mapagement;
and to consider environmental control as part of dev'eloment strategy, effect-: -

ing au the. way from the Pederai ta the I.ocal Autharity lgvel which is now

being . reatmctwed.

Thé»o;a;lcem for envimnmemal quanty that: hat led ta th.é i.ntroduction of the
Environmenal Qualtiy Act 1974 was mainly inspited by economic considerations,

Singe Malaysia is dependant for: more than 50% of her eoonomic qmwth on . '
renewable resources, enﬂrmmenﬂal degr: dation can Ireat d-
renewability of this resource, The main problém threatsﬁing the environment
at the time of the evolution of the Act was pollutian from industries, part-

icularly agro~based. Henoce, the $pirit of the Act is malnly responsive in

nature, leading to the. mnudgulation of regu J,.tions that ate mmc;tivé fin. .~
charactet to arrest ponutwn* at saurce. b e e -

The Act Ls weak in areas oi envimnmental management for resourca consewa-

_ tion, and was introduced without the backing of a comptehensive National -

Environmental Policy. This pélicy appears later in.the TMP (1976-1980), that
really provides the basis for anticipatory type.of enviromnantal mamgement in =
the form-of Environmental Impact?. ssessment Procedure (EIA), now being for-
mulated by the DOE. This EJA does not have: the sﬁeng v of a legtslatim and .

is proposéd to be introduced as an’ integral partof & plahhmg for.a: develoment L
project, private or public, and as’ part of a requxrement fora ppmval oi a. pro-
ject proposal, The procedure provides sufficient. ﬂexibﬂity to be in hurmany
with the countries need for economic develOpment as required by the policy as
stated inthe TMD (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 pmp_osals,
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than on the léck 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 diffefent categories of pollution sources in
formulating various Environmental Quﬁﬂ& 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

“‘were recommended for palm oil effluent;, scheduled to be achieved within four

years (see Table 1), and thfée gengration of standards for rawhatural tubbér
to be achieved within thres’ years (see Table 1), as incorporated in the res-
pective’: Regulationsi The palm oil Regulations came into force on 1lst July
1978.and’ the rubber Regulation came into-forée on 1st April 1979, As indica-~

" ted in Table I and Table I1 & 111, the limitation standards for disharge are

still far above the Maximum Permissible Limit for propagation of ﬁsh and
acquatic life, In fact it is still higher than that of untreated sewagea While

~ standards have been spectfied in tehs of BOD values; othér qualify criteria
. will still need to receive attentioii ft is quite; @hﬂous that the t¥ddeoffs are

very much in favour of the industries, as agam% the really acceptable water
quality standards that would be fitting for other. iaders, such as fisheries and
recreation, ‘I‘hae tradeoffs have been recommended in view of the mitigating
circumstances against the industries, ‘hegides giving time for the industries

to ‘find more lasting solutions. The approach has. been officiallly considered
justtﬁed for short term contingencies against the prevailing circumstances,

* The abeve amuments give reason to speculate that a teview will be needed to

examine the effectiveness of the various Regulations that have been introduced.

There will 8lso be a need to review the existing Environimental Quality Act
1974, and to find means of incorporating those aspects of environmental
management which now must fall undes Non-Statutory Control Procedures as
Codes of Practice and Procedurea, and to encompass the broader c:oncept of
Environmental Resource Mahagement into the Act.

Essential to water qualu;y managwﬁmj the D0£ has established d water qua-
lity monitoring.programme.. Two. m&ﬂwds have been adapted, One is by analy-
sis of water pollution complaints from the public,. and the second is by physi~

"eal and chemical analysis of samplas from. selecﬂ:ect water bodiesi In imple~

menting this monitoring programme, the river basin concept has been adapted
and a total of 65 river bagin control tegions 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¥y ‘Total number of river basins - = 13
b). Total number of rivers - -98 :
c). Total number of stations = 208 .
‘d), Area coverage - = 29 933 square miie&
e). ' Total number of samples taken =, 234 S
: in 1978 i - v ‘ D C _- D ,- ‘.“

1. CO\rered monitoring frequency ' _:) Once 8 month for 50% of the
- . _ . S :stations. The rest is covered
Qnce for every tWO mom:hs.

'JII

L.

ﬁ. : NiimBer'of,éiibf-érofessionals .engé‘getd:
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'I'he criteria for s_olection ot rivar basins fot tho monitoring programme ‘were as
" mdicaIEd belpw‘ b Ty l G ; L

-_o)_.. The: n;amber of formal pubi‘ic comhl .;i_:éfifeoéived ﬁ'om theriverhoaiﬁ.

b)'. The'”'numbor of;.,,__ b an_ palm oil mins in the river basin. .

N
(/ e

o) . The siting of an, industriai ostate Within the river basin

dys Major development for example iand ciearing. the cmation of new towns
. and resettlement being carried out within the river basin,

e). The river is of beneﬁcial use to the population, incluaing irrigation, |
fishing, and domestic-uses, '

Data havé shown poiiution pattem aiong oerwin rivers, as shown in Pig. I

for Keiang river, which 1s one of the worst poiluted in’ Malaysia. The pollu= -
tion- Ioad as shown will require more than the poWers oi ‘the present Regula- -
‘tions ‘to clean this river. When the river reccévers from its BOD load of about
8 mg/i. twenty miles downstream, the levelis still slightiy higher than the:
maxlrnum perm issible limit for pmpaaation of fish and aquatio life.

Analysis of oompiaints from the pubiic serves’as &, prima:y source of inform-
ation for planning the monitoring programme, and keeps a direct communication
open between .the Government and the peoples 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:

| .R?!@.Q#li o = 38y
' Rubber . - = 23%
Pig waste - 5%
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Industrial - 20%
... effluents . S
e Mining, Earth- - ‘18%:--;
Others - 1%
T Effluents coo=  56% :

(excluding. pig
wa ste)

Beseamh.qn pollution conu'ol ior water quahty m@nagement is anly a-recent’
activity in Malaysia. In the case oi problems from rubber wastes, Malaysia
has been fortunate to have an established Rubber Research Institute of Malay-
gia (RRIM) to carry out the -bulk of research activities for solving this pmblem.
Because of the fees to discHarge. being wery heavy, the palm.oil industry has
“beah ﬁan'ymg their own research effcrts. wi.th -BOmMEe. cormn plementory activities
vbeing carried out at the Malaysian Agriculturai Research and. Development *
_:,‘j\,;'_DI), at'universities and recently at-palm Oil Regearch Institute
'Malaésia; 'R IM) Al.most all @spet;ts of these woﬁms are bemg looked :
into, iﬂcluding'- - _— ERAEAa

1). Biologic:al treatment _ _ L
2). Chemical/mysical treatment o o
3). and disposal. . ' L :
4) ,_“;_-Uﬂlixeuon a - L
5)e '-Ih p nt processing technolugy

' Thé’ Minist:y of S¢ience, Techng : ‘nnd Envim;mént hag recentty designated
the Standa;'d and Industrial Research Institute Malaysia (SIRIM) as the Govern-
ment agency responsible o promote environmental research in Malaysia, but
' funds for this purpose are wary inadequate and regearch grants- to universities
are nogligible. An effectlve national research coordinating body is needed -
'through ‘whiich environmental research may be. presented for priority status for
funds o be estabushed for this purpose. In the absence of this coordinating
body reseamh f.unds will have to be. aoquired mdividuauy with ltttle aﬁective—
ness.' _ . N
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The training of personnel is also imperative in promoting water quality man-
agement, Most Local Universities give environmental related gourges, which
are available to students dding various academic programmes ina university.
A programme of studies leading specifically towards ap Environmental Science -
Degree is available in Universiti Pertanian Malysia, while a degree related to
Environmenta) Engineering is available in Universiti 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, while a national inservice
training programme for these officers is now belng organised at Universiti
Pertanian Malaysia w.tth 'the assistance of the WHO Regional Center for
Environmental Planmng and Applied Studies (PEPAS) o

Conclusion

We. believe that with the introduction of Envim:xmental Quality Act 1974 a
machinery to promote environmental control and managemant in Malaysia has
been established. With. this establishment we' can ‘hope to improve our

water quality management throughout the’ coun&y The process may be slow

~ and complex, ‘but this demonstrate ‘cautiousness so that efforts for enyiron-
.mqmal quality management and economic development dg.not negate each

othér, The experience may %o wyifuer 22 Ma! ‘*w‘a due o our peculiss consti~
tutional provisions within our Federsl system of Gaovernment, and. gocsal- A
politicel traditions. - Newertheless, we believe that our approach towards -
environmental maﬂagement is stable and will lead to saﬂsfactory solutlons.
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Parameter . Standard A Standard B Standard B ' Standard D
: 147,78 - 1,7,79  1,7.80 1.7.81
Biochemical Oxygen v , - '
Demand . 5,000 2,000 1,000 500
(BOD), 3-Day, 30°: mg/3 S
Chemical Oxygen Demand 10,000 4,000 2,000 1,600
(COD); mg/1 | R - : :
Total Solids; mg/1 . .°4,000 2,500 2,000 1,500
Suspended Solids; mg/1 . 1,200 800 600 - 400
Qil & Grease; mg/1 . 180 100 75 50
Ammoniacgl=Nitrogen; mg/l G 25 A8, e . 18 10
Organic—-ﬁiu*ogen, mg}’l FRO0 i lOQk.'f“”""""'" 75 50
APH . . 50-90 so-go 5,0 = 9.0 . 50--90
s Temperature. °C . e 45 .. A8 45 * 45
Table II.~ ree_Generation Sets of Eff] dards f
Parameters " 1st Generation ., 2nd generation 3rd generation
| standards effect- = standards effec-standards effec-
tive on 1,7,78 ' .. tiveon 1,7,79 tive on 1,7,80
pH NifB.0 = 8,0 i 6.0 = 8,0 6.0 - 8,0
BOD ppm (3 day | o -
at.300C) i 500 - 300 200
COD ppm - 1,000 . . 750 . - 500
Total:solids, - ' ‘ SR
ppm _ 1,000_, 1,000 1,000
Suspended s
solds ppm . o w0 i L2l 8900 250
“Total nitrogen ~ G - S
ppm - 100, 100 100
Ammoniacal 3 ; L B SR
' Nitrogenppm. - 80. 70 70



Table III -
Parameter . 1st generation 2nd generation 3rd generation
B standards effect~ standards effect~ standard effective
fveon 1,7.78 ive on 1,7,79 on1,7.80
pH . 69 | " 6-9. . 6~ 9
BOD ppm (3 day ‘
at 30°C) 450 _ 300 200
COD ppm ) 1,500 - . 1,000 . 500
Total solids, - | | | SR
ppm - 2,500 : 2,000 1,000
Suspended solids : 4 _ R P
ppm o 21,000 T mmiigee - 250
~ Total nitrogen ' ‘
ppm - .- 450 - 350 350
Ammoniecal . S .
Nitrogen | 30 300 300
Table IV -
S . A N Standard .
Parameter Unit A B B .
(1) . (2) (3) " (4) -
(i) Temperature , e 40 40
(i1) pH Value : - . 6.0~ 9.0 5.5 ~9,0
(ii1) BODSat 20°C mg/1 20 50
(iv) COoD mg/1 - 580 S w0 -
(v} Suspended = . .omg/l . - .- eUSD W# 100 .. ¢
(vt) Mercury mg/1 0,005 | 0,05
(vil) Cadmium . mg/1 0.01 . 0.02
(viit) Chromium, ST _ L
Hexavalent mg/1-" - 0,05 0,05
- {ix) Arsenic mg/1 : 0,05 0.10
®x Cynide . . mg/l -~ 0.0 0.10
{xi) Lead - mg/1 _ 0.10 0.5 .
(xii) chromium trivalent mg/1 0.20 1.0
(xiii) Copper mg/1 0.20 1.0
(xiv) Manganese ... “mg/l . 0.20 1.0
0.20 1.0

{xv) Nickel mg/1

QEITTOPITIRVER
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(xvid) Zine -
(xvitt) Boron SLATNES
(xix) Fron-(Pe)

(xxu) ‘Sulphide . |

(xxiii) Oil and Crease "
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Question and Answer:

o f.
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e
g/l 0.20 1;0
E "'mg'/i-"- BRI AL 1.0 4,0
'--‘-mg/l' e 1.0 - 5.0
| mg/l" 2 10,50 0,50
mg/l S Not detec- \ 10

Dr. Rahman. By imposing a flatrate fine above a certain BOD level the
Gl industries  may #ndiit-economicdl to-concentrate thelr wastes
S and discharge them, Does the sewage ffom urban areas go

through some treatment process before being discharged into
TR Ao "f‘the environment ar wn disoharged without any treatme‘ht"

. Dr. Suhaimi: In answer to your ﬂrst questlon on the BOD, this is in fact
IR el e quite undgue o tenti»of palmoil’ and fubber, THey are '

. actually concentratéd to 100 tines ‘BO D load above the raw

sewage. Because they are scattered, the pollution problem
. ig all over the-tountry . Of coursé there are reasons why
‘these mills are not t:oncentrabed in ohe area because they
: have to be located near the palm oil source. There are quite
adte 0 a fow mills contentrated on one riverbasin and in fact one
B factory was taking water polluted by ‘another factory upstream.
R The Director-General of the Environment Division had to order

e

: 529!‘0 discharge from: the miu concerned. :

C ﬁthh regard to your seamﬁ* questien, some of the untreated
cor. gewageifrom the bigket 'system d@es go to the sea and this
affects the waters around the state of’ Penang (Georgetown)

v l:m. the State. Government has: 'ﬁamn steps to improve the

. SAWEGE. System Ofithe’

#

‘Gity i ReGedt ‘Gomplaints ‘on:the présence

. .. of raw sewage atbund Penang beach was also blamed on the

. hotels whose septia-tanks weré mKunctioning. The bucket
- gystem KL is being withdrawn.'1 was told that by the end

<~ of the 3rd Malaysian Plan (ends-1960) the withdrawal of the
bucket system will be complete, but I think it will spm over
. - to.the 4th: Mamsian Plan, | o
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Dr. Suhaimi:
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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 aj- general rule, for any éeatmeﬁf plant to be run
efficiently, ih terms of power donsumption it will be more
expensxve thamthe ﬂnes 1mponed.

There are also other means likeé a paper mm in the state of
Penang where thair wasate discharge drew protests ftom the

_ ~ farmers .and the state government threatened to cut the water
‘supply and it forced the mm o take action to install a treat-

ment plant. _
Yes, but this 13 stm mc:!.dem;al.

I was pleasanuy surprised to read about the achlavement of

- the mill in reducm BOD. Is thm the composite sample?

This is one mﬂl which hag been able o develop their tech-
nology to reduce - BOD ,loa.d to 100 ppm

1s this ppm basad on the. compoalte anmple or on individual
) samples.’? , _

‘ on*a few -samplm!rbut there 13 nead for ﬁnther sampl:lng.

There are other &ganizaums doing resaarch on palm oil, e.qg.
Guthrie, They are basicany usm the same concept. :

,:,So far as I know the best result was from this mm.e Others
. were not very goed; There was one mill: owned by a-Perak

motor firm. They claimed: thetr BOD- load was 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. Popniah:

A redwuonoi 99, 996% 19 prét.ty hard 10! beueve...



Dr. Suhaimi: I tend to be optomistic that if one mill can achleve it then

Mr. Leong:  In this mill, do they treat 100% of the discharge? 1 find that
- 7 most of these _fac’_torigs_.in_ﬂMgphxsj,a are actyally operating

- part of the effuliit plant. As a tésuli they are able to show
samples which are below 45 BOD. I beliéve your University
has made some studies on this. Would you confirm that it is
100% of the effluent passing through this treatment-- plant?

-. EE GRS belOWC!apacﬂ:y, o 8t 'times tHeyareacgley by=passing some

.
i o

T Weeks ago when'We ‘went on, a-vigit.and we:were impressed
“but-we' SHIl have 6 do a lof of monitoring on:this. As far:as
. We could see, 1t'{s T00%. They do other things hesides the
‘" anaerdbic~ aeto ess. Ifyou are interestad;.we can.

Dx, Suhaimis ... Wecannot,hecagaewe have only locked into ;hls'abe'u;\z

ST T P

PR L R

M Leongs . “Pattieularty th & biae ih Sabal, e would hove a very few
|0 owsdpalm ofl fac totdes it most of them aré located very.near.the
' -_.'seg. In this 1_'_%‘:‘5@??% don't ﬂw&k there m.vﬂsmg@,va”}ug}to:-!t:?;‘

bosed on the ledialative agpect. Of

8iderations, lke blologital reat=

7L ment, in-plaht

s
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APPLICA‘I‘ION oF AEROBIC commsxms X mz msrosm. OP LIQUID PALM
COILWASTES - L e ;s

hyf’ ‘Robert L. White, Engineermg Science, 125 West Hgaﬂnqtoh Drive, |
Arcadia, Califm‘n-’ U&SQAC’ by I.)‘ :

4

Pomtah D.n. Anderson

SRR

_ ¥ tkm raptesents one of the

- ‘major water ‘pollition cont:*ol prebleins in soumqaﬁ"ﬁﬁ}aw The flow is large
and the organis’ sttéﬂqth of the Waste 1s such ﬁx'a‘te 1 application of gonvent
ionak-and-ddvanced wﬁstewatér réaime: A6 W «ﬂlﬁrﬁsﬁl‘t in an eftleant =
quality ‘whicH will; even under, the' ,_,_es't opum um fmws, séverely tax
the environment. Present pracﬁee invoiving aﬁplicatwn of the waste to land
resuits in severd odor problems umpled with rampant. regwoduction of soldier
ﬂws which are a nuisfandé tc"_p nt ‘tiqn perspmel. and rgsxdents. :

Thwﬁsposal of Hitid wa&teg ﬁ-mﬁ m,m Qu Rl

m papex‘ preéem:s a new cc‘mc‘ p .‘for the management of palm oll wastes.
The concept. biologically, utilizes the gnergy. available mthm waste to.ald in-
 the iévaporation’ of the waste stteam wh,ue at the same time stabilizing the
magerisl-dnd refumiy esgential sutrients to the. p,tamatmmsous from whenoe -
they: came s *Thik: laker bendfit 1s part icularly, s,.tq Elcant i that approximate- -
. Iy 1 kg of potassium is Femoved ﬁom the sail for every metﬂc ton of fresh

fmit bunches hamﬁsted ,

Palm oll derived from the fruit of the palm tree arrives: at- the processing plant
S on stalks or in bunches from the fields.  The fruit is first aepamted from the
bunches; the residue is subsequently incinerated, The fruit is then mecha~
nically coverted to & shgedded puip or mash, The mash is then presaed e-
rulting in the extrusion of a water-oil mixture. The water and oil fractions’
are separated using a clarificatlm gystem. The oil is aubsmuently pumxed

‘ and vacmum~t:l!‘ied to produce the ﬂnal princ:ipal produc:t‘ ‘

A 3ec:cmdary preduat palm kernels, is produced fmm tlae cake which remains
- after the mash is: pressed. The cake is broken and the fibre is removed using
air classification. The ramaming nuts are then cracked resulting ina mix~
 ture of kernels and broken shells, - The kernels are saparated from the shells
using both air and water ¢lassification. The k,emai& are then dried and stored

' - as a gecondary product, . ‘ .
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‘rhe principal product of the industry is palm oil.- ‘The palm ou beg:lns to
-break.down: rapidly into fatty acids as-5oon as the bunch 15 picked. Accor~
dingly, it is important to quickly stop the enzymatic breakdown before sig-.
nificant product is lost. This is accomplished in two ways, fitst transport-
ation and storage time is minimized by: using.many relatively small facilities;
and second, the bunches of fruit.are steam u'eated as sqon as:they. artivc at
the palm oil mill, The steam txeat}nant serves to stop the enzymatic oil

L degs;mc:t;on and to loosen t:he= fmq: from the blme%hes. o .

T

- A totql of 0,v kg of wast.e isnradwed from eaeh kg. of frésh fruit bunches
:“-hawested,* 'Ihxee main. efﬂugnt scwcea exist i.n the palm oﬂ mduc:t:lon pro-

E “"’—f‘_ B

(1) L'iquld ‘was tas £rpm ;.he eﬂ »clartﬂcatmn m’ocess
(0.45 kg/hg ffb) = 75% '

(2) Ltquid condensate from the stearh pretreatment process
(0 10 kg/kg b} = 17%

(3) Liquid waste from hydrocloning: Qf kemels
TN '_ i Ob kg/kg ffb) =

The' palm 011 clariﬂcat:lon process . produces a very strong was te., whtch 15 75%
of the total, therefore its characteristics: dominate the total wastewater flow.
Table 1 presents typical analysis of palm oil mm wastewater, _

The large concentraﬂ.on of ‘potassium, 1ron an& phos ;horus mdwates hjgh
mingral rgqulmments by the palms, hence return of these eléments to tbe
soil in some form is undoubtedly esaential fo obnunued woductiviw. S

'l'he uﬁim#te BCD a ppmximaaes 75% of the COD. ‘Since BOD:is & meagure of
bloderadable organics and CCD, total wganics, it must be concluded that
the waste is almost totally biodeqradable. ' , § e

The waste has approximately 2.2% sus;:ended solids. This constitute a thin
sludge, Studies of this waste show that it is very difficult to effect solid/
HQuid\separauon. The particle size is very small as particle density is close
to water hence gravity or centrifugal separation has been found meifecuve.
This same small size makes filtration neagly impossible because of rapid .
blinding of the pores of the filter. For this reason, effective application of



the waste to the land is very difﬁcult becausa these suspended souds also ’
bnnd the soil pores. Lo _

'Wh'e»r"e" palm oil mi‘n"w\astes are. dischartjed to ordinary surface water courses,
the BOD of the mixture of wastes and surface waters probably should not
exceed a maximum of 50 mg/l. .

Ina large stream, where there. may.he 2011 dilution of the wastes this im-

- ples a discharge requirement.of 500 mg/1 which represents 98% rémoval

- from the raw wastes. 'Recognizing the nature of the waste and that a 500 mg/
~ 1 requirement could only occur in the"most deal conditions, it bécomes very
clear that current wastewater treatment technivlogy, both conventional and
‘advanced, is mcapable oi mamgmg this pmhlem.

Table & - Chatactertstics ei Palm 011 Mm Wastewaters
 (From: various SOurces)

- pH 3.7 v 52 | 34__
BODy 25,000 - 35,000 8,500
COD 50,000 88,000 30 000

 NHa-N . v $ 50 20,

. Crganic - N 680 - 800" 400
... Niate -N = 30 +60." 20

- Phos phorus = POy 140 - -250_(. .70
Total Solids | 37,000 85,000 . " 30,000

_-Suspended Sohds 22,000 30,000 14,000
~Dissgolved Solids 15,000 L 25,000 16,000
Agh . 3,000 5,000 1,300
011 apd Grease G 8800 w GOO e gL,400)
K. 1,620 1,928 1,281

Mg . 295 344 254
Ca 315 405 276

C Na - 43 71 29
Mn 7363 4.4 2.1 .

Fe" RNE * VSR 164" 117

2n ) 1.8 1,2
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Extensive work on land a pplic:ftioﬁ- of raw andz'anaefbbwéliy digested palm
oi) waste has been conducted™, This work resulted in the following find~ . .-
fnget: | . B

(a) When the wastes are applied ‘s0ild clog rapidly .. P

{b) Rainfall washes out dikes and causes losses from the beds, ce A

(c) Maggots of the soldiér fly find the waste an ideal medium (1/2%to" s
_ 3;31‘; fly) These flies create a large nuisance on ﬁ!e farms and L

(d) Odors are a serious m‘oblem. T ' -

(e) ‘the shading caused by the trees Jnhibits dxying and caq&es water-» _

Iogged solls. _",j_ R o I AR i
The ;dgglﬁmm_' u

The. idea} solution would be one m Which no diwharge, direct &t indh'ect, _

of palm il wastes to streams would occur. Allsutrients contained ‘in the. -
waat.ewa#.er angd bunches would be returned to the soil. ; The palm oll’ pmdum B
is essentﬁaﬂy all carbohydrate‘ nument Bubytames taken upin the plant are . \
all found in’the waste; where return of 'waste products is feasible, the plants ' .
will be.in a-near state of ideal equuibrium with ‘thejr nutrients. The export-
ed produ»t is actually nothing more thah water, ca;:}pen dwxide and sunl:ight, it
c:ombslned in the form of palm o;u _ DA LT

Palm. qu, wasnes arge not readuy asthﬁable into the soil due to waste char-
acteristics, tight soil conditibns , anidiabundant rain, - If the wastes were as-~
similated mto the topsoil, ‘the high carbohydrate content would undoubtedly

' cause denitrification and a resulting decrease in the fertility of the sail.

s . _

(1) Guthide Research, Chemara, Serembon

3 '#P. .
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(1) The system would render all the wastes 1deauy ass.lmuablemto the
- so0il,
(2) The system would be slmple, not requiring extens;lve, difﬂcult to
operate, sophisticated equipment. .
{3) The gystem should destroy excess carbohydrates in both the
wastes and the ht.mches. ‘ :

Ihe Idgal Svstem

The foregoing descnptlon acauratelzy descrtbes &ambic composum ah many
parts of the world, anaerobic composting of human 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-
blc with with anaerobtc comestinq) LA

- b "Composung as a wastes management process util!.zers a bﬁoboqical system,

" ‘The factors that make biolngmal gystems soO at!:ractive m waste treatment
are appucable to both Uquid and solid waste management. A few factors
are of significant importance. Biological systems require less: energy than
chemical or physical systems; reduced enetgy needs, coupled with inexpen-
sive equipment requirements, make. biological systems: economic&lly attract-
“‘i\re' biological systems have lads of an adverse environmental mpact inas-
much ‘as biological treatment processes are nothing more than: carefuuy
coatrolled and accelerated applfcations of those that ocour in nature; bio-
logtcai systems result in a more complete conservation of resources.

As with any system, biological systems have cartaindisady

systems are relatively slow in. accomplishing tneatment, i.e., exposure
_times are-specifted in terms of several days rather than minutes ortiaurs,
_Uéually, such systems are "bulky" Awith*res pect to voluine and spase re-
-qu '_menta. Biological systems are unpredictable and highly‘ seﬁsiﬂve to
treatment condmons. : Jael

Composnng is a method of treatment which mvolves the bxological decom-~_
position of the organic fraction of solid wastes under controlled. condiuqns.
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 mduati.Ve to a suita‘ble microbial population at the
" ‘density and degree of activity required tc carry out the requirements of the
: systemt B

. Composting operations consiat of controlled microbial reactions, yiétding a
stable end product at a high rahe. Composting produces a stable mat:eri.al

A i_that can be utl.lized to rejuvenate the land,

Fungi and actinomucetes are a sigmﬂcant group of microorganisms in com-
- .posting, aidge these organisms” are favored in the semi—moist conditions that
-"--prevaﬂfm the process. ) y - e

'rhe major midrobiological control parameters for optimum compos ting include-
' 1, mw. Opumum thermophilic composting occurs at anproximately

. HMO0YF. Microbial decom position proceeds at a faster rata at elevated ,
e ;*-vemperatures, thereby speedj.ﬂq up the compostjng process. ; :

2, Mblsture. The desired range of moisture conteut is ftom 40 to 70, percent
‘ with an opﬂmum content of 55 percent. Moist conditions will favor
bacteria over fungi or actirmycetes, thereby enhan&ing the rate of the

compostmg process .

C ation Satisfacwry composti.ng occurs ina
pH r&nqe fmnr 4 5 to 9,5 with opumum conditions at 6.5. This pH range
iz required for optimal microbial metabousm and consequently, proper

composting. ' _ . e E e
. . }:,'"; ‘_‘,..__.,_ . . - . S L » . : w ST

mm “Ihie destred’ carhon to nitrogen ratio 4s 40:1 whue the optimal
“garbon to phosphorus ratio is 100:1. Nitrogen aﬁd Phosphoms must be

: present inthe compost at these rauos to ensure an adequate nutrtent
contenh for microbial growth -

SN

5.;;;;_. -‘_.:‘510 20/30: o R. ot ab/daﬁ/lb of valat.ﬂe compost solids 1s required

| inr Qger defobic bdologica&-mmmm. _ 

G parmxesm. Parttales siz
“ b timal surfoce-area for the migrébes i

: . -

In thé ‘windrow ‘composting systéh, 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 infervals. In cross section, tha windrows
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are somewhat trjangular, the shape depending largely on characteristics of
the composting material and the method used for 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.

A g;'-agg Pile Composting o i "
The aerated pile process difféisz from the windrow process in that composting

. ‘materjal is not turned. -Aerobic <conditions-gre maintatned by méchanically

drawmg air through the pile.

In this process, Hquid waste :la mtxed with a bulkmg aqent, su/ch as wood

chips, which serves as a moismre absobent and provides porosity to the
material. The required ratio of u\mid waste to mlking agent has - been report-
ed to be 1*2 to 1:3 on.a volumem basis.

Fouowing mixing with the bulking agent. the mixtur‘e is: placed in large piles,
A-loop of perforated drainage pipe is placed beneath each pile and connected

i t0 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 eicessive blower headloss, . Detention:time in the aerated pile

_-::__13 reported to. be abﬂut 21. days after which, the pile is d:lsl:rihmed to the soll
or stored : _

. :_Mechanmal Gompostmq is a general term used o dawﬂbe systems which in-
volve use of mechanized, enclosed units .desgined to ptovide control use of
~  major envlronrnental factors, : ‘Numerous machahimkmbems are available
" on the market. While details of the mechanical WSMB may vary, basic
pﬂnciples goveming the com posting pwocess are simﬂiaf for all swh gystem,.

Major desgin dlﬁf.erencea among ﬁhe mechamal systems are-in’ the 'method of
aeration, A relatively constant tumbling or tarhing action 15 commonly used
to provide aeration, Nevertheless, the principles applied to windrow com-

. . posting can generally be applied to mechanical systems, Since the turning
" action is usually more frequent than with the windrow: mchnique. the need for
a friable or porous mixl:ure may be some%at-mduqeg!.

Decom positian of-organic matter is dependent upon the presence of mofsture

e
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to. supmrt mlcmbtal acuvlty Petmiasible maisture contents for var@ous
wastes_ axe. Hsted in Table 2,. .The values shown are related to,ﬂ#e s‘ﬁ‘uctural

or wood chips can absorb relatively large quantities cf wcxer and stﬂl main-

tain their structural integrity and poroslty e N

AR aerbbac com pOSt,ing, the o:;ygem sbu:ce will be gaseous. oxygen“and the

", predominant s pecies. wiill be bagteria,. fungi, and actinomycetes. The de-
sh‘éd envirqnmérit wil,t de a'moist: porous matrix capable of allowing the free
flow of Afrax aT-he i

e ture’ wﬂl cantain the major source of the orqanic sub—
stances to bewdﬂlgré*ded. b : e O .

Téb,le 2 Maximum Reccmmended ’Mcisture Contents fOr Various Gomposting
. ‘Materfals” . ST IR L
o \'u, . . wpptiEe L ay TRt L oL
Types of Wastes - T sMois_ture ,Gonl:éng:,%-‘;of:-’rdt__al SRR
T ) - e o ' Tae- \: . R ’ N 1 . Sy ='PH‘~‘
.‘\N\ SR L : et ‘_.->‘., » . ’S _~.~ e \ — ~ v.“__ ,mwem}:..;\
staw .  75-85
Wood (sawdust, smau chips) S A 4Tt [ AP E
Rice hulls’"~ . e L 75=80:"7
Munigipal refuse o _ o T 5565 _
Manures : : Dt §5~65 Rt N
Digested or raw sludge ' e 55-60 e
"Wet" wastes {lawn cuppmgs, R T i 90=55 ~ Coone o
; garbage . etc, ) st Vi . R
e R TN Ly o : R T

In the case-of palm oll production, the bunches.n presently discarded and® . :
burned, could be processed to provide such a matrix, The major problem {s Lo
to render the bunches such that they can accept the Mquid waste, ‘

The waste producticn rate is 0.6 kg/kg~ffb. Assumi_ng the oil and kernels
represent 25% of the ffb's, and assuming the bunches themselves are 50%
molsture, the moisture-contert 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 com posted bunches.,

In order to make the bunch material hold water, it will be necesgsary to o'pt:l-
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 ares will occur
‘as the material 15 pulverized to finer sizes. Too fine a size would, of course,
-prevent the free flow of air essential to the composting process. Accordingly,
there is some size of chipped particles which is opu.mal for the process and
which must be determined.

In add—ition to achieving control of the conéitency of the chipped materfal, it
will be necessary to determine the optimal recycle rate of composted material,
The total composting process will be as shown in Figure 1. ~

@at ance

As shown in Table 1 the mcominq raw liquid wadte has a COD of a ppmximate-
ly 50,000 mg/l. COD can be a measure of energy content. For comhén sub-
stances, heats of combustion are readily available; for these same substanoces
it 1s possible to calculte the COD. Using these caléulations ohe can ex~
press energy available in terms of Kilocalories of energy per gram of COD
satisfied for any desired compound. Table 3 represents such calculations for
some common organic compounds. As can be seen in Table 3 an epergy yield
of 3.3 Kcal/gr of COD satisfied, is a reasonable value for most organics.

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

The theoretical heat requirement to evaporate 1 liter of water from an ambient
temperature of 250C 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 Orgagic Compounds

1 .  Energy of yield Energy of yield Kcal/gr
Compound._ . _Keal/mol ~ ofCODsatisfled
Methane = 2.3 ' 3.47
Ethyl Alcohol : 327 3.40
Acetic Acid 208 o 3,25
Amyl Alcohol . 794 : 3200
Lactose and Sucrose - 1,350 3.51
Glucose 670 3.48
Palmitic Acid 2,385 3.24
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e ”:rhe Omluﬁoa omyoqr ptoua& wems to- be qutte over-
..:-simplified, Youconoluded that me problems can ‘e solved
T : you have momy B

- ' B
B . ‘--« 4 "{;., .

'z, Hoy miycki ottey do you think 1t will cost?, It will take 2
: _tmcks. a chopper and a tank mountad on a trauer. We are

abourwexy*mm ‘techingl

. We are not talking

awut tertiaty treatment with exnénsWefequipment from far

away countries but we are talkm about & cshopper and’a sman

L tank mounted ona trailer.

My point 18 how do ym qet rid ot me compost?

Mr, Whiter

- ;..:;x: xs verxr mma.

o umier a;eu &abé,.

i 2 /Df mﬂe you hawe w n:epere #m hulkfng material; o
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: Ix. fflﬁomol:m'- -

Mr. White'

;..-...-..r, ."

13! Ommgv ¢

- Mr. White:'

.

Dr-.Q?%*’?

MrPnnn;ah "

Dr. O sengat

Mr. Wh].teﬁ

~Dr.. Os.enga'

Sl & e i

Mro White' -

‘Mt Pom‘ileih:

i termofenergy; 4 very baldnced systém whith means they

 Well once you have to prepafe |
I disedree "-'-i?wt&m;
w-!;.-.-‘-;. ‘
Tt &f«must say th&t the 18@& i ¢ ong q‘i\;ﬁm béat thave he%rd
. .about palm oil it 1 think you ovwestﬁnated some’ points
kandaneofthe dungsisth{a jent a-palm ol mill is,

are supporting in their enerw 'supplv.’.%en you take away the

* their branches you have go,raplam thega by fhel.oll which is
‘anuther headachs for the fﬂﬂusx,; g8 because of the present

B ,.g»,'did not know of
the energy trade=offs, You are corréct i that we will be
depriving the mill of their energy. I think a lot of that power
~will have to be supplemented with ‘ga# Griéther materialiin
‘order to get A& 0 burn. Secondly with the advent of the energy
cmm the :mgwﬁm pa i oll wqmmv ‘rapialy’ Becaise
palm em can m suppiamentaw s‘ e txi energy

*rhat u mw of the deﬂmmeh tSemu

SHar b

How much Qrgam matertal s c:dnvamd into iporganic

matex“ml?

That ;ls agai.n unportant for ma preparaﬂon of your water.

k I do not claim t,o have all the answera. We just have a

concept whichiis a better alterhative than trying to treat
vyaher heoause of the simpucity of the system. L

At ﬂae moment they are, also recyclmg aahes as fertmzer.

'J Doymt&&emmmmoum? oA

Oue of ﬂxe mingm we do rmt kmw is ﬂae effecuveness of the
ashes. _

Thexre isa wheme qomg on'ix Mmym 'uamq pﬂm ofl washe
and applying it to the land, and we hive found that quite a
certain amount of benefit'can: bé-gasied by recyeling it into
the land. I do notknow myself whethér the ashes itself will

" beas beneﬂcia_l than actually putting back the waste product,



. Dr.Qsengas

Mr. White:

Sl e

Mf. White: _"A_t', lea_st ltwm ¢

That is what I do mt know, One thing which has not apbeated

- in this study is transportation costs. You have to truck away

40 tons a day over 18, 000 acres. .

We made those calculatim and me period is not extensively '
long. The problem in transportation is taking material back to -

_the outer boundaries of the plantation along with the lquid

waste anddoing it at selected locations. One'of the altemauvés
is to do it at the side of the mill and bring the gompost back.

‘The primary problem 18 not getting down to macroeconomics

but to prove to mw—owgers that it will work and-if-1t-can-be
shiown o work, then I can assure you that the people in the

~~ palm ofl busmess. ‘being good businessmen themael,ves. will
be persuaded 0. amept 1t. R = RN

r wish’ you extremely Qood .luck. Maybe it ls a better altar-

native . e

__;riééu;ué"'efs-.gss%' 'mmbfu@;"'
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' THE USE OF RECYCLING AS A WATER POLLUTION ABATEMENT TOOL

by Bagil A, Rossi, A;aian Recycling Association, Montinala Estate;: San
Viczeme Street. Sba' C’lam Snbdivismn, Bacolod City, Philippines PP

. Tm;a presentation ig basicaliy a paper to be presented mAuqust at Solid

"Waste '80 on the subject of anneltdic recycling of wm waste and is included
-beca;use we believe that organi¢ waste recycnnq. not: only removes serious water

: ponul:ants in the nitrate production artaa (solid. w&ste. animal. wastes, sludges
and human wastes) but that the major product of organic waste recovery a
blended organic {chemibal fertillzers~ also reduces thﬂ pitrate run -~ off pro~
blem from irrigatéd areas and farmlands which aré now deposited in lakes and
reservoirs resulting in excessive- ni&abe joads,. waed and algal growths and
subsequent’ eum;ahicabion of the wafer body. The secondary product is worm
meal a high protein value feed 1dea1 for agriculture, - ‘ .

Whilst on this ocqasiop Iam concentrating on the use. of organic recycling it
is also worth considering furthef benefits of the'removal of other poliutants .
by recycling, Amongst these are the recyc ling 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 poliutants. 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 a3 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 universitics worldwide have now begun to study the use of
vermicompostmg {earthworm recycling) as a method of sludaa and sblid waste.
management. They are obtaining positive results,

The function of the vermicomposting system is to effectively and efficiently

turn bio~degrz dable mixed waste materfals to a balanced oonsistent, high -
Guality 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, " industrial pulp and paper "wastes, " cannery and related



food processlr;g "wastes, " manurgs and sewage sludge, and solid waste which
is consldereﬂ an jdeal worm feed.

Earthwoms are also reproductlvely prollﬂc:. _ Under optimal conditions,; earth-
worm populations double in aumber in a sslxty-day .period, This allows for
expansion of the system and the use of earthworms as g proteln supplement
in the food chain, : . _ _

e

The earthwom reCycllng system ‘offers several iihpbita nt “plusses"

- It provides a method of. eliminﬁtlng the pollution created when erganic
"wastea" are landfilled, bumed,, or dumped at sea )

- i utllfzes these biodegradable materials in a fqrmulated,, blended mlx for

digeetlon by earthworms. The result is casting compost and additlonal
earthworms to be used m‘oductively in rajsing food

- Vermicomposting completés: the process of recycllng “waste products into
useful commodltles.

Wheh c:msiderinq large scale omanlc sta bllizatlon operatlons. the vermicom-
posting- system stands in contrast to the léss eéfficient methods of conical or

windrow composting. Latter technologies of controlled aerobic decom position
utilize only bacterial and fungal decay aeceﬁsltatlng the use of air blowers or

- machinery to torn the pile aad thereby pt‘Dvlding oxy,gen to the deca; organs ~

. ‘lsms. Veﬂnlcempostlng ls superior to these metheds for the following reasons:

o

a -Turnmg of the compost is mlnlmlzed: the movement of wet mat,erl.a.l ls less.

- Extended !orced aeratlon ef t}ze compost ls ‘not necessary, as the earth-
worm movement chaﬂnels ‘oxygen lnto the compoét. : :

- Itis usually not necessar to use bark chips or extraneous materials to
prevent the compeet from packlng.

- There is no need te malntaiu hlglr; ten peratm;esl Although ‘a rapid temp-
eratnre buﬂd—up is desirable for,laltl&t ng' themophllic bacterlal activity and
destroy iug certaln pethogeuic Jacty }by using vermicomposting methods,
l:he malntatnarrce of hlgh tempet&i:j 48 ] nelther necessary Gor warranted.

- Earthwoms radlcally decrease pat;hogens preseat ln the orgaplc raterleli '

- 'The: environment and bacteria assoclated with. earthworms facilitate the
desﬂucuon of the mlifo:m group ‘and Salmenella. :

- Earthworms, in a proper mix, can diqest large amouut of pulverized ﬁb-
- rous materjal. This ‘allows cellulosic subgtarces such as paper to be
' composted__mete‘_qulckly than is possible with conventioral methods, Earth-



worms have’ tne highest cellulase activity of a-ng in\rertebrata. : )

‘- A p!o:.ein“-nch animal may be cultivated oii matenal once considered a
- waste since pulveriged and properl, mixed refuse is a “fsod source for _
garthwarms. Dried eérthworm meal has an actual protein content better

“than 60% and has a higher percentage of sulfur-bearing and essential
‘amino acids than meat meal, Earthworm meal is comparab.le in quality to
fish meal as protein ,supplement.‘ ‘ _ BT

- Earthworm excreta (castings) are a superior soﬂncor.ditioning material,

Worm castings {a)-exhibit Jow misture levels which allow greater water

retention, thereby slowing down erosion when'a pplied to the sqil' () -

displa, "naturél time reledse® for releasing total nitrogen over a, gix-week . .
period; and (¢) may be mixed and bonded with chemic:al fertiuzer, form=

-iug a casting pellet, for large scale agricultural crops resulting in, less -

®rdn off* ir high rainful aress, - Lo : P EA

..:

- Castings have a nitrogen content which equals or surmssea the original
-nitroger content of the undiqested food due to volume reductiOn snd car- :
“bon utilization._ o oot L IR

~  Earthworms accelerate the degradation and stabulzatiou of varinus -sludges.
‘This is possible because the surface area of the aludgg 18 greatly increased
as it passes through the earthworm, EBarthworms stabilize $ludges as much as
two and a half to five times faster thanother methods, Earthworms return
- ofganic wastes ‘to the eco=system in a safe, sdne, 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 cylindric;al excret~
ions coutaining & considerable quantity of humus and are the ﬂnest (hi.ghest
quality) top soil produced by nature. o i o o

The Quanty of castlngs variea with the ty pe of feed or waates being . fed to the

. earthworms, For examplé, earthworms can digest low nitrogen, high fibrous
organic gybstances like straw and paper wastes and will pmduce a good soil
amendment, but an overall low quality casting. On the converse, earthworms
can digest aerobic sewage sludge which containg 4 to 6% nitrogen and the
castings from this source wm bhe of v*et‘y high quality. The analysis of castings,
although variable, show a mgh solubile’ calcmm, potas:sium. sodium and phos~
phoric acid content, Mmt of the nittogen is in the omanicr form. as mucopro~
 teins, peptldes. urea; uric acid, allanton, and humtc at:ids the, remainder as
-ammonla and niu'ate nitrogens e .

The rec/cung sySstem designed by the Japanese. Aoka Sangyo Company produces .



a high qualit; casting having a tofal NPK ccml:ex-t {dry wezght) above 3%, with
some castings above the 5% NPK level, Iv some areas of the country this is
-high: "grough-to be considered a fertilizer. The castings have a high cation=
exchange rate with a carbon to nitrogen ratio under 20: 1' excellent for good
plant assimilation. _

The entire dr; granular composition of castings is under-4,0mm,, with over
50% of the dry castings uuder 1,0 mm. The ACKA earthworn castings have a
humus content above 20% (dry weight) of which better than 10% is humic acid,
The: hmaportion of castings is responsible for stabilization of organic |
matter, bi:ding of water to slow leaching, release of water during drought,
and binding of metals for appropriate plant use. Hymus also acts s a nitvo-
genrecyoling sinks it imparts a good texture and fex:tiuty to soil.due-to pore
-gpace and-tilth and, most tmportantly, acts ag a plant growth hormore stimu=
lant, As. such castings are indeed a favorable organic soil anendment among

garde ners.

Air-dry aarthwomas castings have & giensit lower than most potung sous due
to-the fine porous: strueture permitting air entrapment. Transportatim coasts
are therebry reduced. T : R R

Caatims, due to the mmeral, nitrate and high humic acid content, ,must be
- mixed 1/4 to'1/2 with,low nutrient mateérials for making a good potting soil
medium: fof: eedlings and house plants.” For soil amendment fertilimer usage,
'casunga are generally applied at the rate of 1.0 to 2,5 tons per acm depend-

ing wpow aml and enviromnental condiuons, and the crop growne..

e Earthworm aaatings are also very unique in that they are protected by 8 perit-

_rophigimembrang: gecreted dround thé Castinga dm'lng egestion, This mem~-
brane-aids lathe mmerauzaﬂon and time release nature of castings, The
earthworm. comminutes the organie matter into’ very fine particles and as such
. freshcastings have a-very high *resj?n'ation rate.  The microbial actlvu;y has
-'been greatl;y mcreaseddéue tt> t‘hé mdreaae in the surface area,

fungx,m Sfép. and cellu-

"~ out eartimm A8 #uehf. ,_.ﬂ;e»e #i vaitings ore the foc.t for dissemina-*
'ti:on of the beneficial mifxoorganisms. ' o

Thus it i# quita esrident maﬂtcastnms hom a great potential for agriculmre. )
‘Their-petential: ‘marketihy usages ére varied and” near Mmitless, Sales.range from
balk tonnags.and large ¢ubic’ foot pqckaqes for ha “‘_gardenets, to.patting soil
_supplements in two-guart sizea.’ *‘Q&sﬁ&gs can bé combined and transformed -

with chemical mnmers tor modern e-scale fqrmmg, holding a great pro~
mise for, the i’“‘més CETR TR AT

B



Three major earthworm casting products are available £¢B‘ marketing.

Bulk salesz as sou amendment £c>r household and smau farming gardens.

Nutrient component ih potting soil.

Castings pelletized with c:hemical dertilizers for modem farming opera-
tions. R

It is this last pmduct that A@KA teels will be the agricumwai Iemlizer of the

future .

Hmm 16 listed a brief s-wnmary of the major reseqrch repcrts of smuwance

-

soﬂ fermity, than so;tls wiﬂ:out earthwoms.

- Frocsedings) Utilization of Sof

i sotl with earthwd&'ms conta'-
B er ﬂry*weight wheat hawe ';-.-

o Of e::astmgs in-the U.s.,*awb“lm“luded are the research excerpt and’ land msts
"‘ef the Japanese casting products. o N - _ ,

Excerpts from Edwards abd Lofty, Rioloay of Ez Te e H Chapman and
Hall. The reports in the bock indicate that earthworm castings have a

. higher base=-exchange capacity, ‘with more exchangeable calcium, mag-

‘nesium, and potasiam, and available phosphorus than soils without’
earthworms, The over-all evidence is that earthworms make more mine-
ral nutrients available for plant growth, which is im portant for improving

,r'.

Studies have shown: that addition of live earthwroms to garden solis tn— )
. creased yields of peas, oats, soybeans, qlover ‘and other - cropg.over:

similar fields without additioné of nve earthwurm&. L

Mictoorganisms of the Agtihoriyces BPP. and Wﬁﬁ. in parucuxar
have been found in high" concenuations m fresh eatﬂ'hmt‘m casgtings and
their anubiottc effact in reducing the nonwacid-tuat wﬁ}wganic micro=

"

. oeganisms has been Qbserved. Micmbial ac.tw{ty inct:aaae» up to a thou- ’
_ j_iand fold whue passmg throuqh the earthwcmn ‘s gnt, %

. Earthwonns and Wheat Yields. f‘rom "Avaunhmty to Wheat of Elements
- '4n Sludge~Treated Hoii- w:i&t Ea::tbwoms, “ by Ms. B, Kivham; in cmference

1 Qrgar nismis, in.sfludﬂa Mmgemmm

e

'In her experimental trials she used small pgt.s containmg a “sludge tredt-

ed silt loam soil ¥ some with earthwmna and some without , Wheat was
used as the growth. crop. ‘Her results indicated thatthe sludge tredted -
ingd. more extraciable. minersis and: hada gt-eat—‘
an' thm wichout earﬂmme. A |




-

gnce, Vol. 55 (1’972)

' -imIn ‘thle study, earthworms Were used to digest cattle feed lut and dairy
“'ﬁ:anure. The resulting castings were analyzed and used m potting soil
‘tasts, - - :

"‘I‘he excretion (castmgs) of the earthworm was a loose. fttable humus -
- "'“pe“of soil containing '% 0% ni&ogen (dry weignt) 0 32% P and 0.4% K,

"Ome hundred flowering plante were planted in the worm dirt each week

for 12 weeks, .The samé-number was planted in the normal soil mixture to

"eerve as’ éontrol. Six pairs of each 100 plants were. put on a . common

‘watering system, There was no difference in growth rate, but the plants.
in the worm dirt had heavier root systems, A panel of four men subject-
ively evaluated the gix pairs ‘of each 100:plants which were .on separate
watering s ystems for growth ;:ate, root Systems and number of blooms per
plant, The plants in the wari dirt required more water, grew faster, and

" had jarger 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 plents and that it was available to the
plants over 6 weeks."

_ It is- in rapan, through the research work and sakea of castings products by

AOKA: FANGYO CO. LTD,. An co-operation with prp:m Agriculture Shizai Co.
Ltd,, Chic:hibu Chemkial’ Co“ Ltd., and field test plots done by the Tokyo
Agricultural University and its related testing ¥tations that most of the convin='
cing ~evidénce for lame*-scale use: of castings. and their true aqncultqml value
can “be seeﬁ. 'I’he castings were ua,ed directly on small and large farms. Vi

'rhe ]apanese compa.ues produce thtee peructs for marketi!m.x

,‘_ . . R,

- "'Soirich," bagged ﬁne-sqreefmfgivbarthmm cesnngs. ¢

52 s e

-qualit‘y casunge for pottmg soil. B

- "Sojeteh 'Eh-gantc Transformation,j" the fine screened earthwm'm cestings
from "Soitich" ohemically bom:led with ehemical fertilizer to-form & cagt-"*
ing pellet spreadable by large. farming implements s e.d., @ vegetable .

No. 1 package,. beinq‘8—8—8-24, 8% Nitrogen, Phosphoric Acid, Potassium,’
and 24% Soirieh). AMiost 'of the "Sofrich" is"u¥ed in this process.’ QOver.
2 000 tons a mouth of the transformed casting peuets ére produced. ot

1o bitef summery xs ﬂie'Son‘ich (e&ﬁhwonn casﬁmgs) Composition Tests, " ﬂz:st
report, Tokyo Agriculguxal Universu:y. (Trans., Robert Kono). . T

R
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- ™A pot test was done on the relationship between thg effects. of phospho-
ric acid and the drained Soirich, and the effects of Iritreasing fertility
through the absorption of phosphoric acid. In comparison to the contrast-

ing portion, the Bairtch portion was greater in terms of ,ield: in the
“above surface™ category. it showed a 13% inorea#e on rice seedlmg.

~  As to the analysls of the yteld. the "abova-aurface phbaphoric acid"

_ settion of the Soirich portion showed remérkable incregse; potasgium

" "also increased sughﬂy (i.é. timé seedling and plant absorpcmn analysis
of material)a S L

- g oz beans, effactiveness nf scmich in faising crops, ud tests at the
. ‘Tokyo Agricultural ‘University Tasting Qtatmn, .‘.’.oﬁ Feuihty Divulon, Dr,
KﬁwatNObom..".'..J.ai” {

E - "‘.The Soirich was used as & fémuzer with pmpcruan c:f 30%. and 10% mlxed
" with 3=10-10 fertnizer {3% Witrogen, 10% Phosphorie Pentaoxide; and
10% Potash). Cc:mpos!tion 1 Was 30% mixture composition 2 was the 10%
mixture _ . o iy -

--I‘v ¢ R f,,-! 5

In the beginuing, the gmwth rate was good arad the plants flourished without f
showing signs- of toppling over. ‘In proportiorz of yield, camposition 1 at 3-10~
10 30% Soirich was’ greater than co:nposition 2 at 3-10*10% Soirich. The
Sofrich -alone was greater in yield then the’ contraatmg sﬂgtion of 3~10-10
alone, The yield in fruit wetght perceat age: the: Soiﬂah alone was 2% higher
tharn the ‘contrasting section, and eomposition 1 (3~ 16-m-30% Solrich) was
24% higher than the contrasting séction and composition 2 (3-10-10-10%
Soirich) was 12% hiqher than contrasting section.; e v

'Sotnch of 30% mixed with 1e~10-14 fortilizer mmaaed mids by over 42%
' than just contrasting section (fertﬂ:lzer) ‘alcme. The 10%. Spirich with 16=~10~

o 14 increased yields by also 42% over contrasung secl:ion. o

Soi.rich at 30% wtth 3..10..10 inscreaﬁad yields by 2096 over contrasting Section
_ (3-&10-10 alone) and when QoMch was used alone the y&ekda mcreased by 10%.:



The results cxf the crop-raising geats overan mdicate that earthworm castings
produce m-eater ylelds than usual compost substitutes and can be ¢onsidered
an effective substtitute for compoat. -ds@, earthwarm castings alone equaled
or oft‘en {increased yields over the contrasting chémically fertilized section;
and earthworm castings transformed:with . chemical fertilizer, in the 30% com=
binations, increased ylelds between 14% to 42% over the coutrasting chemical
fertilizer sections .. ey

‘ ‘I‘herefore, castings take on a value at ,least equal to the local price of fertili~
zer and in f{apan blended fertﬁiaet ia sold ata premium of a ppmximately 20% ©
over chemical fertilizer, . LT

This. we believe such a system, ofters Asia and: Aatan a.nd pxroﬂta ble answer to .
its org'anié: solid waste disposal problem. Lt L

o VN
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Quésition andhnswer' : iR

M. Rossl' " You have all visited the (iste Aquatech 80} Bxhibition, What .
A - were your nnpreasions of the E:dubition"

Dr., ':Komolr__;lt: I paid 2 visits to the Exhibition and-I found' lt quite m.'fqrm-
b -ative because it i8:composed of various eéquipment and I
think we have nct been able to get hold of much of it.
Mr, Rossi: .Regardmg the peop].e in the smhds - were they able- to answer
oo - your questions? We-were talking of sales back-up service
yesterday. Did the exhibitos know Asia or were they working
: tlu:augh an agent or was he just working in Smgapore?

Dr. Komokit = Inmy epmmn, 1 thmk the exlﬁb:ltors are thelr own represenf:-
R . atives. They know their products' wéll but did not know how
. well it can besadapted to thie -Mical condition, They are new
i e e tothé.area and they-did not kmow the constrainst of the area., -
o emn wie They just knowithess products are’ good but they have not . -
ST studiedin depﬁi"what are the cost, conswainsts or handicaps..
. They think it is-essy in Asia to get mechanics to correct any
- @ problemes it $8they try.to use. their products in the develop~
Co.o . ing countries they. will have some- problems because they
. have no expeﬁanne. R

R R 1 think they dﬂmt take 5tl’xe ﬁmﬁcet seriously yet. 1 think to
oo INRKe-aigood market they have to exhibit themselves and at
- 5. Hrst.you cennot expect to gain:aiid they will have to take the
. initial losses. This of coutse means that you need capital
Investment and Ithink they have not taken this risk yet,



Mr. Rossi:

Dr, Osenga:

‘Mr,. Rossvi:

Dro ) Osenqa: )

 Dr., Suhaimi;

~68~

What is the next step from there'? Where do you go as a
saiaa organizatton to get knowledge? Dr Osenga?

As a sales orgas izatton working in the mr East, you have
~to learn the hard way by making 100 mistakes, That will

take you as a non~Asian company a number of years, It is

‘the most natural way to do i, 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 the people, Txy to’ understand their way of
thinking ‘and marry that mto a pmper solquon to.the exist-
ing prob.lem. ;

'I-Iete we have an extremely rich, market m Asia.and here we
- have new ¢ ompanies which spend enormous amounts of

money on research in their own countriess Are they willing

. to s pend large sums on local research mwgamze, ingtall,

5 I cannpt speak tor othar countries hut my own company spent

here and I would cantinue to spend until my 50th birthday.

LWhen 1 purchase equipment I hava 3 criueria m‘ mind-

(o 1. Ji‘he ﬁqaipment must be renable. j
2. 'The price should be reasonabie; -

3. After—sales service muxt be amiuable.

_ Mter Iget these 3, then in tlm xBndertMs company gets

because we do by tender. When it comes to after-sales
service, most of the compan;les now have' ‘after-salds service

for one year, afterthat we enter into.s service agreement with

the company aomemed. Quite a few ‘compantes are doing that

. i Kaala Lummr and those companiés which do not have agents’
- - in'KL have mem m SmQamm who can aend their experts to KL
L eaauy. SR

- . With regards to some US f!zms, they haVé local agents in

[

- Malaysia itself. The local agenty’ uﬂuaw ‘give advice to the

.Instimte in Malaysta, When ‘it dcsmes taresearch of rubber

companies concerned of local problems ‘If they select the
the personnel properly then they will get ‘proper advice,
Of courae that is:@ ‘personnel’ pwblem It terms of research
1 would ke to give an example of the rubber industry. In
this induatry we have well estabiished Rubber Research

s .,-wii’rl
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' Dr. Subaimfr -~

~We brought the purchasers ? Amarket has to be met by 2

effluents, most'companies gives funds to carry out the
research, But in the Palm Oil Industry, there was no such -

- institute until recently. ‘They call it the Palm Oil Research
~ institute and even at this moment they do not have perma-
. nent building, So-most of the companies like Harrisons &
©  Crossfields do their own research for the oil problem,

- 'One ommisaicm in your 3 crltaria Whose words do you take
- for reliabﬂity’-’ i .

’Ifhis is where We some-times face problems because when we
want o purchase certain ltems we make specifications and

©usually we borrow one of the wmmny s specifications and
- modify it to suit our problems. Usually betore we do that
. we consult the: lqcal agents, 'If there are some equipment

presented in our University or Institute we will go to find

- out the reliabuity of that equipment.

We hring in the ptoducers to: the Exhibition here but ha ve

purposes~ seller and purchaser, For a devéloping country
the purchasers arae not individuais partiaularly integard to

‘water control equipment. These are government officials.

.- At the exhibition I dtd not think the government officials
- owere: prasent. I daubt how 3ucces&£u1 this nxh!bmon can

. ‘Mr. Rossf:

The specifier has not the autharity to come. This is a short-
sighted policy but it-is the economic policy of the countries,

- It does -not:affect the future of the country. On the other hand

‘he came, can he get the answers he wants ? Notwithstand!
ing the financial constrainty, would there not be. certain

advantages ior tesung the equ&pm:ent locally'-’
‘rhere are mam "t:.ries m thﬁ& region mce Malaysia where
we have the smmds & Industrial Research Institute, From

. there it can be' m:wéuced to tha market but not enough

" 'people use it, -

~ You mantioned :euabmw. ﬂnance 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 govegnment officials. I do not -

want to insult anybody. but many tdmes we have :the fecl-

~ ing that they are extremely sel-gatisfied. In Malaysia
- you. have a venr bm mganizaum JKR« It is impossible
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Dr, @ senga:

Mr. Rossi:

oM. Pariset: -

i Rossts

T ¥4 y.-.? b

Mr. Roseiz

M Pariset-:",_‘f
; I work mostly in France, and Canada, My thinking may be

HJ" b

_ Mr. Rossi:
to l )

o goverrment reiy on.

<70~

to offer anything on thejr attendance. They do not accept it.
The system may be .much cheaper, much more reliable and
have a better purpose but it is still not acceptable,. It is the
same In Singapare as in Malaysia ‘the Philippines, Indonesia,

_ About six months  ago, we had a groject 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 the consuiltant that mistakes
had been made but the report was ready and the. government
dj.d not accept any modifications of the design,

You are saying people are uehng the aconsultant's decision

- rather than consider the su ppliera' recemmendatjcn?

. They are tled to their designed Byetem rather than to use
. something else, . B

}‘

It is true: in our Mdustry the same tzhing can be said. There

:is a book and-they go by the. book.:The consultant is, in
-many cases, the speciﬁer net me client.

In some countriea you: are not allowed to change anything .
.« Hyoutell me who the consulﬁant is, I-will tell you who will
get the contract. -But in a lot of the ‘¢ouwritries I have great

difficulty to convince them that it is not in their best interest
and 1 always put a clause in my contract that they are not

' obliged to accept 1t.

HOW many cf Yﬂ&' eompenies centreetx are with the Prench
S Govemment and hew mndh .vmh other cenntries ? .

gL

80% Of our jobs am 3b!'0&d .‘ it

Usuauy they aire gettmg the wrong thing because the

consultants they are getting’ are Eom ebroad and these’ the

Being a consultanm I cannot fonow you ‘very far on this line

biased, but basically there are 2 lines: and the basts is

_ poutica.l and admimstrative. ’,-,-'z

: Whatis the trend there" What 15 happening in Asfa? Is

Asia going to rély on consultants forever? In a peer

- group many: of youlattehded the samé universities in the

U.8., whether Asi.an er net. Some returned and take up

¥
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directionali positions few hecame consultants. Back here“

.you meet on different terms, each telling the other what to

do- oné a consultant, the other tidiking from directional -
position. Why are there not more Asian Consultants? I am .
a consultant; I am talking against myself. We are talking

.. here of meetinqa of cotisultants and specifiers and if you

boil it do’v\m, 1t isa horrible mess. 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 tired of not meeting th- specifier. :

: As a person bom in Chlna raigad in ormosa and now Uving

in the US, 1 haxzé ohserved some basic problems here. In

* the US or European Couritties, ‘we do things differently. But
“the difference has ‘not been weu accepted by the people in
‘Asian countries particularly among decision - making . Where

e asin the US we try to bring suppl:lars and consumers together
. 80 that they can exchange ideas, it'is hot only the supplier.

Mr a'_"" Rossi:

Unless we can bring the consumers and suppliers together,

" ‘this conference will be a waste of time and money. Unless

we can find out what thé Asian developing countries want,
we: cannot markét hor ¢an there be technology transfer, It

~will continue to be ‘one-sided and no tangible effects can be
-expected, Can we-try something out in the next conference
.and try. to get information ot to the developing countries,

particularly people who make decisions for purchasing equip-
ment‘? ' . ,

v.;Thls is what we hbpe to achieve by the foma tion of a Water
. assoaiation. co

PRI N

The Asian peerpie wﬂi not need the’ Westerners mdeﬂnl.taly

" 1{feel that 1 have done iy job peoperly and in 5 years' time

Mr, Rossi: -~

- theywill not. nigéd me anymore, That comes to a completely
different point. ’what they sieed is' education. Not educa tion
- of how to deperid more on the foreigners bhut education.on

how to depend less' on forefyners. Let them design their
own solutions for ‘thélr own problems. I think it is a much.

. realistic approach., Personally 1 think it is éven much

better that. my ¢company is run by local chaps who do as

'_ good a job or ¢ a hetter job that I can in a few year's time,

Ycu will notluse any >money_ doing this?’



Dr. Osenga'

-)_‘Dr. LIU‘

: What is money "except i:hé"t ls'nee&ed to lve, eat and sleep?

| The purpose of this conference 1s t0. transfer information -

the needed countriés and u'angfan*ing does not mean one way.

v \Transferﬂng can have a feedback and here we have the good

" -

- Dr. Komolrit:

" intention to transfe;‘ our Mformﬁtim g0 that there can be

water qualityall over the world, However we cannot have
our informs tion transmitted if no- people from the developing
countries are attending the cmfexence, .

- bS a technical man we really ha\re a Iot to say; but when we

say. smnetmng. -you have- te»elarw. ‘For-example-if. you use

_certain’ eqmpment. you have to give reagsons why you use it.

Il say that equipment is used in Malaysia, Singagpore; then

‘1 get mote wejght to my proposal. But @s a technical man I

' have to. convmqa the. top as to why .we use that equipment,

A

Dzj';':Gi’Om‘ba'ch:-'
' ©+ .. think it is true. that you can train people in 5 years and
o t:hen go back and. allow people.to. manage themselves,

' many times we do not have the. baanmg of suificient informa~
',tion.." . ‘ .

Iam a l:lttle late. I want tQ answer Dr. O senga. I don't

" Becduse you can'ty do that either, You must learn all your
 life. You did and I did, T think’ knqwladqe transfer and tech~

“hology. transfer has to take place all thg time and the Asian

o ﬁEOple will nt-zed that exchange mdaimitmy. It is not

ative to say that the cOoperation has to take place
1“ efinitely. I think even if Agian people have great success

 there will be some difference in technology between the

"' developing and developed countries for a long time. Some
-new technologfes will spring up  in Europe, Ameriéa of Japan
~and will have to be transfesed to Other ¢ountries to& southern

countries and not developing countries . There is anothexr way

- way amund too and I would like: to. emphasize that, We

'”heared yesterday the ‘paper: from Indl'i ‘about drinking water

for’ the masses with the very simple technology and the tech-

- “nology '1s really froper to small vmages,. if 1 think of it, it
- 15 a quesuon o"f North and, Snuih |

Mr. Rossi:.

Dr. Grombach:

N WOuld we be right to say it is a pmblem of communication ?

:Yes it 18 T dgree. I see no problem in Athat concerning

- the consultants from developing countries. I feel that I can

bring knowledge and technology to the big cities but 1
must admit I did not feel competent in the rural regiond and
1 am sure the Jocal experience and local experts- and we



met one yesterday - can do a better job than I do or you can
do, Thus I say the only problem towards these local experts
is the attitude of their govermnment who will easily belleve
the fore.lgn experts especially when they. come with academic
titlea. rather than the local experts who have better opinions.,
That is wrong and when we say.the: local experts' opinion
should be considered the government will ask, what do I pay
you for? Then 1t 1.; very difﬁcult to answer.

Mr.PJ Harvey: 'l‘here are 2 different thing5- s

1. Bringing the demand to the. r;ousumer. '
.2, Bringing East to West,. ‘

As a consultant, to bdng demand to the consumer is our role
. especially in daveiophaq countries, : There 1s a rale for
- everybody. Bat demand is usually from government bodies.
. Espacially when the organization grows, -there are not enough
tectmical people to carmry -out specialized technology roles.,
As between them, whether the consultant {s local or foreign
- 1s again.a matter of whether there are enough locals or
S ..enough. kmwledqa _If they hawe enouch knowledge, then
~T el o they can do dt. Otherwise theymreed help from outside, Such”
outside help need not bring foretgn knowledge. Many consul-
.. .. tants have experience throughout the world and Indeed -+ 1. W
- ... consultants from.hsjan countries are bringing technology to
w. 777 1 the west, -That is-the market thirst for knowledge, From the
point of view of the manufacturers, I think it is a Quesuon
o -,of who has the. gmds 1o sell and who needs T, -
Mr, Rossi: . . Ihe consu'am;s ge bemnd fhaance and Asm has many
' . . government bodies who do niot accept local consultants. It -
- - 15 a Question of communication between governments and
e bemaen aupgyergand specifters or-sales organizations and
o the markgt. there fa'a great communication’ gap which local
) consuwaﬂta cmzlgfheip brldge. .

-,wmsng tcxrdo more, 'mey want to design
L the mthﬂing ttﬁa&t‘ - But reuabmth new de‘Veloments-mat
. 18.@ vety dmpoftant ‘thing. As & Bupplier working with a
~ty, e, @ conpultant 1t is-extremely difffcult to thivoduce new tech~
= . nologies forthey do not have the experfence and they do not
Soo.a0 s ogthe: resepons!bﬂity for whwﬁ they cannot be blamed but
w0k the other handy- ey should have ﬂexibmty and au.ow
3 a]temative deslgns.

A

AN



'rhe gentleman from Bangkok mentioned essemlany the same
= as longy as the deglgn has proven its vittues, then we have « ..
‘much sales but how about new developments ? With that
attitude new developments speciﬁcally for these areas are

S uselesswi .- T

. - _,‘,‘_1:43 - ST AT

Mr. Rossi: R This 13 the policy of. Assan governmerts, To accept what is

' proven rather than what. 1s mnovatlve bec:auae they oan't

afford mistakes.,

Dr.Osenga: It is no exageration that a supplier has w be one step ahead
: n - of his competitors 8nd one step shead means constantly hew
developments, but here 1t 1s :lmposaible for new deve!opments.

. .Mr. Rossi: One thing is whethm a mamfammrer iz prepared to spend

R RS time and effortras:he would in his home market. This {3 one
"of the serious drawbacks. The man-who'is building a whole
‘recycling plant'will-apend weeks wotking to produce a plant

-~ inhis home area free but 48 he is° asked to build a plant in
. ., Bangkak, it becomps forelgn expertise and he-becomes a

- -consulsaltant, How sre you gohxg tc do mat in Asia where
".ﬁwre are dfffer*nﬁ oaﬂdittohsi?

: Dr. .Oé_éng—é: o That mw my combany is fﬂfferent. Ba’uh unit we have in
. . the world works: entirely hxdepenﬂénﬂy snd the unlt in
Sl.ngam works :ln this area, mt ih ‘Eumpe.

Mr. Rossis ' Is this aiter aIl tatauy a quesﬁcm of wmmmcatton? It is
Tl T probably the wrong word to use but it is part of the communi-
Ca T cationw qap that we: have here: “Ove-thing fs that the industry
SETTRRURE TP | probab}ar fragmented. It'is v:nteeless beaause it is a group

w3t . of people spread over Asta, But With the weight of the group~
cas . o we have 100:thembers now - Mﬁfe Usten. We can ask them
Do L ety asam m research. There :s pmver in a group.

. Dr, Suhaimi: ”'Goxng back to JKR. As a govemmmt depart!nent. its. function
G e AR DO dﬁfferene froth. sther departments; ‘They have to obey
... Treasury c;lroulam. The problem 18 bveakii® through the com=
" "’munic:atim gab i vrder that the eguipment tan be included
- incthe Trédsury lst. As long as there 1s & communication
' gap in terms of fiying to convince, thé Frespective government
, departmams wj.il tend 'to favour equipment-already on the lst
R ;gciacm;ge A xhera j.g somet,mag wmq.ﬂ they wm not be
med,

" If thére M‘_'é'-héw'mp;ﬁugt._w@ would lﬂce: to get independent

71
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.- opinion whi,c.h we. ﬂﬁnk 1s not. the suppHer's. If there is an
. organization whigh the government department can consult
paﬂ;aps there. will b& a lot more.weight.
BepauSe 1:, is @mwi »thef few Qmamzations, we have not
e restricted membership: 4 any shape or form. The composition
LT T of the Associatipn s made upof: suppliers, consultants.

PR SO QWemments.f epeotfiers, etos - e

i We h awe f.ounag mé grwpmg suoeessfui and a water assoe!atlc_m

el ) " can goa jong, way. to break-into.that list in JKR, I think the

- subject is. nawraiay leadzlng to the tonstruction’ "of this- bridge -
 as.the ﬁmt Wm'kshcap sesston:tomonrow morning +1f thig con~
_ference endad. with just a set of papers being read, it would

not have achieved much. Do you think the bridge of the gap
L is a perunent subject for the workshop tomorrow morning ? I
o ‘algould meuum that the dissemination of the proceedings may
. be many times the attendence.: 1.#ind that in Asia proceedings.
- wiil go on moving cut of the ofﬁce for the next 3 years it
. water.quality.as a subject ior* mrkshe;p session may hot be
. quite suitable whex; the muutrﬁes are having d!fferent water ..

..”__'_..‘luaﬁnr.é_ R |
" Is there any nesa atallfora w#ah@p tomorrow‘?

i

PRy \4‘5:,.

:.‘~. ‘I believe there 4s.a mkneed Mc.an we ach:leve anything
from the workshop? Lt g B

A Unforumatem I R
_ :,, iw a wotkﬁhﬂp peeple speak more easﬂy

§ -7mg£on or As!a 15 going to be very high,

is; tecshnology for water Quality management will

AR knmowed and if ﬁae technology is improved for this region,
... then there will hegm ed for gemuq atogether an the suppHers

‘ ;';'that Wmmm‘w@aﬂm vyﬁp. But ﬂ”w:ﬁaai that conciousness for
_water quamy ig. m;st vew high, tham it “is perhaps not yet me

7 oo “Therefore’ s mwaami&w 15 one of the posslble
- bddgas m au forms, shapes and sizes.

ot . he thare tomorrow: mor,mdg or aftemoon‘,,_._.
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- Jdea of water cfuality ma :
o+ agadnst yourself,’ Por thé Agsceiation it should be more

Can-we see'a Bhow of hmaﬁs;,“
L. o Bttending 7 There will'be' & wor
‘enough participants -atténding. 1t will start at;9:00.a,m,

" in the boardrodm, We will try to £
whwh wau&npubush.* Mot

L cm w m mme mare

" Mg, Roseis:
P lmow the difficulty we had tn tryl
;o o cfoomiBingapore. Edther they-did no

i ot need to knbw, T think” we have ‘dne Singapore delegate

only. In every other branch and dmmn. it is §mpossible

 76n

I am in favour: of the warkshop and I thin your original
t is 10 be defended even .

general but for the workshop to. orow, I think we should
have one and I think it should be about quality because

‘conciousness for water quanty 18 one of education,
. Bverybody knows that the” omc:lousness for water quality in |

in the Westam world' is ndt a hundréd years old perhaps

.50 years old or'20 years old in some countries, or does -
- not exist at all. If theré'ls condiousness for water quality,
. it is be cause people ‘Hke-us have’ said and talked about
. it again and again and we: ‘£dnq" ‘some arguments. that
- .ctn be used towards. th'e bﬁﬂttclans or economists who
.- want to save money: bec#
- dirty water, and’somé of us'go fidme’ and have some new
. - -ways-of saying it, tben it wits' worthwhile. It is just that
- . this conference was so pborly’ visitedl and.have so few
'.;;-'.»fqnﬂaudam W&t m shwm t&!h abom 1t. o :

: 4t 15 krmch cheaper ta have

Im\lﬂpon it fmm the enviromnentauﬁ‘t point of view, I

. think it#s dmportant that we ‘consis

.. . problem even {f support for, this {

+ - high becauge water 45 becoming a. qc:arce rescurce so that .
‘ ﬂw aasociawﬁn rzari ‘be- férmed to %t a8 a catalyst. |

¥ seripusly this

oughats
el ing

grence 1s not very

Tamin: mvmur‘-. but we' have to a,s'_ i:ﬁe participants who
will be atteﬁdhg. L Ry

p) tomomw as we have

Aip with something -

I wmﬁd fhe speakmg \pahel ‘from' 'Mgnila. You do not -
10 get participants
vant to knowor. did

to get thelr cooperation. There are 2 things to cover, the
- Swbjest-and the method of getting 1t across' 50'we will
hmﬁ mhmm ip = :

; A




LARGE AREA HDFE LINER SY.‘::'I'EM

by Dr. Ing. E.W. Knipschild, Schlegel Engmeering GmbH, Bredowstr. 33
" D.S. Etter, D~2000 Hamburg 74, Federal Republic of Germany

he Schlegel Arga Sealing System = L
Increased environmental safety standards in recent years have led to deve=-
lopment of new and improved sealing systems including sytithetic liners of
polymeric materials. A leading system from both technical and economic
standpoints amohg synthetic large area liner systems is SCHLEGEL* sheet,
a heavy duty HDPE liner produced in particularly large individual sections,
The dimensions of the system required development of a unique technology
for production and jointing and. offer numerous advantages, espebiauy for
large sealing projects.

Raw Materials

Extensive field experience and materials testing has shown one HDPE resin
particularly well suited as a synthetic liner material for large area sealing
applications. This resin is a HDPE with high ﬂexibi.lity 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, Ancluding:

Lo tensile deiormau.on properties .
- behaviour in aggressive media
- flexural fatigue properties
- Dbiaxial tensile strength under compressive lpading,

this material fulfills the requirciiciiis of today's liner tecﬁ'ﬁology 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~

o . ;
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* Reg:ls tered trademark of Schlegel Englneering GmbH, Hamburg, Pederal
Republic of Germany.
** Registered trademark of Chemische Werke Huls Ag, Marl, ,Federal Repub-
lic of Germany.



pendence on density of the resin and thus its cristallinity. In addition, pol=
yethylenes in the high density range can be expec:ted to show extremely
good long term weathering resistance, '

Quality of each incoming vrawmater-ial 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.

'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 prefabrication. The thickness
can be varled from 1,0 to 4,0:mm, the standard thickness produced is 2.5

. mm, Dimensions and tl!uckness of Bheet produced are tailored to:the needs
- of mdividual projects. L _

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. i : -

| The individual SCHLEGEL sheet sections are jointed by means, of extrusion
welding conducted with welding devices automated to alarge extent, This
process gives mechanically sound and watertight bonds under, field condi~
tions. (tside disturbances, such as changing ambient conditions are com-

pensated by manual adjustment or automatic control of maph:lne parameters,
such as hot air temperature, welding speed, etc.-

As in the product:lon process, :Lnstanauon quality, in particular weld seam

quanty, 13 assured by internal control as well as inspection by outside in~

The application fields for SCHIEGEL sheet liner systems can be divided in=
to three grou ps- .

- G:ounq_w_ater Protection - -

L



- Sealinq Systems for Conduction or Storage of Water and other Media |
= Seﬂlm,ﬁysﬁgms for Stmgmms SERCTE g =
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A new development in the disposal pit planning saector has emerged over the
last ten years. Previously, plannina for disposal pit was limited to simply
determining a suitable location from the standpgints of availaility Sfnatural
sealing layers and local pollution ordinances. N W, !.ncreased emphasis ls
placed on design and.construction.of synthetic pesling systemss In:thig .

a ppumtmg.ield, where individual projects on the:order of several hundrad e
‘ ﬂnouaw m* aealed area are encouptered,. the advantages characteristies of
largemrea liner. sections 'such aa SCHIEGEL shegt can be utilized fully.

Both tbg large area of the individual.liner sections and the liner thickness =
are of dec,isim importance, especialy in projects of this order of mmimde, »
as the;se propexxﬂgs gasure low spaeific weld seam length, 1.¢. ¢aseand -
security In installation,.and the physical. strength.required in. the installa~ -
tion of such large scale projects. e _

D*A-.‘; _"
i Sie w

Sealmq applications m the f.ield QI g}éund water pmtecuon m&.tude*

-Ia'..v‘ E

- lDisposal basins for munteipal, industrial,m othez mtea A
= Basins and landfills. f@rgﬁjama}.‘ of.oil sladge or oﬂ:enmﬁﬁal: .

- sludges
-.12, Cotchment basins | and. sygtems: for amer pomuai mum m
tank ms IR kR ,n e BT Er R T

- Rptanmbﬂsm:; for conmdmtad surface water crTar U
W stations . loading stations, stomee iwuiue# mwm
' gtations sigiiev e w R
= ‘Road in regions which ara -sources of potable water

The increased emphasis on engineermg solutions %Mﬁe a»pp;‘.lmm o -2
apparent in the activities of GiZiclia technical commissions entrusted. wlt.h
drafting .of mune@ for: maauaﬁm m.tesmm plEstic: lﬁ:eh :Oh
for Constmc:uqn Engineering) ip B@l@ nhmm ismied. Bn*oﬁiwmﬂﬁweval
document; qar SEates ', ,;;:he suitqzbmgriaf SgﬁlﬁGEiahqat ic:x: use wﬁealm

nt, g kq}%ﬁﬁﬁﬁﬁhe%amﬁl% nwwd ‘ms m ih- ground y:aw il
Joationa, I the.conrse of hoth:a : medmgswwma-#

rized Gemn anﬂhusman testing institutions conducted extensive temta’:»a: 3 5o

- concerning the agpuc:atian suitability of the SCHLEGEL sheet. Asa condi-
tion of ofﬁnial a pproval in ‘both- casas, the Suddeutsches Kunstswff-Zenmtm

o

] i . “
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. (mnsl- SQuth German masucs Conter). an ommuv mtmg fn~
- gtitution in Wurzburg, Germany conducts independent mapecttom of the

SCHLEGEL sheet production plant and internal quauty control on an upan=.

nounced basis. Similar approval proceedings are currently in‘fogress th

- several other Buropean oaunms as well as 1n ﬂw Umud States. .

' ‘).'he typa of problems posecl i this: 'abplication ﬁeid 1s ‘stmilar to fhose
found 40 conventional hydraulic engineering projects. Sealing applicstions

' in conhection with water onduction and storage are m:narny found n new-
ly industrialized.aveas. or ¢ultivation projects in aress. previouslv not used :
for agricultural purposes, areas inwhich: vonvmmnal mawtials and mineral
sealing matesials are often difficalt to obtein and install, Soluﬂpns 10 these
. problems using HDFE Uner-systems have proven to be tnMactw Mlh fmm S

- a ummlmdanemmlethmefo aectors .z »

= Full. perimeter lim.ng _o! canals and rivers ior mulon and nama-

~ tion pm‘maes
-, Lining of dams and dik.eq m connecuon wm; canals. rivera and

hydxoaleotrte prbncza

Convenuonai maﬁem,ls mwh as aw. loam, bitiumen, and eonarete are stm
often selected over plastic liners because of unsatisfactory performance of
thin plastic memhranches emplowd Al the past. Ham%r. recmnmendbd

. M e :"; SRl .i:"

R P

RS SR

BCHLEGEL uhm d:a uaua!i&r cmlv empﬁoyeé m suuamma if the sealmq sys- o
tem is.to cover 2 relatividy Jarge swrface or must bmo! particularly high -
Toquality. Todw mmwam technology usua.uy calls' forthis pl&stw
membranes: or bitumenous layers for structural sedling both!fixed 1o the '
structure over thelr entite sarface.  Pull surface coniivetidng suc

. have the advantage of facilitating ‘Jocstion: of 16ake, as laﬁrarl" ueﬁﬁ&e’ m
ihe unum aystem 18+ hloeked* on ﬂm mher hand, demmaekm_ behavio\.w 0!
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Avplications.

SCHLEGEL sheet has been employed in large area sealing projects for over
seven yeats . In ground water protection applications in Germany alone,
500,000 "& 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 profects in the United
States and the Middle East ranging 1n size from 300,000 m“ to 600,000 m?
have been recently completed,

Most hydraulic engineering or ground water protection applications of
SCHIEGEL 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. Pigure 1 illustrates 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 off in a quick and secure manner

More detailed information here 1s. given in other publications.

Whereever possible, ambankmertslopes 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 rellably 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.

Site installation of SCHIEGEL sheet is conducted without exception according
to the installation guldelines set by Schlegel Engineering GmbH. The first
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step of the overall procedure is: de,sign of ~the liner, :tnoluding an instauauon
dj,agram s pecifying positions o’:‘ th‘e individuat‘liner sections, The lner sec~
tions dre transported as rolls Tom in diametét and’ 10 m wide to the ‘site. -
Each roll is: accompanied by documents identifying the raw material’ used in

production, the date:of prodhction, and the result of quality control testing. . |

Progress. of ins tailattgr»work s recorded on the" installati.on diagram along
with pertinent data such & weather coﬁditions during um'olling Unrolling

Ifaoe of. the, oubgrode. iThe unrolled sheet sections must be positioned with
sufficient gverlap for production of weld seams. All weld seams are produced

.I

e

by trained plastics welding technicians using special welding devices auto-

piated: to a large extent, Weather conditions during welding, including pre- '
e o;lpitation, relative humidity, presence or absehce of solar radiation, am~
b:le.nt tem perature, are recorded in a welding report form alony wi.th process
pararheters ‘such as extrudate temperature, welding speed, and temperature

E ‘of hot air preheatirg system. All welds are tested for continuity and strength

. in Soh.legel internal quality- control and/or quality control by outside firms or
,institutions _Continuity testing is conducted on all overlap welds using non- . -

destructive ultrasonic testing equipment; testing of weld strength is by.
determination of tensile yicld strength on a ‘random sample basis, Samples
for tensile testing are seleoted in accordanoe with the lccal contraotor of

. official auﬂ'xorities ’

| geneous spdts locatedi-The points of removal for the tensile test samples
- are recorded in the 'in$tallation ‘disgram, An additivnal testforweld . -
continuity which can be carried out insmall basins is actuai water fi].l.ing '

v

The reSults of the. continuous ultrasonic testing are recorded in a complete
site report specifying the quantity, type and exact position of any inhomo-

with subsequent control of the water level,

(-'

,'SELECTEDINSTALLATION PROIECTS L

Wast posal Basin

This industrial waste disposal, basin constructed in the German state of

- Nordrhein-Westfalen is an exemplary solution for safe disposal of chemical

waste products in that several complementary sealing methods were combined
into a high securilar overall system., The final size of the disposal facility -
.will be 250,000 m® of which 120, 000 m? have already been lined with
SCHLEGEL sheet,

'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 m2

under favorable weather conditions.




This disposal basin for municipal waste located in an exploited gravel pit
‘roughly 30 km 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 SCHIBGEL sheet, comprlsmg almost 80 000 m lined area, -

A high quauty Uner system wasg requ;red for this disposal £aeility due prima~
rily to subsequem operational cmditions, :lncludmgf

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

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

~ Long. term weathering exposure of embankment sectkms of liner un-
covered due to high slope. '

Ofall seaung_systems considered- in the selection process, only SCHIEGEL
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, .

Construction of this sludge disposal facility was begun 1n 1974. Installation 5

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 the soft sub~
- grade. The total lined area in this project is roughly 125,000 m™. The suit-
ability of SCHIEGEL sheet. for this. particular application was conf ined before
beginning ‘construction by laboratory testing for resistance to the mdustrial
sludge stored as well to outdoor weathering. A particularly important: proper—
ty of the lner system in this application was waterproof and- ph)islcally
sound jointing at the horders of installation stages, i.e. welding with
material already exposed to the elements for some time,

Exploitation of large surface coa‘l;depdsi:ts by strip mining fequiréd filaplacé-
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 ensureé workable conditions in the
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strip mines in the sumund.&m area . wm.ch would suhaeqwent,ly mach a depth
of 50 m below the surface.. . m b, qpveradm irimeter of 18 m as indica~
ted by ca;culagions of: mé;rmer'sa”_ rage cross; sedﬂﬁn-‘“ﬂmmmmw on.
the subgrade beneath the liner werg tbe same as’those for earth basin
‘applications; ‘After conpletion of m.a@ixw,lwelging, and quahty coptro,l
 testing of the SCHIRGEL shebt Linier, a sandy aravel covering layet was _
" japplied which In turn wa$: thel: cci«‘r’efed, with rbck’ paé:kmg‘, Approximatély
28,000 m* of: iimm were instaued in this pfoject..% Aqa;.ﬂ, ‘the decisive factor
. in physicel:strength and good:deformiation. properties in the. light of the nature
" of the soft su‘bgrade, i, e. its msgeptabmw to settlement‘ ahd shlftmg.

?_Disposal of by products m the oil drﬂling mdt&_ w. Eor mstance sludges

T r_'rgencountered in initial phases of exploitation, must be reliable to ensure

-+ protection of the ground water supply in neighboririg areas, The disposal
facility jJllustrated in Figure 7 is an earth basin litied with SCHLEGEL shéet .
- on the embankments and floor sections. The installation plan illustrated
~shows the logation of the indjvidual sheet sections, 10 m wide and varying
in length as requireduby the basin dimensions. The total weld seam length
~ was less than: 700:m, :-The width of the individual sheet sections proved
"=-especiauy advam;adeous on the concreté émbankments as no weld Seams,
were required herej<only mechnical connection to the conrete structure,
‘This project is an exemplagy solution of its type for secure dis posal of _

potentia), po.llutants of the oi.l drillmg industry . R

r w. Knipséhild R. Tapmgce K Twnow GroBﬂac:hen Dichmngselemente ‘;
. aus Niederdruck~Polyathylen (mamig large A;ed HDPE LineY ?émtio;;s), e
W 4/77 PP~ 154-1160 ‘f:Karl—Han r-VerI&g, Munlbﬁ"'-“
B AN xmpschnd, Stand der Teehw; dembdmmun vt:m Depomen ige Hm*}:
. 8B werkdtoffstoffspezifischer Sicht (Transl, Today's Technology of: HDP,‘E \
*Dis posal Facility Iiner Systems from'a Materials Sciericé Standpoint), Mull
| " Nurpber 15/1979. s 40-47 Erich~Schmtdt~Ver],ag, Bgru;n/
Bielefeld, Muniﬁh P A : _

.'i- ,f P 4

NN, Untersuchungen Zum Altemngswerhalten von VESTOLEN A 3512 und A
4541 (Transl, Report on Weathering Registance Testing of: VESTOIEN A

3512 and A 4541), Chemische Werke Huls AG e e
F.W, Knipschﬂd, H. SChne.i.datﬁR,,,,‘Ilapmm,_ Qualita!.ssictmmng bei der ‘

"'.
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Herstellung und Verlegung groBflachiger Dichtungssysteme ('I‘ransl. Quauty
Control in Productién and Installation of large Area Sealing Systems) Appear-

ing shortly in Materjalprufung. <L

SIA-_280. Schw&izér‘Ihgehiéhr-und Architekten—Verein. Kunststoffdldhthngs-'
bahnen, Anforderungswerte und Materialprufung (Transl. Association of
Swiss Engineers and Architects, Standards and Testing Methods for Synthe-
tic Liners), Standard 280/14 s
IRBD Friesecke, Richlinien fur Deponiebasisabdichnmgen aus Dichtungs- Sy
bahnen (GuidelMues for Synthatjc. L

Basins), preaentation during "Hays, der Technik“ Semlnar 1n Esaen, Federa.lf
Rembnc af Germany, May ,8 9,‘ 1979 2 ‘ o -

Institut fur Bautec;hnik (TransL Insmu'te of Construct:lon Enqineering),
Berlin, Prufbebche“id PA-VI §82.vom:November 197§, Dichtungsbahn
"SCHIEGEL-H&tte" aus, Niederdruckpolyathylén VESTOLEN A 3512 zum Ab- .
dichten ‘'von Aﬁ‘ﬁamwannen ynd Auffangraumernit'bét der Lagerung aller Koh~ .
lenwasserstoffe auch im Freien (Transl. Test Certificate PA=VI 682 of
November 1978, Concerning Approval of HDPE SCHLEGEL Sheet for Indoor
and Qutdoor Sealing Applications in Catchment Basins containing Hydro- R
carbons).

Magistrat der, Stadt Wien. (Transl, Municipal-'Ceulicil of the C.tty of Vienna), .
Veroddhung des Magistrats. der Stadt Wien uberidié Zulassung der SCHLEGEL~
Platte-als GmBﬂachandichtungselement MXA 33~5-200/78 (Transl. Proclamar
tion MA 35*8 200/78 of March 1979, €oncerntng Approval of SCHLEGEL . . .
sheet as Large Area Sealing System. Component).- F.F, Zitscher, Empfehlung _
fur die Anwendung von Kunststoifen im Erdund Wasserbau (Transl, Guide~
lines for Plastics. Applications 4n Earthwork and ‘Hydraulic Construction:;. =
Projects) Qﬁe_&&ﬂmﬂc No. 4/1979(, pp. 112 119 oy ,,v‘._w; v

2 o hyy
Y
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ECONOMIC VALUATION OF THE, LAKE WATER Aﬁb WAZER POLLUTION ABATE~
‘MENT pnomcrr |

by Dr. Ben Chien Liu, Midwest Research. Kanaas City Miﬁsouﬁ. 6411,
U.S A.

IR

The primary objective of this paper is to anayzq !hrough a welfare h\odel
- of afficient resource auocnatwn, the value of fresh lake water as. daplaum
and/or non-renewable capital resources under three major categories: the -

stock attributes, the flow of goods and services, and the mmmogicany

transformed resources through the productive and consumptive process with
the flow and the stock input-factors. A recreation demand model is employed
to ulustrare conceptually and empirically how dﬁfarent economic values for e
- fresh lake water might be derived or esﬂmated for :lmpwt asseasment under :
the National Eoonomic Development Acocount. o _ .

Mﬂm
The science of economics deals with the problem of how we can best utilize
soclety's limited resources to satisfy our unlimited peeds and promote the
general welfare, It is essentially concerned with the Menuﬂcauon. allo-
cation, distribution, consumption, and expansion of resources over timeé so
that the overall social well~being and quality of life of human beings can be
improved and enriched. - In other words, aaoncmlc:p 16 a study to identify L
what stock of resources is available ‘and what and how geods or gervices can -
ke most efficiency produced and supplied from this stock pér 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 necds;
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,
cotiservation, 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 Egonomic Development (NED), -
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Regional Economics (RE),. Bzwironmental Quauty (EQ), and éc\c:ial Well—Baing .
Improvement” (SWBI) for froject impact assessment and evaluation. While an’
increasing level of environmental awareness ‘has caused concern for the... -+
diminished stock of aert,ain drinkable and. swﬂnmable fresh lake ,water there

are contficting opinions regarding the value of resource consetvation.and,.

water pollution abatement, let alone the divergent evaluation of project:

impacts in these four accounts and: the interdependent r.rade-offs. -

The primary object.lve of this paper ;s to seek altemative means by which

the value of fresh lake water can be explored and assessed 80 that both tvpes
of values--the nonrenewable resources and the consumpuve uses can. be "
better' deffned and the cost—effectiveness of the lak.e restoration. projacts
adequately evaluated. B R T .

Fresh water lake resources, whether the existing stock of water body, the
terrestial and aquatic, or other natural resources directly attaq:hed to the o ».
water body and/or the aquatic resources, should be valued as a. capital
resourcé, 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.for goods . ..
and services) over time, and the. flows'are utilized, directly or indirectly, - -
in satisfying- human needs. and wants: The kinds, quantity, and intertemp~ - ;.
oral-patterns of the flow of goods and services transformed and produced

from lake water dépend upon thé complex inter-action of man's resource an-
ocation decisions with biological, geological, hydrological, and ecological
conditions over which man has litle 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 Counclil, 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. Ecenomlc 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 ind:lrectly
as a result of-complex-interactions between environmental factors, (e.g.,
lake aesthetics) and human needs {fe.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 extramarket fashion and frequently
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are valued at either zero or nominal price. Furthermore, the social oppor-
tunity costs of these capital rosou,xqgs have hardly been addressed,

The welfare considerations of lake water restoration and the associated
economic valuation of the lake restpration projects may be analyzed thr..gh
a neoclassical model of utility maximization 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 cimilar manner with the supply and demand cleared
in the market at the equilibrium price. lavel and all individdals assumed to

- be rational consumers -in that(’*- ‘7always attempt to maximize their utility

. or satisfaction subject to their budget and income consu-amts over time,

" . The intertemporal utility function for individuals of certain’ preferences for cer

.- gertain lake stocks (S) and the flows of goods and services using lake water

body or fish and v species as an input Q) may be" expressed as
follows: _1/ BERTE o

where x 15 the amount of other gggds and services consumed by the indi-
vidual 1 in time period t. o o

The ransformation function of: lakg: ‘water‘and Its assoclated attributes TSy
depends on the natiral character tics of the existing volume of stock ,
resources and the rates of improy ement or growth (G), and quality and quan-
tity changes of the attributes;: suo,h as catching of f:lsh or wildu.fe species
haweSt. (), under consideration SN L _

"(l“’;- o

16 e T <G<sm> -H) L@

A-and the production relationships between Q and X are the fouowing, with R
the' amount of composite resourde hputs used to produce both Q and X'

| Qt = ,Q(Ht. Rtg)

The oOnditions for optimal mtertempoz'al resource allccationé ate obtamed
by maximizmg a social welfare function encompassing indivlduals in the

!

.- i
il

(1) 'I'he lbke water bodies are. general terms, they refer.to. the oVeréll capital ;
resour‘ce including the entire ecosystem and the population’ stocks, of ﬂsh,_l
and wﬂdlife ‘8pecies living in or around the lake. .

TR
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present and future generations within a finite planning horizon. Following
Baumol and Oates {1975), R, Smith (1975), V. Smith (1978), and Miller and
Menzi (1979), the social welfare function to be maximized is

V = V(Ul [ Y Un) | (4)
Subjeot to the following ooastraints'

E1Qy, 8Q, = or TCED -H = T(S;) or *

E%{ S}gt G(St 1V = 8t fl H¢ for stock changes,
t R, B8R, quantitatively or qualitatively. T

To maxim.'lze the social welfare, we form a Lagrange maximtzation equat:lcm
with appropriate multipliers:a By 8 & 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: ' . \

L= V(Ul ...Un) Eag (Qt - EiQit)_*EBtO( Eixit) ()

N EY;- (Rt - R
-, GGt 1) CHy)
dt (Qt = QEHL, R L
E?t W = XRD U e

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-tiogative / .

amounts of Q,S, and X in any time period t, the necsssary conditions for
utilty maximization are that the marginal rate of substitution (MRS) between
goods Z,8, and X in time t must equal their res pective 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,8, and X, For any individual
i, 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 8 must
equal the ratio of marginal.resource costs between the two periods. \

Let us consider the supply of lake water goods and services Q4 f =1,,.. -'"
s Physicauy, 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-
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pits such as the dr:lnkable and swinmable 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 t:ravel costs mvolved (E) .

Qt ': i h(At (St )Et; Rtg) J-:\'_ R ,

Recognizing the rangformationiand production mﬁationshtp betweén ‘S and.Q
through H,. there exists obviously an externality -ty pe rélationship between
the stock and flow variables and hence the side~effect and/or cross-impacts
between Q and S, In addition to their independent values, there are also
synergistic values between the two. For example, cleaner lake water is
definitely better for swimmers and fishers it not necessarily good for scarce
wildlife species. For us, then,, lake. Water has three types of values: the
existance and the uniqueness at a partibular point ih time (8), the goods and
services produced from the lake water per dnit of time (Q), and the resulting
' interaction between 8 and Q over time through natural system changes and
man-pmade improvements., As a result, the demand for the stock and the flow
of goods and servites which dre produced by lake Water attributes ‘of datis-"
fying human wants, or-utility maximization, may Pe expressed’ as a function
of the opportunity cost or the:, wiuingness to- pay (WTP) ::mdl the cost of the
service supplied (COST): ' _ Sk e T B |
v Wis Ce bren e
ne I.f W I. Qt - F(WTP )’ aQ/af o,az Q/afg vy 6 O)." . (8) |
Q = I—’(COSTt) aQ/af . 0,8"Q/af" o <ot T
It is fairly clear from Equations- (1) through (8) thar{ we’ ha\)e ﬂlustrated a o
model for valuing lake water stock and its as gociated goods and services
from the individual factor input demand and marginal utility framework. .
Specifically, we suggest that all human beings are rational ‘and they all
attempt to maximize their uciiity, supject to taste; ‘time and’ mt;‘ome con~
straints. To maximize their utility, they demand lake water attributes,” ’
either transformed or untransformed, 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 the B
goods and ser’vices. _The demand curve for the goods and serVices is’ nega- .
tively sloped with, res pect to WTP or cost if they are riormal goods and
services and if the marginal utility derived from each addftional unit dimii
nished after a certain level of total consumption 1s reached, all other faotor
inputs being held constant. - e o
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The general conceptual model for valuation of lake water may. be summarized
asfo.uows:"

. v bt 577 )
. _.i; . i ‘:‘-d-.kf -
%

ey h&_\m : si.ake watef Is a ca »rea;mweswhose value qap pe evaluated fxom-
T EEMG )
1. Btock characterisﬂos of the exiatenué, unlquenéxss and/or non-
“renewability of the lake water itselfs .
2. Plow characteristics of the input factors that. thg,}ake water direct~
..y and indirectly provides for the pmduct.lon and gmnmption of
‘goods-and services; and
3. ‘ma synergistic characteristics of (a)° and (b) augmatad under
e igarying biological, nahn'al and’ huﬁlan forces over time. Lake
: :"‘-’ water ‘and 'goods and services: .produﬂe& from_the lake attributes
.- are demanded by utmty-maximizhiq ﬁ‘}diviﬁuals mmtemporally
" and intertémporally and are thus Valued differently among indi=
viduals’ according to their marginal umity and cost comparisons,
N and mawma?.t mtes of su’bdnumon and transformation calculatmna.

o j,"mg.ulake mber Mdles have been considared as capltal resources, Since

- "the are primarily publicly owned, capital. resources ‘and there are complica=
T ted blema suchag” nonmarketabuiw, indivisibility, -externality and social
welfare interdeterminancy and uncertainty involved iy’ ;Srrcmg the stocks

.apd flows:of the réd8arocs” fnom the eller's reservatpﬁ gz-tqe (t.es,. the

minimum-price at which® ﬂw , /llng to sell), the.
 last seof qnsme’s{ts a-dqma odal in ing-the ‘v _lqm&ofzme lake
watags, ‘a demanid Todel for-evaluazion:has béen’the most popular

- and mmmny acceptabld Apgs ach for empirmny"eswnatmg the eco-
* nomi¢ yvalueéof goods and; ner&icea_ irihiqh sre-fixed in'Supply at any time,
Undar th@ﬁxed supply a#s'umptfon ﬂ!e demang ‘curvé, which resembles the
. . wmw&mm; ' w8 :he d”alue of :he wdcda or |
sefmes a&thown'%lew i

: '{m' _=.?~""g

W




The:demand curve, DD, shows the faximum wimhgness to pay for the ser-
vice at a fixed supply of OQs. The maximum value or willingness to pay
“then OV, and the consumer's surplus is hence DVM. Given a resource alter~
ation that increases the démand by shifting it frém DD to D'D' the value of
the ﬂxed service bec:omas OV' per untt, |

If tha supply of the sewwa is not ﬂxed and the atmbu&es of lake ‘water can

" 'be physically increased (or decreakch) thtough fus&t@e managemant dect-
sions or other natural system alteration, the supply fo.Goods and services

is reprasented by positively sloped 8'Qs. Under thls condition the equilib-
rium price OP will be employed to derive the value of the service being
studied. Thus, OP'ié a market price jointly. determined by the seller and the
_demander, Market pricé are the prices at which trade takes place, in this
cage trade which resulés in the diversion of resources from their present use
to the proposed use.’ Trade takes place between a willing demander and a

" willing seller if and on.ly if the demander's. willingness to. pay is equal to or

' greater than the seller's willingness to accept,.e., the reaource's social
oppotunity 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 costor resefvaﬂon*pr;lce {5 met
or exceeded by the buyer's WIP at the margin, The corpesponding cor;gum“'s
surplu*é is thus repteseﬁted by the area DPN under the old demand curye..

the ecnomic valuing cohicept stressed previously 15.the. marq!nal qtmw
theory; which cons:ders ‘only that the maximum wﬂnnqwgg to: pay may over
(or under -) esumata the ‘valye of the lake water m&awf goods and services
by VP (OV minus CPY degending on whether or not the resource supply s
fixed,  Similarly, e difference may al.sp rresult from externality or the
syndrgistic im bt Ee‘t#een resource stock. -and resource flow interaction.
This  problem’ ey Be avbided If the' social oppotanity costs of lake water
atwributes Snd sét&ﬁ%& are predetermingd. However, empirically this 18 not
thig das T Most eoondmic valumg are geﬁeraw aonﬁmed to tbw demand* :

trlhutes. let alone the value assesament on detem:mtmq or deplet!m lake
water stocks and the cmss-lmpacts of the smk-imw n‘asfomanom amd
dnteractions. _ , ; N

In addiuon to the fresh lake water supply; one bf the most significant de~ .
mands for clean lake water or lake water restoration. is that for outdoor
recreation, The number of trips for outdeaﬂecreaudm that each individual
participates in, including swimming, fishing, boaung and even picnicking
and walking around the lake, aré apparently popmvely related to the quant-
ity and quality of lake water. To economically value the water quality
improvement resulting from the lake restoration projecta, it is necessary that
the demand for lake water related: mtdmrwcmaum be investigated and
studied, since the marginal utility underlying the demand schedule may be



em ployed to approximate the generated benefit from water quality improve- )
ment,.- ‘To be specific, economisl;s frequently employ either the wullngness

to pay approach or the consumer's-surplus concept, to derive. cn the average, _
the marginal utility (or beneﬁt) functicn for recreation,

To develop such a recreaticn demand model for lake water 1mprovement bene-"’ |

modeél of indivldual utility maximizauon.. Usj,ng the vOn Neumann-Morgens- _
tern apprdach to.the theory: of degisionmaking under uncertainty, followed =
by a similar approath employed by, Glawson and Knetsch (1966) ant others in -
utility maximization for recreatiohal analysis, the following section illus-
‘trates  how a recreational demand model.can be develcped for water resources
valuation and pollution abatemenbp,noject assessment. L '

The! most direct and signﬁicant 1m pact of a. lake restoration or water quality
improvement program on human: beings. probably les in the satisiaction 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 normaily played g relatively more important role than as a water
supply. :Consequently, most studies of project beneﬂ.t evaluation have
centered around measures of recreationa beneﬂts, as does the propOSed
BCCIPA mcdel. TN ,

Water quanty, or 1ts 1mprovement,zis Qf value to us not only because it is a
capital resource that can satisfy. human needs and wants, but also because o
the avallability of quality water per ca pita is decreasmg over time as popu-—
lation: and pouution sources 1ncrease.,_ i -

Scarcity Creates more value. As a result of the relative scarcity. of a supply

of clean lake water, it is more. valuable to us_ today than it was before,
Hence, to measure the benefit of a lake restoration project necessitates
measuring the human satisfaction derived from the consumption or use 6f thé'
lake water, i.e., the utility of lake water as valued by the human beings
who consume (use) it, 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 util.:lty theory that underlles the
demand- =t:urves discussed in the. last section may be emplcyed f.orvalue deter'-
mmationu . .

Aa lcng as’ trade and exchange are feasible under variols marke‘tmg condi~
tions, it is well known that price is determined Jjointly by the supply ‘and
demand 'forces in which the marginal utility theoty 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 forcee. Nevertheless, fewer marketing conditions

exist presently for lake water ahd its quality level because most lake® are
bublicly owhed and the exclusion jrinciple doss not apply here, " Thuky non~
marketabiiity i8 one of the obstaclés in assessing project benefit quantita-
tively. In addition, there are other problems, such as‘induced or derived
demand, externality , indivisibility, interpersonal utility: incomparability,
etc., which -may impede the conventional demand approach for valueing lake
water, For instance, clean:lake water may increase its recreational value
to swimmers, but an increased number of swimmers may distirb the fiShing
environment and hence deoreaSe the recreational value to fishers. o

The dominant and still most difficult benefit measure of lake restoraticn is
the improved or increased recreational activity directly resuiting from the
project. 'rhe use of reservoirs and iakes for recreational activities ‘hag, been
considered "tangibie + - They have been evaluated in quarttitetive terms oniy_
after authorization by Senate Document 97. The inclusion of récreation be-
nefits in the conventional B/C snalysis is certainly a great advance over the
previous B/C.studies that did not count recreation benefits at all, according
to Herfindahi and Kneese (1973) :

Several methods of computing reoreation benefits have been considered, in-
cluding the conventional fedgral agency procedures: '(FAP) based on'an arbit="'
rarily assigned value of a visitor~day; the Hotelling (1969) and Clawson~
Knetsch (1966). approach; Gum and Martin's {1975) monopolistic approaéh-
Cracker's (197 1)-expenditure approach; Cicchetti, Pisher and Smith's ‘eco-

. -hometric. approach; (1976); etc, However, becausé 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 by:Hotelling,. Clawson and Knetsch, among others, are
employed, Inother words, the value of the improved lake water quality may "
be reflected by, the changes in the consumer's eurplus ag’ computed tmdet
two demand curves for lake recreation--oné demand curve before and another
after the project.

Simply defined, consumer's surplus measures the surplus satisfaction that

;@ 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, es pecially the

I
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water quality hnprovement impacts on recreational demand for watemraft
activltles- '

The demand curve is used’'to measure the recreation benefits throuqh the con~
sumer surplus change for each type of activity that people participate in,
Without shifting the demand curve, the increagsed 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 wu1
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 meaaured by consumer surplus- ,

% . Number of vtsimuons wiﬂwut the mject. baseline information.
J. -« - Number of vigitations with the project, first year. _
C.‘ngc Ctmsumer's surplus without the project.,
CGCIAJAO » Increaged consumer's surplus with a constant demand in yoar
' ones |
'CzCAle 'Net recteation benefit, or mcraased oonsumer‘s mu'plua with
. L shmed damzné 2r- ,mar h\m. :

Itahmm noted thaf. we have mmam km constant we xupp.ly of
wwmkanditsﬂowofqommdsmmatmm med and pro~
duced from the stock for recreatitms for purposes of musbmm Fora d:ma“
mic adjustmant betweon supply. MMand shﬁw, readers ama nafmd to
Figure ul’d in the mvious aeeueﬁu o

Mthmeh the value of a. lake mmmmum mjeat cannot be fully reflect-

 ed by the growth tn demand for lakeiwater related recreation, and congequent~
ly the consumer's surplus meagused under verying demand ¢urves may sub-

stantially: undarestimate the project -benefit, the general weifare model

delinested 4n Saotion ) and the:budividusl constimption expansion. patterns -
presented. in the preceding section. do provide a reasonably sound analytical

. frammk upon whtch empxrk:al mmum teobniqnes can be developed to



v Ted . , eia
s . T e

. e _;./,“ o

. ,*_’
L

estimate the major benefit of lake restoration. To be speciﬁc, ;he demand _
for lake water recreation may be simplified and reduced fronj a: simultaneous
equatwn system of models as mentioned previously to as follows- R TR

o L.

. Vn = F (COSTu ©, T, ¥, CARy «;:».s). Zyg0 DUMu)

Where . .V Ends for the number of visitations in l;be iﬂ" activity at the
lake.. I T A TR
L COST” is a weighted cost 1ndex compriaed, of mwaung diatance
' (D), time (T), and income level ¥), This is somewhat of
an index for opportunity cost which reﬂects the minimum
e level of physical and psycholegical benefits the recrea~-
e 'tionistmn expect. i o

cjgi?ﬁ '--13 the recreatibn capaoity mdax c:cmststmg of water qua-
Y ligyand. capamty, Anciiding oizaramer variables such as
*  depth, water te‘peramte. surface. are&* and fish species.

o Z.U 748 other exegeno tg variables affecung the« visitation part-
77 dcipation in the 17} acuivity, such-gs regulations,. crime - |
' rate, lake-iront tacmties, and emr;rbnmgmal condit.tons v

UM,J rem'esents a numher of dummy variables taking the values
of "1¥ for positive and "0" for negative answers, eig.,
-‘;whaﬂmx Or not-a. visitor noted- wmgrmquamy improvements;
will or will not come: back: for the ﬁame nctivtty. smgle or
: ‘multiple—'purpose trtpa m. LR -

A Ilf-) ;‘

Aq m:lnted out'by. war., Kelly and Boes (197?), and 'memas Liu and Randau

. (1879), emong others, -there are more than a dozen mmﬁve a':mmm::c':hemr ava

available for valuing water resource attributes and servides. through the-
measgure of the consumer’s surplus. Although each of them has its owm weak~
ness and strength both conceptually and practically, the: statistical Mérwm-

~ dal methods, - parumlazly fhe travel-cost methods -associated with afectea
- demand model as; just mentioned have been perceived as preferable, wchmque
over many otheéts and have been employed most frequently in mwemplrical

g appuoauons for assessmg the consumer s surplus, or for. approximaung the
!:rue willingness to.pay., - Hotelling (1947) pioneered the travel = cost method. -
= for evalua ting & reamauma; resource, and further refinements-were provided
“by.Glawson. and Knetsch- mise),, Davis (1964), Gum .and Martin (1975), .
Hemmack and Brown (1}!74). thetti, Pisher and Smith (1876), Liuand

Chﬂauansen 41979), among Qt&%fﬁw iar meawm tbe weaﬁﬁnﬂem&nd aml/

or thg consumer 'S surplua:.

As Ceahéba and Langforﬂ ’(1978) comctly po.lnted out, t.he longstandlm

\(-,',’ ; v

i)
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challenge of establishing values of extra-market recreational resources has

been met for the most part by attempts to value recreational activities of rem -
creation sites, The demand model for lake water-related recreation just -~ 4~
described s, in essence, a modified Hotelling ~ Clawson - Knetsch or e
travel~cost method which employs demands estimates to compute a valueto .,
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 esttmation between the conventional travel-

cost approach and the one n'oposed in this study ought to be- aoted |

Aside from those fundamental postulates upon which the general welfare _
framework and:individual démand models are developed, this study recognizes
specifically the signdﬂcant differenqes among the values of the stock of
lake water, the fiow of goods and services transfonned £rom-the:stock and
produced by the-lake water: attrihxtes, ‘and the synergistic effects’ between
the two, and/or the externalities created by, them jointly ovetitime. Convént~
jonal benefit/cost analysis tends to be orlented toward the appraisal of in~
dividual mojects, and it has been gradually recognized that any evaluation
methodology whichtreatseach project in isolation and statically can lead to
inconsistent decleionmaking, es peciaulv under the condition of h:lgh un-~
certainty. R R e o

L
i Y

The synergistic effecits'-ibetween 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 reject an entire group of pro- o
jects which would have: been: aecxepted individially, risk-pooling may result
in the rejection of any individual projetts separately but that are accept=-
able as a group.l/ Optimal decisions may require, in the presence.of un-“ o
certainty, an.additional reduction in the benefits from development ’beyond .
the preaervation benefits foregohe merder to take into account the losg of =
options such a decision would entail, In other words, the oppomnlty cost
associated with the project must be taken into account, - . i

il IETE AN SR
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(1) For similar and mlevam arguments, seé K.I .A. Atmw and R,C L‘ind,
"Uncertainty and the Evaluation of Public Investment Decision, " W

 Eeondmic Beview Vol. 60, pp, 364-378 (1970); E. James, "ANote on

~ * Uncertaintyand the. Evalutfon of Public Envéstment Decisions ;" A E(R.

vol, 65, pp., 200-205 (March 1975); and V,K, Smith, "Uncertainty and-

Allocatipn Decision Involving Un:lgue Envircnmental Rescufces, ™ J. of~." " _)

2 1438 t,. Wle 6‘ Mﬂaa; ppw 175"186
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valuation and for watér pollution abatement pmjects beneﬂt/cost assess~
ment, Technically, the consumer's surplus over time under variois demand
schedules for recreation site visitations was discussed as a useful measure
for resource valuation and.peoject impact assessment. Instead of employing
any ¢iven constant demand schedule for the lake recreation site visitations,
various compensated demand schedules can be- der;ved 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 lake 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 ot ﬂae comumer's Burph.ls. N TN LT TR SR RV

- et i L S - - . : o : N . . ol .. P ey
! o . : . T ' S ) L. UL
[T o . . . N
. o . . - . . . . e e verigte
N ) ST S

1. Arrow, K‘.L. and R.C. Ltnd, “Uncertainty and tbe _Bvaluation Qf Publ:lc \ |
Investment Deci&ion, American Economic Review, Vol. 60 (1970) pp. SRR EL.
364-—378. A _' ' A Cdee DT b

2. Baumol. W, Ia. and’ WQE OateSJ \e l - mental. rodll
(Bnglewood CUffs, New Hersey: Prentice Han, 1975).

3. Brown, Mic:holas and James A, MacMiuan,' "Recreation Program Develop-»
ment: Im:bacts‘g A DYnamic Regional Analysis. ' : e
: i 9 Vol 59, No. 4, November 1977.@. S

AN S

4. Burt, (}car R., and Durwad Brewer, ",’E:stimation of Net Social Benedits :
from mtdoor Rebreation, cl _E_gmmg_, Vol, 29, No, 5, Septembet 1971. L

S Cieehe‘ti:i, Charles I., Anthony . Fisher, and V. Kerry . Sm;wu 'An Eco- :'f" b
nometric’ EValuation of a Generalized Con(sqmer Surplus Measure: The . . .
Mineral Kmchmtrqversy. Econometrica, Vol. 44, No. 6, November 1976,.

7. Cocheba, Donald ahd Wimam A.
Colléctive Good Aspect of Hunting (
November 1978. pp. 499-504.

d "Wudl;lfe Va.luation" “The Coll -
¥ . VQI. 54. NO. 40.

84 Davis, R K. "‘I‘he ’Vabue of Outdoor Recreauon' Axx Ecopomlc Study of the .

- sobegr o ™ -‘__‘.
PR LR -.j:.‘._- \“ R

RSN PR [T
oL 5

‘ PARN T AT IR I



Maine Woods,” Unpublished Ph,D. Dissertation, Harvard Univetsity,

9. Dwyer, John F.; John R. Kelly, Michael D. Bower, "Improved Protedures
for Valuation of the Contribution of Recreation to National Economic
Development,” University of I.llinois Water Resources Center Report No,
128, September 1977,

10, | , "The E'oonomics of Environmental Preser~
vation: A Theoretical and Empirical Analysis.” __mg;ig_u_ﬂ_qngmip
Review, (September 1972) pp, 605-619,

11, Gum, Russell L and William E, Martin, "Problems and Solutions in
Es timating the Demand for and Value of Rural Qutdoor Recreation, "
f icultural E ics, Vol., 57, 1975,

12, Haminack, Judd, and Gardner Mallard Brown Jti, Waterfowl and Wetlands:
| _Toward Bipeconomic Analysis, Baltimore,; The Johns Hopkins Press, 1974.

13, Heﬁin&ehl, Ortis C., and Allen V. Knesée, "Government Investment in .
Natural Resources Theoretical Problems in t!'le Estimation of Bénefits and
: s, Columbus: Charles

E. Merrill Publishi.ng Company, | 1973

14, Hotelling, H,, "The Economics of Public Recreation in the Previtt Report"
{Mimeographed) Land and Recreation Planning Division, National Park
Service, Washington.

1., unpublished letter of Director of National Park

R 15. ]‘ames, E., "A Note on Uncertainty and the Evaluation of Public Invest=~

“ment Decisions." American Economic Review, Vol. 65 (March 1975) PPe
200-205.

374 Liu, Ben—-chieh, "A BCCIPA. Model for Water Resource Project Bvaluation"
- -2 :dn E. Ouano, et al. (eds), Water P aye

o ries (Bankok- Asian Institute of Technology Press, 1978) pp. 253*259.

L _18. L “Environmental Impeot Assessment and Water

Poliution Management, " Proceedings of the Institute of Environmental
Scienoes (1978) pp. 209 212

9, e "A croas«-,!mngct Assassment fcr Fish and Wildlife
.+ . Habitats," Proceedinds. of the Mitigation Symposium: A National Work~
v gh Vi AL ( 3 < 31 ild = 3 LS (POl't co’-lms’

o w



- =100~
Colorado: Rocky Mountain Forest and Range Experiment Station, 'U.S.
Porest Service, 1979’; PP. 209"214-

20. Liu, Ben-chieh and N, Chnst:lansen. Lake_ Restorauon and the Bemand
for Lake Recreation” Procae - 2

(New York American Societyof cma Ehgine-
ers, 1979) pp. 6-13.‘

21, Llu, | n-chlﬂh "l‘thpact of W&ter Quality on the Demanq for I..ake Reqrea-
“tion ¥ Proceedings of the Instltute csf Envwonmental Sclehces (197 9) pp.
426-429. q

82, Liu,. n*-c:hieh, N. C:hrlstlansen, and] )‘aksdh, “Measurement of the
Sacldeconomic Impact of Lake Restoration® American Journal >conom

..nsi_S.Qs.!&lQQy (forthcoming)

23, Miller, I R.. and F.C Menz. “Some Pconnmlc Conslderatlons for Wild-
lfe Preservation" S 1T

) 24. Mohring, Herbert, "Altemative Welfare Gain and I.oss Measures, ¥ ﬂ%ﬂ'
! :" VOlc 9, 1971’ pp. 349""368. a

'\.""

Pp. 153~ 171, Sane

26, Randall, Alan, and Berry Ives and Clyde Bastman, "Bidding Games for :
Valuatign of Aesthetic. anironniental Im provements ,* W—
" _mental Economics: 3 1974, pp. 132-149.

27 Skjei, Stephen 8,, "Identification in the Estimatlon of Recreatlon ‘Demand
Curves from Cross~Sectiori Data: ‘How Important Is'It? " Tou :

leisure Research, Vol. 9, No.4, 1977, pp. 301~309

2&,. Sm},th Robert J.,- *Probleins of Interpreting Recreation Beneﬂts me A
Rpc:reation Demand Curve, " edited by G.A«C i Bearle, ng
wgm‘ Lopgman Group Limited, 1975, . : .

29  Srith, V.K., "Uncertainty and Allocatlon Declsion InVOlving Unlquet
Envlromnental Resources, " _ inengal ¢cs and:-
, Vol 6, No.3, (September 1979), pp. 175 186

.30, Smith, V. Kerry, "Congestion, Travel Cost Recreatlonal ’,Demand Mpdels R
and Beneflt Evaluation, "-Journal of Env!romnental Economlcs and Manage-
ment, (1978),

4 sl . i
I T TURANTCER R RPN



-191- b

31, Thomas M., B.C. Liu and A, Randall "Economic Aspect of Wildlife Habit-
_-at and Wetlands, " Report for U, S Water Resources Council (Kansas City,
Missouri' Midwest Research Ins"titute, 1979)

"32 Warren, Ronald S., Ir., Rebert P. Strauss, A M!xed Logit Model for the

S Relationship Between Union,izetien and Right~To-Work Legislation,*

/' Vol. 87, No., 3, 1979,

Queﬁtion and Answer‘f"- "1.,-'2.' e

N i
e i
RERY)

Dr. Smith ““For your top left-hand Comer diagram us:lng distance as the
objective, when the price of gas goes up. how do you tie .
~this up with your approach? N

Dr. Liu: - You certamly are. right_,, when the priCe ef gasolme goes up
IR the price of lake recreation goes up;too’, Therefore the
price of consumer surplus also incteases,

Mr, Rahman: Actually what you are trying to say here’ 1s cost ann].ysis
E S in a survey ‘environment project. But when more people go
.« - to the lake there;will be more pollution, Perhaps you have
S : "~ to take into consideration other things besides economic
and soc:lal benefits. Lo P

Dr, Liu: You are right, more people gaing to the lake will indirectly
result in increased nallution. That is why when we
developed:this model we had to use econormic valuation by
seeing what the caasal 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.

Mr, Grombach: 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,

Dr. Liu: Wedid 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 traveledas a benefit
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mgésux‘ehi';_éﬁi:. you wili‘proﬁably be double countlng.

We feel distance is more reuable, but the property value
change overtime can be regarded as a probable”sltémative.
There are other measures, including the direct state of will-
e . ingness -t¢ pay apfiroach’ but again people tend to shy away
Ghrwo . from this direct question and answeér differently, As in our
strvey we did ask how much they are willing: to, payfor:this
_ recreation but they are unwilling to give & positive figure,
~ Bat if you ask them based én-our estimate that eath trip is
e about $2-$3 and what they thought of it, we get a response
-that ranges from reasonable” to™ little high", That is why we
ghoose this travel-cost method.
. Dr. Smithy. You are: 1oaking at this analysis from the recreation point of
view. In this particular area of the world the use of the lake
in irri gation isiquite 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?

Dre Lins o v '-The approach here is applicable in many areas, Of course
G ol oo the userof Jake water cantBé for rrigation projects or water
wioew o e ssupply « Buttin dealing with these problems we have developed
SRR - a similar kind of model to measure demand for water supply
By or irrigation. The approach here is easﬂy adapted to cther

areas. : :
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- DISPOSAL OF RADIOACTIVE WASTES IN INDIA

by A.C., Chaturvedim ASCE, Chief Enqineer, Minor Irrigation Department,
India

Y |

Radioactive liquid wastes were classiﬁed aooord:lng to activity, conductivity,
and. detergency, and ‘collectad separately 'so that they could be processed
and reused. High purity, low conductivity wastes were routed to a waste
collector tank., Low purity, dirty radjowastes {drain wastes0 were routed-
floor drain tank regenerators; and centtifuge decant water was routed to

‘waste neutraliser tanks.

_ High purity wastes were lfiltered to remove particulates; 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 {n.a tem porary yard, Spent resins and filter sludges

were processed througb a centrifuge where the solids were separated, The

‘separated solids: were Ioaded in’ drums, capped, and cooked. All these

drums were stored: u undergroun& trem:hes and concreted.

-

‘The continuous migretion of perople into otherwise uninhabited areas poses .
- problems of accidental releasef of pollution and calls for‘a serious study of :
- radioactive wastes. There exists serious contamination of water by indust-." ¢

rial wastes, pesticides, chemical’ fermizere, detergents,’ etc. ‘Water was
found to be polluted hiochemioally, mysieeﬂy, phyeiologically and b;lolom- .
cally, = i .

e i
TR

Mat.hematicel model.s for fixed ,_bed absorbers for surface difiuslon must also
be provided for the predoxﬁlnant 4ntfaparticle 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 the*boundary of the permitted mixing zone.

The maximum width, .the meximum length .and thé ‘enclosed surface area of

the mucmg zone must be determined and controlled.

S
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There are two main typea ‘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

- uranjum 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 lodine, which can cause cancer of the thyroid
q&!md. The main radioactive :lnqred:lent used in atomic bombs is plutonium,
‘which produces as waste radicactive Strontium and. gasium, both cancer-
© causing substances. Like the waste products from power reactors, t&me
matertals generate heat and penetraﬂng radiation for. Gemuries. .

Wastes' from defense production are immqnse - an accumulated wtal o& a
half million tons of highly radicactive material in addition to over 60 million
cubic feet of ‘lower level radiation. The nuclear wasgte from nuclear power
‘plants‘is considerably less -~ about 6, 200« tons of spent fuel. Neverthe~
lass, most’ scientlsts have focused their attention on. power plant waste -
“'which contains more radioactivi%‘y and is mcreasinq faster than mﬂttary '
Wﬁﬂte. L . . RN SENT

Virtually all waste from nuc‘lear power facmties is- sltored under water m
gigantic "swimming pools" at plant sites, but many plants are running out of ,
. such storage space, . Some low. level reactor waste 1s buried in governmerit
lwensad repositories., Militaxy waste in solid or lquid form, 18 buried tem~
porarﬂy in huge underground tanks at.government installations. Thousands
‘of canisters of low level atomic trash,. mostly-from weapons production, were
buried off the f'nast m the Atlantic and. off- the Califomia coast in-the Paciﬂc. '

Stored nuclear waste is a point of great contention. Ctitics point to acci*
. dents that have occured. at waste disposal sites,:'Ina Military Reservation’
- on the West Coast, nearly 500, 000 gallons of atomic waste intoithe soil -
' at‘ound the storage. ;anks.‘ chh incidents have led:many: communmed to
object strongly to dumping nuclear wastes in their area; . BeoLn :

Both critics and supporters of atomic power agme that waste, dis paaal 13 tbe
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 diaposal method 1s found.
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A number of far-fetched solutions, such as rocketing the wastes 1nto space
or burning tiiem, were tried and rejected as unsafe, im pr,actical, or t;oo cost-
ly. Untilrecently, little has been done to solve the problem. 'I‘hls year,
however, the Department of Energy will spend nearly half a mmioh d’oﬂars

- on disposal technology. There is a plan to drill deep holes H1itd s&lt beds

- near Kota, where tons of nuclear waste can be’ permanently stored If the
project is given final approval, it will be at least. 1988 before @ permanent
storage site could be in operation even for testing. But the plan is encount-
ering widespread opposition from. Rajasthan ciuzens, and court fights could
drag on for years,

Indian radioactive wastes are proposed to be disposed ﬁitoz".s pace 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 riski' 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'.

It 1s necessary to examine the geologic formationss the fractures, volds,
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 simtlar action.
Piles of tailings containing radioactive substances have been left everywhere,
such that uranium has been mined mostly in Kota, Nyvell, and Tarapur,

These piles contain pulverized c:e from which uranjum has been extracted.

India, with 20 years of a¥nerience in nuclear technology, has power stations
. at Kota, Nyveli, Tarapur and Narora. There have been many advances in
design operation and disposal of radicactive wastes. The efforts of chemigts
and biologists solved coolant channel-clogging problems due to fungus .
growth, and provided safety from radioactive wastes. The radioactive
wastes, especially theblighly 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 radicactive
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 wastes were implanted several hundreds meters into the deep sea
~ in the Bay on Bengal, Arabian Sea, and Indian Ocean by a free fall penetro~
meter. In the overland itself, the radioactive wastes were kept in 4000-£t,
mll columns at least 77 Sm. below the edrth's surface, Another methed for
the disposal of wastes was to pump them in a cavity ina very deep and im-
permeable geologic. fonnation. Heat from the radioactive wastes was found
to mealt the adjacent rocks, the radioactive. material ult:l.mately becommg an

_ mtegral part T ac. 7

cd

The 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 fravel 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°C, thereby reducing the rate -
of evaporation and hence the spread of radioactivity from the bays, The in-
side surface I all the bays were lined with Sg to enable chemical ¢leaning
" of the bay surface. Sloping floors and removable strainers were provided for .
easy removal of metallic and dust particles from the bay floors. Care shall
hav= to be taken to permit repair of valves from all the bay lines through
proper layout and provision should be made for freezing of lines to introduce
ice plugs., A direct approach to the spent fuel storage buildings hecame *
possible through the personnel air lock provided at 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. ;

RS

In the absence of process computers and extensive physics calculations.
- some time on an hour to hour basis during power escalation periods was' raee_d-r
- ed to monitor the neutron fluxee within a reactor. - Comrelating 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~ - R
perience with considérable amount of theoretical work has led to the deve~
lopment of fuel management capacity in India, which has averted the need.
_fér rather"s‘ighiﬁcant foreion echenoo expenditure on a recurring basis.

Non-acceqqibili‘y of reactor and assoclated equipment during operation, a8
well as very stric:t requirements, resulted in a much larger amount of automa~
tion and msmxmentation for monitoring and controlling processes in nuclear
stations than in thermal utations. ‘

Chemical reactions mvolving metal-water, metal—air, hydrogen-—oxygen, and
deuterium-~oxygeh reactions, and the chemistry of fission product releases
from the fuel and thelr chemlical treatments minimize environmental releases.
Radiocactivity of the erosion products is induced and carried over to the diffe -
erent parus of the system. ‘The attendant radjoactive waste treatment manage--
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the first facliity of its size in India.

Radioactive Waste Management units at the Kalpakkam site inclusive of the
power reactors and raesearch 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
Manayement for that site and optimizing the capacity of various equipments
and systems, considerable cost reduction 1s at Tarapur for PREFRS plant and
TAPS. A

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 thié 'soil and of a"
surface and underground water near Delhi. Drinking water was found to be
contaminated heavily in underground aquifers and in the p:lpelines, especial.br
by nfectious diseases, This also brought in contaminatmn of wells. There
wa$é serious contamination of water from 1ndustr1a1 wastes, pestfcides,s che-

‘mical dertilizers, detergents, etc. This accidental release was also found

to have an adverse effect on natural estuaries or wetland areas. Water was
thus found to be polluted chemicallly, 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 releages, adequate planning 1s
necesamy Failure in this sphere can be caused by many factors; incluqu
lack of adequate structure in the ‘biophysical environment, defective concegt-
ions, unsuitable forecasts, neglect of ecological knowledge, neglect of .
scientific multidisciplinary methods for the solution of individual problems,
neglect; of existing socio-political factors, sector a pproach in the solution

(.,.

ion of the mutual relationship between the various phenomena and the potent-
1al 'dange{ of a7éfous 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 kncw and to predict the dilutim‘: cf the efﬂuent
before it reaches the boundary of the permitted mbdng zone. This informa~
tion has to be made avallable to the ¢perator for all river and discharge con~
ditions in an easily Fetrievable 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 zone. The maximum
width, the maximum length, and the enclosed surface area of the mbdnq zone

) __._maY be thus determined S ROFHEAMT T IR

o ;ch make: the experience of radtoactive. waete anahrsis avaﬂable, 1t 13 pm~

_ posed’ to use training institutes as the main férum for collection, analysis,
. documentation, and dissemination of information and maintiining personnel

"for the exchange of thelr experie nce, Proper. codiﬂcauon is needed to make

it avaﬂable in the form of a unified computerized "aundation syetem.

The need of tramed personnel is :lncreasing rap!.dly and project requlrements

‘must be kept in constant view while deciding on the number of training per-
"‘scnnel. For information exchange to be really useful between various opera-

" tors, the experience shculd be analyzed, evaluated and communicated. The |
" engineers should: cumvate the capability for sophisticated analysis of events

during their training. Also it is necessary to have a single forum a regular
intervals for exchanqe of nuclear units. There are reports and investigations

' of unusual occurences. These may be documented. There is no:8et require-
T .ment for reporting such occurences, It is-only with the cooperation of

variodﬁ ‘d@uthorities in the mutual and common mterest that we expect these
tc be reported. ‘

LRI

Handling of ra.c‘ilioa'cti.\féhspent"ion-exchand_ef resizm has received considerable
attention, The ifon-exchange design is such that the.spent resin can be

. dried in situ and the resin cartridge as a viwole can be lifted into a shielding
. flask and transported. directly for waste disposal.  Additional operations

have ‘been aliminated, Based on experience, the capacity and:the number of
fon~exchange beds in the purification circuit ham been chosen so that the
heavy water radioactivity levels could be brought down to hear normal levels
following a split rod concurrence with’n the position out period of the re-
actor, Special care shall have to ba 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 hellum purification ¢ircuit, 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 precom-

~ bination circuit to prevent condé’nsation 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, procéss 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 rovide 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 tankhave been utilized to provide an alternative source of motive
power for the auxiliary heavy water pumps in addition to the normal power

supply.

The existing curves jetty and calsson may be utilized for supplying the nece~
ssary quantity of sea water to projects in addition to meeting the requirement
of curves. I-IoweVer, a separate outfall structure may be provided near the ,
shore to discharge R-5 sea water, ' It may be observed that the existing pamp .
chamber. design results in the deposition of salt in the pump chambers and E
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 sum ps.
to prevent starbing of pumps at low tide levels .

(3) Installation of flow guide walls to provide for proper d:lstri.bution of sea '
water ﬂow to all the pumps.

Six pump_s..m_ay 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 velocities, 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 be-handled
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 a pproaoh to the buggy for mainmnanoe wiﬂwut
having to drain bays. _ _ _ o

~Proper installation of the Hepa ﬁlters was ensured with uxuf.orm and sufficient

‘compression of the scaling gaskets to achieve a satisfactoxy filter bank
efficiency. Provisions for camying out in situ tests were made in all filter .
Lnstallations for periodic testing of the bank. ‘

Otten, dofective and improper filter mounung was found tobe a major cause

~ of poor bank efﬁoiency. -The major wastes treated were liquid from system
leaks, systém 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 noncondensible gases removed from the
. main condenser.  The gaseous wastes were: estraotod from the main conden- .

.ser by an air ejector and routed up through a hold of line to give proper pass-
age time and auowed 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 1mprovement in desalination and the removal of calcium phos phate was
achieved by precipitation with barfum sulphate._ A two=-stage precipitation .
‘was adopted providing for the removal of calcium and strontium. Replacing .
. the fﬂters alone did not solve the problems of a reduced" fﬂter bank effi.oien-
GY. t o . .
g = . T
Sta.lnless steel was seleoted as the uner mater1a1 as alumiruum did rot meet
the criteria, Estimates of the induced radiation field did not preclude the
use of stainless steel. The assessment proved correct during the mainter . =
- 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
sheet92 ~Mild steel flanges were welded to the channels using openings of . :
0 cm™,: The gap between the existing wall and the liner was filled with
cement li.ner. :

In oertain 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 tem porary repa:lr
were used. At one time, all fuel and drain water had to be removed for pro-
per isohtion of oontrol rod drain housmgs . ‘
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Equipment Protection

It be¢dne necessary to reduce radiation fields around the equipment to re-
duce the radiation dose received by technicians and supervisors. Deconta=-
mination was effected by flusBthg with water or chemicals, working from. a
distance using longer or remote~controlled tools, and provision of lead, )::on-
crete, or water shielding to limit radfation doses, However, the-extent to '
which decontamination and shieldlng could be carried out dgpended on esti~
mates of the ragiation dose required for these works as compared to that re~
quired in the actual work -and the availability of persbnnel

Na 5!.-".

The Narcra power reactor site would be posing serious challenges in efﬂuent-_
management., This hinterland location combined a very highly potential '
aquifer of groundwater with & number of rivers and canals that are extenslve-

ly used for agriculture, It would be quite a difficult task to evaluate the S
environmental capacity for release of radioactivity due to the recohcenttation . ...
possibilities in the highly salted river or'canal beds and the considerable .
recharging of aquifers along the rlver or canal bank certain periods of the '

year, T _ L

It will be necessary to move towards restricting the release of llquld efflqenta
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 geohydrological 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 lguid or solid wastes are stored, e

Researchers shall have to monitoxﬁhe‘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=- i
duction. U.P. has long heen dependent on atomic plants for its power nseds.

Scientists will study the effect of radicactive wastes on air qu',ality and the
impact of air pollution on the forests of the region, Qtherstudies will include



testing birds and mammals, and aquatic studies will concentrate on the prod-
uctivity and population of aguatic 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 plant reached 100 m3. R

Copclysion
It is evident that a large amount of experience’ has been accumulated in India
in the fleld of atomic waste pollution ¢otitrol wj.th power plant components
diverse in size and manufacture. Yet: inspite of the. large experience, mis-
takes mishaps of ident.'lcal nature occur, indicating that lessons from' *these
experiences are not satiefaotorﬂy communicated to the actual operatérs, ~ It
is necessary that an effective information or data bank is. buildt up Wwhich*
reaches all the peaple concerned so that not 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. Mae specific
workshops and action-orlented discussions are necessary. S
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Manager, Bales Technical Services, Stanton md Staveley. United Kingdom

Iptreoduction

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 fr.-
health of a nation particularly if equal attention is given to the other part of
the water ¢ycle -~ sanitation. Various International sources of finance are
available for water projects whether they are for raw or potable water trans-
portation, desalination plant pipelines (mosg important in arid cmntti.es) or
large scale frrigation projects.

Throughout all fields of industry there is a‘basic underlying need to derive
maximum benefit from design s pecificaton whilst keeping the total costs to a
minimum, Value enginédering {s a management analytical concept to gnsure thd
that the use of sound engineerifg princlples give greater value for- money or to
put it another way, "borrow less money and buy more schemes®.

'.I‘oday's ptpenne designer faces a fortnidable set of options as he prepares $0
select the most appropriate pipe material for his particular water supply sche-
me. Manufacturers are constantly striving to infroduce new materials, hiqher
performance, modified or new joints, in order and fittings selection is easent-
ial for maximum cost effectiveness, 4

Given a basic conceptual scheme for.. f:onveylnq water from point A to points B,
C, D, E, stc., it is usual to allow for both short term and long term future
developments whichk have to take nte account pomlation growth and shift,
 industrial development, wealifer ahd several other factors which can govern
the design and cholce of pipeline. Usually, 1ifetimes of 60 - 100 years are
“taken as a basis and generally speaking a conservative approach to water de~
mand is lkely to be less costly in the long run. Nevertheless, there may be
occasions when it i5 cheaper to Biild for the short term and reinforee later,
Once these paramet'ers are es tabl.i&hed it is feasj,ble to undertake a more Hetadl
detaﬂed value engtneerhmg ana!yaw. o
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Such an amlysis has to consider all factors and tb;ese can be grouped or cat-
egorlzed as iollows‘ : : :

¥

bl Hyd:auj.tc €haraeteristics
+i Y24 Routesurvey -

%.3. Health (and safety) considerations e
1.4.-'1'?!)9 of water e

ok -

. Bfﬂcxency of jomt

. Total systeri qmcept e F :

1, wpeofsaﬂ, gipe\ badds!nm badkfﬂ.l conqoudation R
2, Method‘ofjointmg T
3. Resistancéto handlmg and trans portation damgge
4.3 Leaktightne;s N T

5. Cost of,&pshuatlon

1. Llfe expectandjr

it dad,e ] igtance to surge ' : o i
4.3. Resistance to changing son/trafﬁc loadmg o
4.4. Minimum maintenance - TR S i
4.5.!"Ability to insert branches ar conneetwm Wi -

The: sacti:ms t!mt follow discusa these different aspec.ts and set out to.d.uust-

ratq dlagrammaucalw how the, parametem can influence the selectmn of mater~

Om the. quanuues ‘of water to be trans ported and ptpeline xoubes have ‘been .
outlined, pipe diameter and pressure requirements can.be camputed. Hydraulic
ﬂow j.n a pipeune is‘ goverhed by the pipe mtexgnal dhmeter and a fricuon <o~
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_eﬁicieﬁt. _Thase vary. for the Gifferant pipe matertala and mem of mtmiaew
ture, Semé plpaimaterials have agtandard bore diameter and incisase the
wall thi 8i mhehge ,ﬂxe external. diameter, to meet, pressure require— -
ments; whereas  others have a standard outside diameter (easy fer jointing) and
incredase the wall thickness internally for higher pressutés. For some mater-
lals, one class of pipe covers the majority of requirements . !e..g.» dmtﬂe m
class K9). Table 1 gives an'indéx of flow capicity for the ditfin

'matartals against a range oi pipe dlametera.

SR . 2000 300 400, 500 6@ .
Ductle ggn .. .30 100 100 100 109
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m’,ﬂsﬁedmwﬂ '.", RRUR TR S e ._\,,-A_,_ b " o ‘~
R ;m@k ' i .._95 o8- - 98
SRR

ey T s .
;‘ 3 '_:‘ 1o =
KB prwtoualy menunned, there are a vaxiew of classes of pipes, vaw ﬂw
usual operating pressure ranges. Flgure 1 mustrntes this variamn 1n the for
form ofabar chart. : _ L _
te,,nuwey will indisate mt onlr Ihe swm head condtﬁm =but wm a}.m
iy tha type of grownd, ‘traffic Joading, watér table, rivers, likelihood of
“Subsly {WQ local civil engineering distusbances, proximity wigﬂwr mains
4 vf‘&ng é ige,. ease of atcess,. etc.. Ml of thea@factors can have a significant
eﬂecu: on the cholce of materials, pipe classes and joints. For instance,
ductile iron or steel are preferred in earthquake zones, Figure 2 glvesian.
indication of the relative pmfm ox plpenne mawnéls ﬁvrm*lhble to"
subsidence or settlement. L . e e

Whﬂst the ,nlwtsmﬁ of piped wabarz m !mpr_wes the health a{ tha egmmu- |
w4 nlty, eonsidemctonhas to be! mm ta Fdtn ‘wiiclesome supply at.the tap. .
> on: v_a-awquaim_ bt alea. ensuring: .
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Withm this categoxy there are: seviaT fastors which are related. snd there=
for€ it 1s worth consIdering the dﬁierent pipeune aystem that 2re available -
for water supply pmjects. TR |
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Ductile 1ron is probably tbe most widely used mater:lal for watemsupply pro~ Ly
jects, It is widely avauabie in the range 80 - 1600 mm with push~in, meaha-
nical or flanged joints. ‘Limitéd supplies are available in sizes outside this

" "“range. Pipes are made in differént lengths according to National standardn.

7 'bat 5.5 or 6 m are the mosi commonly used lengths, Longer ﬁpes upto 8 m
.. .are available in the larger diameter sizes. Ductile fron plpes aud ﬂtttnqs are.
“made. in accordance with British Standard 4772 and have a maximm ka
_._pressurs in the range 25-40.bar depende@iion size. ‘Pipes madesto Bilfish |
' Standard 4772 are a;ao in compliance with the requimm&nts of mo 2531. '

it
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#&s derivative dncme tron. grey pipe is widely used mqhout me Wato}'
Indusny and' thet-é hag, besn.a lbng wadmo@ aﬁ uge smwmm ba_ek tf.ﬂhe 1 tb

Mstressed cencrete pip(e m made in the d:lameﬁar r&me 600 3 200 mm l:y one
of two methods', ' The "cylinder” pipe, which has been uséd in the UK for
25 years without a ﬂmg.le operating failure, incorporates a wateruqht steel

. cylinder memlxane within the wall thickness of the pipe snd We, ﬂﬁsmsﬁﬁg

- wite Is wound heuca“ﬂy onto the outside of this cylinder/~ Pres:ressed non-
‘cylinder pipe,'as its namedmpll&s, does not have a steel cylinder. Il; this™
pipe, trestresséd wirds lie longitudinally within/the wail ¥iickness of the con-
.mtm uora of the pipe anf this core is- aubseqmenm 'provided with & heucal

‘o
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; wlnding of mesh‘essed wire. ‘In both cases the wmd:lngs are protected by a
cement mortar cover coating, Prestressed concrete pipes are suitable fer
working pressures up to 12 bar according to class and they are manufactured
in- accordar;ce with B.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.

Glass reinfcrced plast;lcs are. new pipeline materials for the water and sewage
industry . Many of the original designs: were teally developed for industrial

- applications for abowe ground conveyance of corrosive fluids, More recently,
GRP pipe has been developed for huried applications. ‘There are several .
techniques for making GRP pipe and all methods result in a ughtweight ﬂexi-
~ ble pipe, The use of sand and resin to ihcrease the thickness and hence the
stiffness results in a pipe which s’ usually described as reinforced plastic
matrix (RPM). Whilst RPM pipes are available as large diameter pressure.
.pipes, many of the other GRP systems are only available for non or low press-
uredapplications. Pipes are mamifactured 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 but this is an addmonal expense which is reﬂected in the
ﬂnal pnce. ' ,

Steel Pioes

- .Steel pipes are still frequently used for water mains and can be made seamless
or by welding plate or strip. I a welded joint is to be used, skilled labour is
an essential requirement. Frequently, a mechanical joint such as a Viking

- Johnson collar is preierrmsd. The simllarity of the mechanical performances;df
the cheaper ductile iron and steel pipe has led, in general, to a diminishlng
market share for steel pra m the water market.

PVC pipe. is widely used for water- mains tmd 1s avaﬂ,able m me size -range 25 ~
500 mm for pressures-up to 12 bar.” FVC pipes ‘are’jointed using solvent
cements, but a larger. proportion of application$ now utilise push=in joint sys-
tems, Gare should be taken when desioning FVC pipe systems, not-only from .
the instéllation ‘point of view but also to give full consideration to:the effechs*

of sufye and pressure fluctuations, since there ’na\re been several reported
failures attributed to pressure variations. Other factors which should be
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taken into account are the deteriomtion in perﬁ'mnanne Whloh takes plac:e as

temperature increases, i.¢. reduction in working pressure ratings and the sus—
ceptibility of the matetial to inference damage. PVC pipes are made In acgor=
dance with B.S. 3505,

- vPolyéthslene ?i no;: vrzldely uaed for Water mains, 1t tends w heumore fre=
or services or for temporary !n'iaatlon schemes: Two systems &t

are available one pased on low density polythylene made to B,S.1972 and the

other based on high density polythylene made to B,8. 3284, Polythylene is

generally inert in most corrosive environments, but it is: subject to tempera-

ture limitations end has linited resistance to inierference damage, In many

. respects, these limiitations are similar to those of PVC: pipey

! )
. . Gl e e
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Asbestos cement pipes have been used for water and sewer mains for approx-
imately 50 yeafs, Pipes are available in the size range 50 - 900 mm with
pressurestupto 12 1/2 bar dependant upon class, Pipes are made to B.8'.
486, Because of the method of manufacture, different classes of pipe have
‘ditferent outside diameters and consideration must be given to jointing when
handlmg varying classes of pipe. :

P B - - el 8 I

~ 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 gan be made without the need £or
highly skilled labour and sophisticated machinery and:peshaps more_import~
ant, can be made in any weathér conditions, Rubber fing joints are part-
icularly easy to assemble in Asla where rainy seasons occur. The Joints can
be me de very quickly so that the pipes Gan be quictlv mstaued mm trench,

.Ii-\"}

i 'in the 'case of ductile and grey 1ron pipes I;he )oihts have 0 be suitable for
e thielr high: operating pressure ratings.. Because the joints are design for this

" “high duty performance their sealing capability is such that they will:resist
“full wacuum conditions should these ever arise. For applications where water
tables are Hith 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, \



- Normal max

-Size range DN 700 ~ éGOO

There has been an increasing demand for anchored joints to facilitate the in-
stallation 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 illustrate a range of joints that are available for iron pipe-
line system. e -

Tyton Joint (Ductile and Grey Iron)
Push=in flexible joint : '

_Size range DN 80~

D 505000 o e ahove DN 5000
- | sizes above DN 300)
o v Co above DN 300 - 25 bar
“Grey iron Class 1 10 bar -
Clags 3 16 bar

R . .

R

ot

Stantyte Joint (Ductile iron)
Push~=in Flexible joint

Deflection 2 1/2° - 4° according to size and design

Nérmal maximum working preéssure Class K9 = up to 25 bar depending on size,
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Tyton Anchor Joint (Ductile iron) ' Deflection 3“’
Push=in self~anchoring flexible jo!.nt‘ Normal maximum working pressure
Size range DN 80 - 300 - 10 bar .

‘ B
‘;,f - g - i
£ i’
M LTy
d SEEHEON

Stanfast {(Ductile iron) | DeﬁeMn 2=4 depending on size
Push=in self-anchoring flexible joint ~Normal maximum working pressure
.Size range DN 350 -~ 1000 ~ Class K9 - 16 bar

1

Tie=Bar Joint (Ductile iron) | Deflection 2 1/2° .
“ Push~-in self=anchoring flexible joint M aximum wor king Mslure up to
Size range DN 350 ~ 1200 25 bar pm‘mSe designed
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St anlock Joint (Ductﬂe m:.m)

Mechsnical flexible joint

Size range DN 100 - 600 e e L I

Detléction 4° R : LRI

Nomal maximum workmq u‘eswe Clasa K9 uﬂ mr 35)0_ 40 bdr BUMRORE
above DN 300 - 25 bar

"-“"; PO o L .

Bolted Gland Ioint (Grey ;lron)

Mechanical flexs ‘ble Joint

Size range DN 100 = 500

Deflection °

Normal maximum working ptessure C,lass 1= 10 bar
Class 3 = 16 bar
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Flanged Joint (Ductile and Grey 'n'on)
Self-anchoring rigid joint - "
Size range Ductile iron DN 80 - 1600 Grey iron DN. 80 =~ 500. L _
M aximum working pressure Ductile iron up to 40° Bat - dapending on f;lanqe
“rating
Grey iron up to 12,5 bar = depending an ﬂange
_ rating

In the past, the majority of pipes were rigid conduits with thick walls, now

pipe manufacturers have improved théir technology, new and higher strehgth

‘ materials have become available and economies have been achieved in wall

thickness. Generally, thick walled rigid pipes are required to withstand the
majority of the vertical loads applied. Thin walled flexible conduits require
that consideration be given to the supporting eﬂect of the Boﬂ.

Asbestos cement, grey iron and prastressed conm_.plwmms must be re=
garded as rigid conduits, The abflity of the rigid pipe to: carty external load
is directly related to the structural ring strength of the pipeline. In order to
maximise performance of a rigid pipeune, it-is necessary to have good pipe
bed preparation,

Steel and plastic pipes are treated as flaxible conduns. As the sides nf fhe -
pipe distort under topload conditions, the flexible pipe mat‘ﬁtial places qmatw
er rellance 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’ bemq necessary for the less



Y
ENER" ok oy
id. o

stiff and more senitive materials.*"‘Ductﬂe iron is unique of all the materials,
in that it combines the properties of both rigid and flexible pipelines. In the
smaller diameter$,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. Desipn codek.are’ aallahlel i givierjréatatigaidance in this matter.
Figure 3 shows the relative pipe stiffness of different materials. Table 2
shows a compatison of the properties of various pipeline materials,

Teotal System Concept

It is waual for the pipeline designer to concentrate on the selection of pipe
material and then to make an appraisal of the fittings. In some cases, itis
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 criteria that may be necessary for ﬂttirgs as .opposed to pipe. For
instance, for mediim and high pressure requirements in GRP pipe it is nece-
¢ ssary to use si:ee.t or iron pipe fittings. These fittings will be’relatively
" rigid compared with the pipe and therefore it is necessary to consider the im-
. plications of a rié_x{d flexible transition in the pipeline system, The ability of
‘joints to perform under topload and sheer loading conditions can be critical at
such a rigid flexible Anterface, Similarly, for other plastic materials, corres=-
" ponding plastic fittihgs 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 apd 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.

" In 1aymg dismbution networks, 1t is usual to ensure that the system c:an be
extended or fé\patred without any difficulty, thus securfiy of supply and inter~
" changeability between manufacturers is an important criteria regarding the

selection of & pipe.ﬁne; system. Internatfonal standards provide great assist-

ance_ alang these’ lihes, Britigh standards:are often ip compliance with: Inter-
. nationpal standards &nd. they are widely accepted as standards for manufacture

in many countrids. "Howeyer, there can be a signmcant problem in respect of
_ pipe.une systems based on inch series and their equitialent based on metric

series, It is therefote essential that the pipeline déeigner knows the differ~

“ HL,
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" ‘ence between a 4" PVC main and its metric equivalent 110 mm. The use of
_International standards to get a greater world wide commonality is to be"
- "applauded if full security of supioly and interchangeabmty is to be achieved,
- The ductile iron pipe manufacturers have gone a long way to meeting customer
'requirements in this respect, and pipes n‘.xade to Internaticnal standards are
_ how available from the UK, France, Germany, Japan, America and seweral
‘smaller sources of supply. In each case,. there is complete interchangeability
in that a pipe spigot from any one country can be joined to a pipe socket of
any other country.,

INSTALLATION REQUIREMENTS o |

As mpntioned previously, a route survey will give an mdioation of the type of
ground the nature of the soil and whether it is suitable as pipe bedding mater-
1al and backfill. In the case of fully flexibie pipes, the type of soil becomes
of paramount importance and it is necessary to check whiéther soll can be pro-
perly compacted to give the hecessary suppcrt to the pipéline, If the sofl is
suitable for the pipe surround, it will be nécessary to achieéve the required
degree of compaction of the soil so that the necessary soil modulus and
Proctor Degnsity are achieved for the correct Petformange of the ‘pipeline :
system, In the case of rigid pipes, it is necessary to Have a bedding mater-
-1al which s going #9:gupport, the pipe evenly and it is often necessary to
‘import granular bedding materials to site, Figure 4 gives a- comparison of the
grades of embedment conditions that are necessary for different materials
under a typidal set of loadihg circumstances, Ductile iron %me 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
reqire higher densities tn all cases, R

Some pipeline materials are more sensitive to hnperfections'_in the backfill
tta 1 others, such imperfections can include rocks,. uneven bedding, voids,:
imperfect compactiwn, variations in water table, etc, Figure 5 serves té in-

dicate the sensitivity 5f certain materials to imperfect backfill, It is poeslble '

to determine whether a soil is aggressive to a pipeline material, A resisuvity_
survey will establish whether an iron pipe system needs any corrosion pro= ¢

tection. The simpliest form of corrosion proteotion is achieved by encasing ' _‘ ’

the iron pipe in a tubular film of polyethylene. This:ds undertaken on site -
immediately prior to jointing. The film is snugly ifitted aldng the barrel of the =

pipe and after jointing the protection is made continuous by bringing the poly#:y. -

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 cathodic protection in order to avoid any rapid corrosion at defects in the

. coating system. High chloride and high sulphate solls can be identified by

h sou sampling, since they' can cause degradation of cementatious based maters .
"jals. Special protections may be necessary. Figure 6 indicates the premium
over pipe costs for protecting different materials.

Method of Jolnting

It is possible to make most push=in joints very guickly 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,. Meghanical joints.although taking:slightly longer tg
"'make, do not delay pipe installation. Welding techiiques can take much long-
er and necessitate skilled labour which in many countries is a scarce com~' iy’
modity. 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 indigationiof. : thclnamber-of
joints per kilometre of pipeline with 170 being about 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 tr:lck;{
operation. For distribution systems a large number of fittings-‘will be nece=
ssary, and this- wﬂl ihcrease the ‘number of joints 1nvolved in any’ ohe system. :

.1"\

W

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 materisls which are more sensitive to impact damage, greater care 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 different ma terialé ':ls Mdicafed An:Figure 8,

I )f\ )3"'_!..”'{-."’-"“}:‘

Leak Tightness

Once a pipeline has been installed, the pipe should be hydrostatically 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 ascertajn if there are any cracks in the pipe wall; with a tough

P
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material, cracking is an unlikely ogcurence, and the test is more one of pipe-
line and joint integrity, Some materials absorb large guantities of water, e.q.
prestressed concrete pipe, and it is necessary to make due allowance for this
water absorption, The cost of testing reflects the anticipated pipeune mtec-'
; rity and the spaed of achieving an acoaptable test rasult (see Plgure 9) .

f Installation _ .
Installation costs vary for all the different materials. This can be dependant
upon the actual trench width influencing excavation andureinstatement Gosts,
the type of backfill, the number of joints,.resistance to damage, ease 6f 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-
sult in significantly increased installation costs which could more than off-“
set the initial material savlngs. In the larger diameters, the cost of p;pa .
- pradominates in the total ins taua tion eost and: therefore it is of’ paramount
importance'that the' maxlmum economies pipe selection are- -achieved. 'I‘ha 1n-
. stallation costs associsted with large diameter pipes are still’ sigmﬁcang; and
. should not be over-looked. A schemmatic indication of the influence of pipe
material and’ installation cost is given in Figure 10. - ‘This 1s meant to illust~
rate-thé typical range of material - installation costs for pipes lajd in open
country in-good ground. In rocky ground.conditions, the ins tallation 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 slta supervision that the correct deoision can. be
taken. S :

Life Expectancy

All installed’pipelines ahauld be considered as national assets and therafore _
it is in the interest of the community to protect this investment, Thus, 1nmal.;
installed cost:of a pipeline should not always be taken as the overali cost,
particularly if one pipeline material has a predicted life of 50 years whilst
another has a life expectancy of 100 years. Obviously the case for increasing
life expectancy by providing @ 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 gulphate resistant cement for pre-~
stressed concrete or asbesfos cement pipes can be decided upon without re~ -
course to financial adv!.sera whereas extremely sopmsticated corosion protection.
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systems may need comprehensive technical and economic analysis.

w L
Often traditional materials such as grey Iron offer exceptionally good value
for money because the wide experience has established all the limltatlons
and identified methods of design, installation and operation to guarantee a
high probability of long life. Newer materials sych as plasties do not have
this experience and therefore it is wise to be consexvatave wheﬁ anticipating
the life' expectancy of any pipeline system, (Bromell reported o the Interna~
" tional Water Supply Associatfon m Kyoto 1977 an ‘increasing fatlure rate of

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® aré significant, This usually results in
selection of the next class of pipe,

- If surge ds 2 significant factor in the operating cycle of a pipeline, consider-

ation has to:be.given both to the maximum pressure and the associated vacuum’
condition. Thus: for complete Operational safety it'is necelosary to select 2
.. mater 1al such as ductile iron or grey cast iron (which have suﬁ‘cient reserves
of strength and resistance to collapse and leakage), or mtroduce surge sup~
pression equipment. Value analysis identifies the cheapest sclution, .

Ay ot
S .

*‘Earlier sections highlighted the need for examining the top loading conditions
-and selecting the correct pipe and ‘trench conditions to meet the foreseen
demand on a.pipeline, In rapidly developing countries new consh'uotion sites
: and regds plagce additional demands on estabiished pipelines. In these cir=
cumtances seleation can prove to' be a wise investment, o
It has now been established that each excavation in close proximlty 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 mo stress concentration facters resulting
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from imperfect bedding., Certain plastics and steel pipes are capable of large
deflections but they can bukle or collapse, GRP has limited resistance in
bending and it is essentfal to correctly install it. Ductile iron pipe has a
high resistance to bending stresses and is capable of withstanding significant
straing giving a good all round performance.

 Minimun Maistenance

Most pipeline systems operate with the minimum of maintenance provided the
pipe is of good quality and correctly installed: Oveér half the operatiPn fail-
ures in a cofréctly installed pipeline will probably be attributed to’external
interferende, ‘Thus it is recommended that only. pipes and fittings manufactured
to approved standards and backed up by a full quality control and ins pection
scheme are selected_. raining of operative to correctly dntall pipes is also
important, -Selection of a pipeline material which is resitant to installation
imperfections and external damage will also ensure a good maintenance °
record., R

Availability of repair systems should also be studed since a limited number
of failures is inevitable.

Finauy, consideration should be given to the cost of mstalung service or '
branch = connecticns . Only on ductile or grey iron systems can simple chez;ap
ferrules 'bé scréwed directly into the pipe wall, On steel systems welded
connections are available whilst on asbestos cement and plastics, wrap
reund saddles are required, In congested areas with many services in close
proximity, the cost of service connections can be.a significant factor 1n the
overau eccnomic evaluation of alternative pipenne systems. .

Analysmg 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 questlon of ,
source of supply. Some developing nations give preference to pipeline systems
with a local manufacturing content, whilst others prefer to buy at lowest cost
on thée world market., One compromise alternative which is frequently adopted
is in grey fron flanged pipework.. Grey iron pipe is purchased from overseas,
flanges attached locally and the sys tem supplied with locally _manufactured .
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grey iron flanged fittings.

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
materjal and 8voiding the subsequent expense of excessjve repairs or replace...
ments will be shown to be a bargain, Taking note of materials limitations r~
rather thantthdtr strength is a good approach to avoid the long 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 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.,

Dr,. Smith 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 ﬂtungs to go with it.

There are problems ‘of compat:lbiuty because people supply -

parts from: the Western World before standardization 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 gét

, into technologiaal breakthroughs there will be loss of benefits,
. ‘ ‘sometimes some headaches.
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RECOVERY OF ENERGY, FERTILIZER AND WATER FROM STRONG ORGANIC
WASTES BY THE ANOX PROCESS '

by D. Evers, B.Sc., M. Inst., W,P, C (Dip); M.R.8.H,, Managing
Director, D. Evers & Assoclates Limited, United Kingdom

i

General _ g

'D. Evers and Associates Limited offer Turnkey systems far continuous and
,_,automatic effluent BWedtment and provide and experienced team of systems
engineers working in the effluent process environment, . o

The principals of the Company have a background in effluant process engmeer-
ing and are experienced in managing capital projects with a focus on pollution
control. ‘

D. Evers and Assoclates ILimited is a young company with a new formula for.
improving process economics through an :integrated systems approach to pro-
cess ongineering. \

D. Evers ar‘igi_jA'ﬂisociates Limited 15 a-specialist in process plant and, in part-
icular, effluent 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 equipmant 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
s#.,cessful creation and future profitable operation of total systems.,

The Evers/MECOMB team has been structured to provide multi-disciplinary
expertise in finance, systems analysis, en'giheering equipment selection and
procurement as well as contract management; training of client’s staff and
plant maintenance. ~

; ::1'« . :
D. EVers and ASsociates Limited and Mecomb Co. Pte. I..td. offer this total
service. S By T 1 :

R
:

I:)..”B*_mersr -and A‘ssociates limited has developed a number o.f processes, and
can confidently handle almost any polluticn problem. g
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The Companies specialise in advanced waste treatment techniques such as:

a) Biological treatment with pxygen
b) Anaerobic digestion
¢} Physico-chemical treatment
- d) Electroflotation
e) Catalytic oxidation
f) Ion-exchange = : 7,
g) “Reverse osmosis and desannation e
h) Carbon filtration ' ‘
1) Solidific.atlon of toxjo and Intractable wastes

Laie

et
N AJRS

and through their associated companies produce package: treatxnent systems in
all these categorles and many more.

Applications include effluent process control in the 'fellowmg areas :

Agriculture: Breweries and distilleries: Carpet Manufacture: Ceramics: Domes=
tic sewage: Food prepearation and canning: GaIVanismg- General chemicals*
Leather and tanning: Marine wastes: Metal finishings Non-ferrous metal’ pro-
cessing: Oil treatment and sludge solidification: Paint ‘technology? Paper pulp
and carboard: Pharmaceuticals: Phenols and cyanide: Plastic manufactures -
Slaughter-houses: Steel manufacture and processing: Synthetic f:lbres. Textiles
and dyeing Wine mdustry.

3
-

Additional areas 1nclude' |

Closed loop fish farm systems: Drinking water supply: Fume scmbbtng and
odour control: Swlmming poel recirculation and treatment.

Om-.a pproach 1s exn‘emely ;lexible and consequently the best solution, both *
technically and economically, can be found for any 'problem. wt

Ome of the processes developed and patented by D. Evers and Associates -
Limited which has attracted a great of interest worldwide because of the énergy
recovery aspect and its signiﬂcanoe i.n this present energy c:l.rs:ls is the ANOX
process. .

The ANOC Prbcess is a system developed by D. Evers and, Associates Limited
of Worcester fp; the 'treatment of strong organic wastes to produce a clear,
sterile and re~usable M;quid, and a solid suitable for conversion to a fertilizer
or high protein food,: whilst being completely self~supporting energy wise,

This is achieved by using a highly efficient anaerchic digestion ﬂrst stage..
which reduces the BOD by approximately 90% and gives off methdne in a Blo-

o
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gas. The surplus gas is burfit 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
 converted.to-electrical energy to supplement, or even totall.y satisfy, the

~ ' pbwer réquirement of the entire establishment, * .

The anaerobic diges tion process involves a complex seﬂes_ o'fil‘-;;eec':tiz"ms brought
about by a mixed culture of bacteria. Two phases of decomposition occur in

the digestion of organic matter: the liquefaction and gasification stages, . The
end products of the liquefaction stage are utilizéd in the gasification stage.

Bacteria are the essential ingredients of the process. Their reactive potency
is partly explained by their tiny size and consequent massive external surface

7 .area. Man has a surface area of 0.16 sq.m./kg. whereas bacterial have a

surface area of around 62,500 sq.m./kg. The bacteria needed occur naturally
and will increase in numbers as the process conunues. -

The UHquefaction of organic matter occurs when enzymes catalyse the hydroly- ‘
sis of complex carbohydrages to simple sugars and elcohols- lipids to glycerol;
Protein to peptides and amino acids and fats to fatty acids, . These hydrolysed

_organlcs are further hroken ,down to organic acids by anaerobic baeteria. :

The gasiﬂcation sr.age consists of the conversion of simple organic compounds
to the final end-products of carbon dioxide and methane, plus an Inert organic
residae known as digested sludge.

Liquefaction and gasification occur simultanecusly in a. well balanced system.
The two phase nature of the anaerobic digestion process 1s brought about by
the presence of at least two large and physiologically different bacterlal
populations. The composition of the input and'the enviromhental conditions
applying are major factors in determming which species predominate at given
times in the digestion process. o

PROPIONIC .
ACID L METHANE

ACETC ACID — D
| ~© " °  CARBON DIOXIDE
- BU IC ACID o N . C02 . i .\,_u; [

S zh
b C T

CARBOHYDRATES
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Active bacteria are present in anaerobic digesters in concentratjons of 1 - 10
million per ml, Comparing these figures to those found for nan-methanogenis
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. .

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% ejther way.

The calodﬂc value of bio~gas varies from about 580 to 750 BTU per cubic foot,

It is' about 16,000 BTU per Ib. 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 bamperature is
300 - 350° cC.

Methane has a higher calorific value than petrol (23,000 BTU/lb. compared

to 18 - 19,000 BTU/1b,) 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 va ke than petrol,

¥ methane is highly suitable for internal combustion engines.

o ‘ .
The flotation system is unique in that it cOmbine; the use of chemical coagula~



tion and flocculation together with- ‘ ' L
mise spbce reqmremenu, and produces an efﬂuent Quawv supemr to oum
bmtderabla devalopment of lectrodé materm.l han taken plwe and h’m m-v

ler work on ‘the efectrolysis of sea. water to provide hypochlorout aawm
umqe traatment m coastal areas.. Lo _

MWIotauon 18 su&ceaaf&ﬂy used on the waste watar trOm piq m: and
found to be effective in minimising the COD and BOD content of the m |
Mquor body. Depending upon the actual suspended solids level and Jm thn
aoluble COD contant, the treatment time varies fmm 30 to 90 mlmlteh

!‘lm appued power to the electrodea is 600 wetts per am metre and um 2
power cost of 2 Op. per k.w.h. the operaung c:ost ts estabushed a: L2 p. por
0“& memo L

o e i

Catalytic oxidation is coerosive attack by o geg;nb;edbmin;htb a8 8 resilt of

the radical or fonic bursting of C~H and C~C bonds or by addition at double
bonds,  The reaction is brought about rapidly. by ‘initiators which supply first
of all the desired or necessary initial concentration of radicals, to start the -
chain reaction or oxidative breakdown. Once initiated,-the chain mcﬂm u
under normal ctrcumstanc;ad brought to a half by bresk-off reactionss s

namx formation is achieved by excited dissociated.or at least in pm mod
gases or gas quantmes. eferably atmospherie afr. The excitation and dis-
sodiation of jonization of the gaseous reaction partner is effected by ruamm
or electrical energy; ¢.¢. in a field with a Townsend or corona discharge, -
The éxcited, dissociated or fonized gas particles thus formed reect in water *
and 10-some extent inorganic impurities, then also with ﬂga water 1&&101!, w'mt
radical formation subsequmtly leading to hydroperoxlde. o _

As the naxt stage in the hreakdbwn :roaess, the réuumng and hvdmm
compounds thus produced have to be decomposed in ordar to mu a chain
reacuon, ‘a process which lﬁ aatalyticauy acceleratﬁd. D e

DEQBN‘TION (retention or restdemce) TIME the, umo which aw pomon ut thh

input remains in the d!gester~ diqester volume. - dafly input. c:oluma,
days. . ‘ P

s..,?'.,.,.". et i e
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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= "f
dation of the waste; units mg/} or-ppmi BOD céduses rapid pollution in rivers '
and is mostly soluble or very fine particulate materfal, |

COD = a measure of the total ofganic material in the waste which mighti\eveh-'
tually be degraded by microbes, It includes the BOD. Determination is by -+
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 pouution. : ,

TOTAL SOLID (‘I'B)l - the total amount of organic and inorganic material 1n”sus-'
pension and solution th a slurry or sludge, determined by evaporating off the
water, units% welight per volume, (i.e. g/100 ml) or sometimes mg/l),

VOLATILE SOLID (V8) = the organic material in the Total Solids, determined
from the residue left after burning’ off the ongan.tc material; units %. of 'I'S or %
weight per volume or mg/1 in original waste.

VOLATILE PATTY ACI.DB (VFA) - organic acids, mainly acetic, formed by mwro-
bial action on foodresidues in the animal intestines or while excreta stands
in tanks or during anaerobic digesuon' units mg (as acetic acid)/1,

AMMONIA NITROGEN (NH3N) - ammonia formed by microbial action on pto- :
teins. elther in: the ‘animal intest.tnes 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, wh:lle
sludge or digested sludge is the slurry after anaerobic digestion. ,

Raw.slutry feed o T 20,000
Quit of digester : : © o 3,000
From clarifier after ﬂocculation ' 800
Prom chemical coagulation/flocculation

electroflotation , \ ..o 200
From catalytic oxidation S S 30

Final effluent after ﬁltratlon T S R
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pH Value RS ,s

Suspended solids _ _ ; 4. . .. ... NIL
‘BOD S B -5, qu/l
Ammbrua“ _ - - 0.1
Nitrate - -~ o o 0,05

. Coliform bacteria 04n 100 ml,
Total bacteria - 04dn 100 ml, ..
Rigester Sludge.

1) Solids content reduced by 40 - 50% i.e. 7% -4, 22 3.5%
2) After settlement. sludge. reducmuy 30% «» "+ s0lids.conc. increase to 7,2 -
6, O%.

a) Cattle . 0.59% . _ 0.2 -0.4%_ 0.5~ 0,6%) %
Plgs T U0.6% . 0.2-0.6% 0,2~ 0,4%) wet
Poultry oo 1 2 - 1 8 - 1.4 - 148%0c7 - 1¢2%)

welight
~Human L
‘{Sewage Sludge) " ' 2, 05% IR 4.4696 dryweight

b) Anaerobic digesuon ‘does not decrease dertilizer value. If supernatant xs
not seperated after digeation, at least 50% of N present is as dissolved
NH, thus increasing the availability of N. N .

¢) Phosphate -~ unchanged.

d) Potash - availnhla at 75 - 100%

@) Nutrients from 1 tonne of undiluted waste ' :

~ Total nutrient units/ available nutriant unlts. g

‘ :N P K N P K :3&1-‘
Cattle 104 10 6.6 10
Poultry 353015 21 15 1§

f) Digested pig slurry fertilizer value N,P,K = 6.8%, 6%, 1. 5% S
¢) Digestion prevents “acorching® by removing organﬁcu and omanlc act.dn. 5

In general digestion does not remove nutrients but makes the nutrients more
available, it also removes underirsble organics and pathogens,
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DATA SHEET NO A/11

Slaughterhouse 0,71 78 - (1)
Sewage Sludge 0.7 68 - (2)
Maize Starch 0.67 68 (3)
Distillery Grain 0.68 65 (4)
Poultry Manure 0.6 60 (5)
Pig Slurry 0.5 70 (6)
Yeast Waste 0.5 68 (7)
Cattle 8 lurry 0.3 65 (8)

BTU equivalent of 1 m Biogas = 21000
orQELZJussaguauga

Other materials that can be economically digested are:
Domestic refuse, crop residues, wood waste, rendering condensates . mdust-
rial effluents, etc,

In effact, m.eﬁlueﬁt with DOD ewér apprascimetady 5000 mg/1 and with -
recycling of solids wastes, down to BOD's of less than 1000 mg/l

Only mre~requisite is that C:N ratio should be less than 30: 1, ideauy about
20/25:1,
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Are you working with any Agian bodies on this?

Yes, we are dealing with the Sime Darby group as well
as Mecomb, We are also investigating blg farminq in .
Singapore, '

I am wondering = we are living in the centre of ah area

in which bicgas and alcogas are being rapidly developed,

I think it is a 2=-way thing and Asja has a lot to teach
Europe. There is hot a great deal you canwach Asi.a about
qaaohol. ‘e

I think I agree with you, The polnt Iam t.rying to make is
that-a lot of :our systems wark and also the knowledge for
a secondary and tertiary treatments are important,

"I would lke to add'another point; it scunded lke a package

which you can buy but you actually tailor it to mdividual
needs, donit you?

Yes, indeed .

How does the cast of these energy fertilizers which ﬁrou
described compare with the conventional source?

The cost is much the same, It is the recov'ew.whiéh makes -

the difference, As far as cost goes it is what 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 yout wish to -achieve,

The Anox process - what 1s specia.i abwt 1t?

It 8 a registered trade mwe.

.yi;

‘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 duseems very interesting, Is that process
employed on palm oil waste?

Yes, we are doing it for the S¢me Darby Group and Mecomb,



" I'the early 1890's, two of the last surviving private water companies en-

a

" "DENVER, COLORADO: CASE HISTORY OF THE DEVELOPMENT OF A WATER
' SYSTEM IN A SEMI=ARID AREA .

A

by. W,-EH.z .Miller. Manager, Denver Wg’:ii:e:f"Deparﬁ_n'qgj:f_y,_S A, L

gy
,

Water, either too much gf it or not enough, is. 1nterwoven in the history of
Denver, Colorado,.. Early settlers found this out tq. their chagrin when they
built thier houses and businesses on the banks of the inndcent-looking:Platte
River and{:herry Creek only to have them wiped out by a massive flood that

occurred in'May of 1964, These ploneers dipped water by the bucklet from
the South Platte and carried it to tent or ¢abin 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 ‘Béen:a news maker, The first wsue .of the Rocky: Mount- .
ain News, :published by WilMam Byers on Kpril 23, 1859, 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 Company, This ditch company. was incorporated in: Novem=""
ber of 1859 under the laws of the territory of Kansas, 17 years before Colora~ -~
do attained statehood. T s ‘

(I
S

History
3

The kansas Territorial Legislature, in 1966, granted Denver City (Incorporated‘
in 1861) the power "to provide for and regulate the manner of introducing T
water into the City for irrigation and other purposes.”

By 1870, Denver's population was 4,759, and water was a. critical problem. :
The Denver City Water Company was formed in November of 1870 to-build a !
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.

gaged in acompetitive battle that resultéd in one actually giving away free.

water 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 v
water rights and to build storage and treatment facilities.

Jr— Y RPN
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Large storage reservolrs were needed because 50 per cent of the annual water
supply in Colorado is proyided by melting snow, during a pericd of about two
months. Balanced distribution through the year requtres 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 parualh(
conatmcted dam, but work continued later that same year. ' g

In 19_05. Cheesman Dam was cbmplatad_-.and named for the president of the
.Denver:Union Water Company, Walter D, Cheesman, It was the major
accomplishment of the company, and for many years was the world's highest
dam -~ its granite blocks, some wefghing five tons,rising 233 feet above the st
‘stream bed, In 1902, the company completed Marston 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,

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 eourt 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 polities of the time which was described by one -
historian as follows: "The Denver Union Water Company deeply mterested
ftself 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 Commissionetsias a mﬁ-@fit, n-pouucal
commissjon, and it remains so today. The Departmeht entrusted to it is
financed entirely by the sale of water. It receives no tax monfes, ‘and re-~

venue from the sale of water cannot be used for any other city service. Major: =

capital improvements require bond 1ssues a pproved by the voters, Bond are
repaid by Department eammgs. . |

The City Charter provides that ratea wﬂl be fixed by the Water Depamnent
“as low as good service will permit" but will be sufficient to pay for opera-
tion, maintenance, reserves, debt services, additions and extensjons, in-
cluding those needed for anticipated growth of the Denver metropolitan area.
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Good service to the community has baen. the. fesponsibilisy of the Denver Water
Department since it became publicly owned, Unfortunately, "good service"
is pot 2 gimple.commodity to renders :For éxample, early Defwsﬁtes weren't
the ;mly onqs %@oh{m t.o thp mmiﬁ,a*‘iw w&ter supply soumes. :

. Tha m-wmqa-high Colorade Rmkxes are the heidwaters ot four majm' rIVér
:‘", systems?. the South Platte, the.Arkansas, the Rfo Grande snd thié Colmado -
systems that are Smportant. to at least.nine othex states - (Map'h - ‘

It smg.d the whole ‘western. h&lﬁoﬁfthe nationh began. pppropriatﬁxg Calorado
wawgas settlers moved to the frontier .- The ¢lésias have been upheld, for the
‘most party. by the U.3, Supreme Court; and mege than half of the: state‘s aﬂ-
nual sugply mmamsr auettad to: mmwtmes and Mexlco. D :

m?\iq,!; tne;yeezg. Colorado aqrminme hes astablished rsgms +6-95” per cent
of the water left for state uge.~~ for:frrigation; . 76 the tresent time, Colorado
cities and towns have claimed and used only 2,7% of the state's: retained |
_ Wwater supply, Denvery with 40% °o£ ths state’s pépﬁ]auon, uses only 1 3% of
i - whys 1 Supph’p" T AT _ "_ B _ ¥
. Ui Wapﬁanon demmnanm Gémado- and the oﬂten ,weﬁtem
staw ] watar rights are based,. Colarado water balongs to alldhe peaple; idnd
those who first pat it to a beneficial use receive the first rights. Even so.
th.e large. majority - fothe state 5 wam%md “im agﬂculture. R
S } T t_u o
“ Angther Ae3% of the state'swatat. 1a-usediby incistey other then: ugrwuxmre.
. Pregsmtly, the corporate; limits of the:City and County of Denver contain a!‘nut
115 square. mﬂes, of which 17 %.or: 20 square miles 45 still ﬁndnvefﬁped. .
- Potable wa;er samics is. suppu&d“’ﬁe ﬂpmwnate’l 510,000 paopie wgthm the
g C;:;w.’.;:: T N g - < % 'M'V"";

'I‘he Deparunent's water serg‘tce,‘_ E cqd f mma mwtﬂed by Gortact’ ﬁn‘eugh
- 138 distributors {nunicipal or quasi-municipal corporations), The dlstrmuct
contracts are of three types:

1) Master Meter = distributor is totally responsible for operat‘pn and main- '
W mmemm readaxg and bﬂung*’ .f :

“‘ 3 '
3 ” L .u
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.. butor is res ponsible for Qperatmg and mamwmmé:

3) Tctal Serviqe - Dﬁparmm is responswh ior all atpécts of the water
system. In addition, Denver. wus [aw water:to the city of Arvada, the -

. rial users,

P B
A b h

‘ -

The preaent outstde Denver service area cont&ms 181 square miles, of which
105 square miles or 58% is undeveloped. In the outside area, aptmxlmately

315, 000 people receive treated water and apmhnately 84, 000 people obtain

a “‘W water BuPply from: the Departmant. L. EE

In addmon to furnishing water to meet the domaatw, mdustdal, mmm!hl.

_rec::eat:lon and rrigation demands, the Departavent presently sugpﬂaa mter b
"’;apprqx:lmqtely 9,000 fire: hydrants within the metro area, ‘The supply and
“asgociated water pressure is the. major reason why:Denver is rated by the

“National Bureau of Fire Underwriters as a Clags 2 City, one of only a very

few.cities in the nation with this excellentrating; As & result. cme a:‘"aa ré*
. sidents. enmr ﬂie loweat ﬂre mnumnwrates mﬂab!e. IR R

 The M.S sﬁwm ponw 16 to u*wide a water samﬂy &dequate to mret the’

fluctiating demand:at'all'times. A lesser service commitment would sericusly

- jwopardize such essential needs as fire protection, hospital and sanitary ser-

vice, and would adversely affect the health,. qemml welfare and quamy M
life of all people recawmg Derxver water sewm e

CThe Denver metro (araa'n treated water needs ars mdmmmuy ihﬂmmed by

the region s arid climate and short growing season,. - The present total annual

raw water demand of 267, 000 acre-feet {which includes-treated am!mw water

deliverles) increases steadily as additional people require service. A- *diy"
versus “wet" year.may ‘tause the annual raw water demand to fluctuate as mu

‘much as 10%. ‘The pregent "Asmraqe Day* treated:water demand (votal Quanu-

ty used. durmg a year divided by 365) is approximately 210 million gallons -per
day (MGD). The daily demands during the winter months of November thxough

- March average approximately 108 MGD. During the summer months, max: day

demands are sometimes in excess of 500 MGD.. The hau#ly tréated water da«- -

. ‘mais presently range from a 60 MGD flow rate durmq winter niohta to a htqh

of 820 MGD ﬂow rate durinﬂ peaklanm:ner perwds SN TS

D
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The. Department's raw water supp!y Js almost exmmly defived m surface
diversion of snowmelt runoff through thiree major collecttion systﬁms: the -
Sm;m Platte Couaouon sysmm. the Roberts Tunnel: Canwuon System, and
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the M-offat'Collectlon System, -

The South Platte Collection consists of direct diversion and ‘storage facilities
located on the main stem and the South Fork of t’he‘South Platte River and
Bear Creek. In the upper reaches of the South Platte,’ Antero, 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 fow 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 Rlver on the Eastern Slope near the town of
Grant, Colorado. C ! _ _ T

The Department s water rlghts on the Blue River permlt 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 Eastem Slope where it enters the North Fork of the South Platte -
River for subsequent diversion a South Platte o anyon Intake Dam. (Illustra- >
tion B) : s
The Moffat Colleotion System conslsts of dltrerslon structures, oanals, con- o
duits, tunnels and storage reservoirs which are used to coIIect and dellver

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 back. Basing,. ...t
Combined with Fraser River Basin diversion, the water is trans ported back

again to the Eastern Slope through the Moffat Tunnel which discharges into

South Boulder Creek for temporary storage in Gross Reservolr. In addition, &

portion of the natural stream flow in South Boulder Creek is stored in Gross :
when in priority. Releases from Gross are made into South Boulder Creek. - okl
The water is then diverted out of South Boulder Creek near Eldorade. S prlngs b
and conveyed by a series of tunnels and canals to Ralston Reservolr. Cr

Ralston Reservoir and Upper Long Lake also derive a small quantity of water
from Ralston Creek when their storage dec:rees are 1n prlorlty.

The Department's water in Ralston Reservolr is then conveyed to Moffat Treat-r
ment plant. (See Illustratlon C)
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The total ahnual supply varies yearly, depending upon the snow pack. l?or
exmaple, the unregulated runoff avaﬂable for diversion by the Departments
existing collection system 18 estimated at a maximum of 680, 000 acre~feet

during s wet year and a mmimum of 130 000 acre-f.eet during a dry year., By :

careful management of the runoff and utilizing storage facilities for carry~-
over storage during dry years, the existing. raw water system can deliver a .-

firm annual stpply of 298,000 acre-feet based upon hi.stodc runoff and wea=

ther patterhs.

Jreated Water

The Department has there treatment plants with rated capao:tties as fonowe- ;

Kassler Treatment Plant -~ 50 MGD, Marston Treatment Plant =~ 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 quamy remains high.
(IllustrationD) T | TR

The Department’s three treatment plants are interoonneoted by a large con-
duit system forming a com plete loop 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 ¢lear water etorage
reservoirs are made during the maximum demand hours of the day. The reser-
voirs are then refilled during the late evenj.ng hours . il

‘ll Ezamn'ﬁlﬁhg!!l““, ; ;\_[ ORI

Vil

In order to assure that the constantly ﬂuctuating water demand ¢an always be
- met with an even greater fluctuating supply, the Department's system is

operated in accordance with a comptehensive -plan.  The Department's opera- :

tion plan provides an adectuate water supply to the metropolitan area at all -
times, even during drought years, and maximizes the total water supply with
appropriate oonsideration for eoonomic and envtronmental nnpacts. . | i

The treatment capabilities discussed can be achieved only when all condittons

are ideal. Mechanical breakdowns, raw water quality affecting the interval .
of filter backwashing, and other factors affect the amount of water that can be
treated at each facility. Because of the complete integration of the Depart.-

b
P |
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ment's treated water system, water-can, in generai, be supplied to all parts.
of the Denver metropolitan area from any one of the three treatment plants or
any combination thereof. :

Economics, particularly within the filtration and. treated water transmission
and distribution system, play an important role in the Department's operating
plan. Pumping creates the biggest economic impact. The water output from

the Moffat Treatment Plant cail e supplied to much of the metropolitan area -~ - -

by gravity, while most.of t_he 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 Moifat Treatment Plant to the fullest extent
conseistent with raw water. availability. . : ,

The quality of raw water supplied to the treatment plants constantly changes
throughout the year, As;a result, 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 reguletions .

In fact. drinking water delivered to Denver water cus tomers is of higher qua- L
lity than required by the Act. Purity and quality guidelines sét by the Denver “

Department not only pre-date the congressional actionm they are considerably .
stronger tha: the federal "Maximum Contaminant Levels, u (MCLs) ' .
More than 19 000 chemmal tests, nearly 16,000 microbiological tests, more
than 1,000 bhiclogical examinations and 17,000 field tests are conducted an=
nually be chemists, microbiologists 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 reser{roirs are typed from microbiological tests, Bio=~"

- logical tests determine the presence of any of the coliform group of micro~

scopic organisms .

Both raw and treated or "finished" water also is constantly monitored at. -
.;‘:Deﬁ\ier's three treatment-plants,
lbctensive checking begins on Denver s watersheds on both sides of the Rocky
, Motintains which devides C:olorado. Numerous streams and rivers flowing

i into DenVer 8 resérvoirs 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 inta a. Denver reservolr,
Denver's mountain reservoirs and rivers transporting water to Denver are ana=-
lyzed regularly., Even after the “finished" water is on its way to customars,
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the microbiological staff analyzes some 90 samples from various points
throughout the metro area once or twice a week,

All 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 ptocessﬁng plants receive careful m-

specuons. - :

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 ¢vdluated, réviwhd and changed to meet
the constantly changing supply and demand conditions. . It this regard, a
computerized operation is presently being déveloped 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 dis_cussed in Section I of this report
clearly substantiate the need for additonal treatment capacity. Without 1t,
some of the people within the metro area will surely be without water and".
others will be on severely rastricted service. The additional of the Strontla "
Speings Diversion Dam, water tunnel, and Foothills Treatment Plant will _
enable the Department to increase its treatment capabﬂity beyond the present
level of 520 MGD. (Illustration E) ,. :

'rhe 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 S prings Diversion Dam. in exactly

the same way as it 1s 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 Marston

and Kassler is 310 MGD, there is sufficient existing raw water dellvery capa«~ .
bility for an additional 890 MGD of treatment capacity. This delive:y capablw
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 oonveyinq water from the Roberts
Tunne!l collection system, No changes in the existing collection facilities .
within the Sou’: Platte and Roberts Tunnel collectlon systems will be required
as a result of the Poothuls Projec;t. _
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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 system in Section II. The gleva-
tion of Foothills is ‘such that water service to most of the metro 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, Marston, Kassler
or Moffat will be put into operation, The energy conserved throughout the
ex:lsung system by this. operation is estimated to be approximately 21 000 000
KWI-I annually for the first 125 MGD Foothills addition.

The power generation feature planned for the Foothills Project is also an 1m-'
portant aspect, It is estimated that 11,000,000 KWH of electrical energy
will be generated on an average annual basis by. the first 125 MGD unit. _It'
is also estimated that the average annual power requiréments to dpérate 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 plua“the
associated power generation features are certainly positive factors in view of
the present national energy situation. Additionally, the treatment plant will’
be self-sufficient from an electrical energy. standpoint which wm be particu-
larly signiﬂcant in the event of power outages._ .

The Foothills Porject has been in the active. planning and review stage for tha
past 25 years. It is the most cost effective plan for adding treatment capacity
to the Department '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 donstmction of add.ttional
raw water supply and treatment projects. o . oo

Good service, at the lowest possible cost, 18 stm expensive. ‘The Water
Department's budget for 1679 was 7.4 million, . Do
Denver supplies water for more than 900 thousand person =- 40% of the state ]
population, yet uses only 1 3% of the water available for public supply.

The problems which faoe the Watex‘ Department in the . future are myriad but
they are not msurmountable._ Just as men of the past’ faced and oqnquered .
formidable mountain barriers to claim watér ‘of the' highcountry, Men of today
must face the complexities of the future. Thoughtful protection, advance
planning and careful menagement are essential for oontinuing good watec and
good service, - - B S :

S,
Y



~150-

WATER POLLUTION CONIROL IN ENGLAND

]a_y The Water Directorate, Depar-tment_of the Exi_vjironmeﬁt,l London, England

England ,has a long his tory of concern for the protection of f,h‘e 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 and
‘expanded several times. to reflect changes in social conditions and the ad-
vance of technology ,, Generally the process has been one of evolution, *
bullding upon and. improving the previous arrangements, rather than establish-
‘ihg completély new ones. The purpose of this article is to summarize this
deveiopment and to explain the current position.

Administration. A

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 pollut:lon in both -inland and.¢oastal waters and the use of inland
waters for recreation and navigation. 'Althcugh’ the overall respons ibility 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 mdividual 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 been'the
practice in this country for the central government to lay down the statutory
framework for controlling water pollution but, whenevr, possible, to delegate
the actual control to authorities operating 'at a 1egiona1 or local level., Thus
the Act of 197 8 gave the responsibility for enforcément to looal government

* The Rivers Pollution Prevention Act 1976

L
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bodies, such as town and district councils.

In the following vears, as the population became more and more urbanised,

the use 6f 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 "~ i .
the whole length (or at least considerable stretches) of the major rivers., AP
Only in this way was it possible to approtion the capacity of the river fairly
between the various towns and districts which relied upon it. Initially theae EAY
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 sl
estabhshing them over the whole of the country. s

The river authorities remained in existence until 1973 when the Water Act’ of BRI
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, Sevem/
Trent etc). The water authorities have responsibility for the management of - i
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 ﬂsheries, LR
and I:he use of the water for amenity and recreation.

The water authorities are autonomous bodies. ]ust"c‘wer Half-of their members. ...
are nominated by the.local authorities within their areas, and the remainder

are appointed by Ministers from people whose background anad experience:

make them suitable candidates ,E;ach authority has'a permanent professional

staff to carry out the day-to-day ‘tasks. They are financially" self~supporting, "
deriving their revenue mainly from ocharges for services such as water supply

and sewage disposal. However, the Government _has retained overall control: .
of public expenditure, and each water authority is limited in the amount of - - R
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, togets

her with a published report g;v;ng details of the Wc)rk ‘done during the year and

an outline of its future polic:y and programme. In addition to the controls over
capital expenditure, the Sccretary of State for the Environment has power to

‘compel a water authority to carry out its duties if it should be held to have- « o
neglected them ~- thdugh it has never been necessary to use this power. The B

S s | L Gt e e g e e
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* The River Boards Act 1948, R



w152

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 oonneotion with a ppeals
galnst certain declsions 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 laison is the National Water Council which was set up by the same ‘
statute which established the water authorities and which consists of a chafr-
man appointed by the Secretary of State, the chairman of the water authorities,
and other members appointed by the Secretary of State and the Minister fdr
Agriculture, Fisheries and Food. 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 ‘thie
Govenment and the authorities, and res pox,_:'.ebilities for co—ordination in areas
such as research and tralaihg,

T

The law In Relation ;g Watgr Polj,gt;g_r_l*

As already mentioned, the first statute designed to contro.l water pollution
‘was the Rivers Pollution PreventionAct of 1876. Under this it was made an’
offence to discharge séwage or polluting matter 1nto a watercourse. The Act
';tovlded for local authorities to take:.legal proceedings against offenders
after having obtained permission in. each case from ‘central government. ‘The
court could require the offender to obtained from commitung the offence or
order him to treat 2@ discharge in a Specified manner in future. Before - -
 making ar,\ order the court might obtain 1nformation on “the best practical and
availablé means" of treatment, and the nature. and cost of the necessary
plant, A-certificate from a Government ins pector eertﬂying that a partk.:ular
method of treatment was. "the best praotioal and available means" was to be
regarded as conclusive. '

*Quite apart from the statute law on water pollution-deseribed 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 ldke 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~-

. hative to prosecution for statutory offences.
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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.

A lthough the 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, estuarles 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 beén madeby then,

" 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 1951 Act.

'l‘he Water Resources Act 1963. extended the control system to cover discharges
to underground strata via wells, pipes or boreholes.

ischarges applying for consent under the above legislation have the right of
appeal to the Secretary of State against the 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

wi fOr any contravention of the consent conditions. Consents for water authori-

“ties' own discharge {e.g. from sewage dis posal works) are given by the
~ Secreaty of State: in general the conditions included are similar to those im-
v 'posed by the water authority on other dischargers. _

_The legislation also’ em,powers ‘water authorities to ,make by-laws to prevent
‘réfuse 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 ﬂtted with

*Deﬂned as any river, stream, watercourse or mland water (whether natural
or aritificial) but not including any sewer or any lake or pond not dlschatg-
ing into a stream.
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sanitary appliances 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 1937. y
Under this legislation it'is an offence to discharge into public sewers. any ;
matter which by its nature or its temperature is likely to damagé the sewer or
the treatment process: and in . Jdes o safeguard the condition of the water to
which:the treated mixed effluents will ultimately discharge authorities are ’
empoWered to 1mpose conditions upeh 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 IT of lt, 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 of State,. and fand=locked lakes etc.) and. also to land, since
substances discharged to land frequently find their way into water. Controls
which previously covered bnly non~tidal waters and designated estuaries will
be extended to cover dischargées:thibugh pipelines to ‘tidell waters or the sea
and discharges from: working mines (which were previously exempt). | '
.. ) : " _,J \ ,u_u '''''
Virtually all f.orms 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 casualor s pontaneous acts of pouution-
- such.ag the/dumping ‘of rubbish into watér or the'uncontrolled s praying of ,
pesticides etg, In additfon there are powers fbr the Sedtdtary of State'to’ m’ake
regulations:go that anyone in confrel of a pollutihg-suibstance must take pre~
cautions to prevent it getting into water, and t¢ prevent the- Cearry:lng out ‘of
certain activities in defined areas {f 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 avauable instead of having to be appued selectively through byelaws. '

A feature of the 1974 Act 1s the scope it affords for public partici.patwn m L
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 acoount 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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Standard of Control

There are no mandatory standards laid down by central government. either for
-water quality generally or for discharges. Decisions on standdrds 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 (RQOS) 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 're'quirement 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 80 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 aprrop-
riate degree of protection necessary in the particular circumstances, thus i
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 gmanagement 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 lookto big buildings doing lots of
experiments where we get valug-for money. I think we do.
Perhaps in the past we got water oo cheap. Now we have to
pay and now we know the true cost.



o
[

.9—156;1;:u .

Dr. Grombach: Are there any mandatory standards set up by the central
o .government or water authorities and if not who looks after
- these?: co S
Dr. Smith: = There are some mandatory and voluntary factors. I would
- ' dodge that question.because I can't tell you who is
resporigible for that, It may be the authority who says he will .
. not have that loval of pollutjon coming into the water source.
~ It might be a tradition which has been set and followed. But’
' Ican t say it as a'definite fact,
Mr, Gilbeck: I was on the working. committee of the , -
. Certain recommendations were made by this committee
" which were supposed to be implemented but hever were .
There is much inconsistency on what is acceptable in the UK,
Certain authorities are extremely severe on some industries,
whilstothers are far more lenient.
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WASTEWATER REUBE IN THE UNITED STATES

By

Curtis J. Schmidt, P, E,
Principal, SCS Engineers
' Long Beach, California

Planned wastewater reuse in the United States has increased dramatically
during the 1970' 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 encouragityg reuse of
resources , and greater awareness of reuse potentials Ly the public and ervison~
mental professionals Other countries are experiencing simﬂar mcentives
toward wastewater reuse.

It ig the purpose of this paper to provide a broad ovetview of wastewater reuse
practices in the United States with emphasis upon how the wastewater is being
reused, It 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.

' Most wastewater reuse 1§ 1nforma1 and goes largely unrecognized by the public
and many professionals.

PR S ..F TR B B R

Virtually every ma jor surface water. body in the United States contains domestic
sewage effluent, mdusmal wastee ‘urban and agricultural run off. These:”
wates are the drinkmg water eupply of much of the nation's populatton. It 15
selt'-decepuon to fail to recognize thJ.s situation as de facto reuSe of Waste-
water for potable purposes. -

A ‘similar situation exists for groundwater resources, Hundreds of munic!pal
and industrial wastewater treatment plants dispose of their effluents to the
.land, .Thousands of wastewater lagoons percolate efﬂuents into the gtound.
"Millions of septic tank systems leach their wastewater into the ground. Most
of these wastewaters 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. - S

The present interest in formal, regulated wastewater reuse projects is simply '-
- bringifg focus upon an informal practice which has existed "in the closet®
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 unconitrolled 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/insecticides, 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 simply 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 formal, well monitore‘d_wa_si;evvater reuse is preferable
to the relatively uncontrolled informal reuse described above,

e ces

The volume of wastewater available for potential reuse is significant; however,
the quantity presently formally reused is small, The U,S, WaterResources
estimated that in 1970 mun%;i%alities used 37,28 X _109 m3 (9850 bil gal) of
water, of which;20,03X 10"m" (7670 bil gal), %r about 78 percent, was
returned as wastewater. In 1971, only 510 X 10°m3 (135 bil gal) of municipal
wastewater treatment plant effluents were being directly reused formally as
showh in Table 1. The author estimates that this quantity of f ormal reuse has
fhcreased to approximately 750 X 106 m3 (200 bil gal) in 1979 due to new
projects.

TABLE I . Lo
Municipal Wastewater Reuse Practices, 1979

Annual Volume Number

_Type 106 m° bil gal of plapts -
Irrigation and agriculture 291 | 77 338
Industrial (process, cooling; c . :
and boiler feed water) 204 54 14

Recreational 11 .- 3 .5



' .Wastewater efﬂuent is used for irrigation at over 300 sites in-the United
o States, and accounts for approximately half the volume reused. Most of the -
f,.'.,_crops grown are not for ‘human_consumption., However, a suprising vazriabmty -
is reported in the tyres of crops being irrigated with municipal wastewater,

- Successful n'rigation ef 39 different crops was reported, ranging from turf =

-
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Nonpotable Domestic less than 4 less than 1 1
Directly groundwater recharge less than 8 less than 2 8

Of the types noted in Table 1, the majority of plants practice reuse for frriga~
tion, In terms of wvolume, however, irrigation accounts for slightly more than
half the reuse reported, with industrial reuse a close second.

Geographically; 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. :

‘Table
Geographical Distribution of Reported Municipal Reuse.

Number of Municipalities Practicing Reuse

, _ Indus~ Recre- Ground HyO

States . Irrigation trial - atiynal Domestic Recharge Total
Texas . l44 5 0 0 0 149
Califomia . 1340 .1 - 3 0 G 144
Arizona . .. . 28 2 10 1 1 32
New Mexico =~ =~ 10 0 0 0 0 10
Colorado S 1 1 0 0 7
Nevada . - 4 2 0. 0 0 6
Others 13 .. 3 1o 0 1 18
Totals 338 14 5, 1 i : . 366

(N o (0 i

(grass) for recreation (i. e., golf courses, parks, etc,) at 40 locations, down

':., '_,:to augar beets at 3 logations, Other crops included truck vegetables, tree
fruits and all types of grains, , w‘-‘;

"Approximately 80 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 'e_fflhentﬂ at some locatiéns . ._:-

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 asec:om;laargnr Of particular interest are
the high average TDS (over 800 mg/1) and Na ( over 300 mg/l) 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
trrigation, it can be seen that "violations"of the recommended ranges are
commonplace. Proper {rrigation management is the key. Consideration must
be given to the interrelationships between soil 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
afr,

Table 3 -
Quality of. Efﬂuent Applied to Crops

No. Plants BOD {mg /Y SS(mg/l) TDS (ug/l)

Crop irrigating® Low High .~ Avg -, Low High .Avg %ow High Avg

Grain 17 10 1100 180 - 10 173 71 324 1400 837
Corn 11 10 370 76 10 135 69 8 1114 601
Vegetables 6 6 1100 193 ) 127 31 5 1114 700
Fruit 12 ‘10 160 32 9 135 58 14 1400 :798
Cotton 26" 15 370 84 12 259 94 324 2250 854
Fodder 51 1 370 54 0 259 66 8 1450 641
Pasture . .. -34. - 7 --370 50~ 2 118 40 6 2250 839
Turf & ' : e

Landscape 47 1 80 19 0 200 26 43 2000 658

*Certain plants supply ‘watet to more than oiu-e_'crdp.

SN

Industrial Reuse

3

Industrial reuse of municipal wastewater eifluents equalg about 300 bil 1/r.
(80 bil gal/yr.); most of it 1s 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 geeeraﬁon

* Peﬁro-.-ohﬂem_ieanl.’ |

* "Min.l'n'é_",andv .dre processing

i In addi_t:@o_:i“i;héx?e".are- reports of some-reuse by
I* | Military mstal'la.ﬂons.‘l_

® Electro’nié' heﬁufeommre .

Y

* Electro—platers. o

As previously stated, the great. bulk of reuse is for cooling purposes Other
uses 1hc)1ude the follow:lng. C : )

* Ore mWSsmg. ) :‘ P | . ‘-. | _l ( - P ‘f e cnto

LEIE Air ’ponution scrubbers.= SRR '_ o e - .

*

‘ xVe‘hi.cle washing,

*  Boiler feed water,

*  Initial process washing,
* Product conveyance. |
The technology for using wastewater for coolmg purposes is well developed.

Table 4 shows typical additional treatment provided to the reclaimed water
for use as cooli.ng tower make-up. ,



-1 62~

Table 4 R :
EFFLUENT QUALITY VERSUS USER TREATMENT
REQUIRED FOR COOLING TOWER MAKE~ UP WATER

------

Effiuent quality

mg/1 User Treatment
Selected Users BOD 88 TDS .~ Processes
City of Burbank, CA 2 2 500 Shock chlorination, pH adjustment,
corrosion inhibitor _
Nevada Power Co, 20 20 1,000~ . : Shock chlorination, lime clarifica-
' -~ 1,500 tion, pH adjustment, corrosion
inhib:ltor- -
Southwestern Public 10 15 1,400 Lime clarification, pH adjustment,
Service Company shock chlorination, corrosion
Amarillo, T™X 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 geod quality and
quantity are available at low cost, treatment and reuse of renovated water

by industty had not.been sconomitally atractive,nThus, . it is ndty surprisipy
that most industrial users of treated municipal effluent are in the semi-arid
southwestern states where water costs are relatively high and water quality
tends to be poorer in terms of 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. supplles continue to be overdrafted, the problems of walt
water intrusions and depleted suppijes are causing authbrities ' 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 of
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,
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capital costs and operation and maihtamance redquirements are mi.nimﬂ, and
the soil providés exceptional tertiary treadtment under proper operating
conditions . Recharge by percolating is most successful when: 8S concentration
in effluent is low (less than 2 mg/l1); infiltration rates are high (greater than
2 ft/day)} and operation follows a cyclic flooding~draining-drying schedule
to reduce surface clogging, Where 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 deslgn and construction. Successiul
well injection recharge requires high quality tertiary effluent (e. g., BOD
less than 5, SS less than 1, FE less than 0,5, JTU less than 0,3 units)
usually achieved with chemical coagulation/settling, ammonia stripping or
nitrification-denitrification, 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 w =
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 bucoassfollykepels 8¥1t 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 exttacted water having received further
treatment by migration through the soil can be reused for irrigation, recreation,
or industrial purposes.

Qther Applications

Other wastewater reuse applications in the United States include: recycling -
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;

i, 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 prodice 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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The final morning of the conference was devoted to the formation of what wﬂl
be known as the WATER ASSOCIATION ASIA PACIPIC.

It was agreed by all present to form the above association and for mc’se
present to act as a protem committee with Dr. Suhaimi as Protem Presidenx.

The airns wﬂl be:

S

' 1-;'3 "To provlde an Asian organlzation for all mdustries 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 econemy. "

- 2, - "To provide an advisory service and register of facilities covering
+ recovery problems on Water Resources « Water Supply, Waste Water

S -removal and Water Protection.

3. "To publish a Iournal and other literature or material relating to Water
Resources, Water Supply, “Waste Water Removal and Water Protection
for the benefit of its member.

X‘

Its constitution wul be modelled on that dt the Asian Recycung ‘Asddciation.
Tt will be registered in Malays}a.! L

Membership fees wﬂl be: S e R

Indivldual Members L 40 $40.per. annum ‘
+ Corporate Members .~ i 100 per annuin”

Assoclate Members =~ i o ow 10 per annum

IO Iy - I SR ARt -

i Assaciabes wm not have voting rights- '

Enqulrts should be addressed to. o _::'-

Dr. Ari.fﬂn Suhaimi
' Paculty of Sclénoe & Envlronmentel Studles
Universiti- Pértanian. .Malaysia
' Serdang;’ Selangor
Malaysia S



i

Mmutes of meetlng h.eld on 7th Pebruary 1980 at PSA Conference Room m
reg rd to the se tting of upa Watear Association.

Dr. Suhaimi I think the idea of having an Assoclation for Water 1s
already accepted and if that is so then we should be think~
o Jng‘ of how we can set one up,: Perhaps the. workinq committe
- ¢an look at ' the problems of starting an Association think=
mg in terms of the proper means to officiany ‘form an
. Association. It will have to look into ,che detaus.

Mrs Rossit - :- We can assist you:but it would begin with at least 16
members, I think we.now have an up-to—date mformatlon
on where to go with, membership. From the govemment point
. of view and the private point of view.we can give you a
ST good point of settifig up anA ssociation. .

Dr. Suhaimi: If we do have the Association, rather the functlon of the

Association, are there going to be conflicts ?
Mr. Rossi: No, there wﬂl be no conﬂicts but 1nstead they wﬂl probably
be complimentary.
Dr. Suhaimi: I would like to, offer my services. Being at the University,
e perhaps we are a bit more free and more neutral so we can

- _ serve as a link, We have the Environmental Science
S 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 seoretarlal work,
Maybe I can use my own secretary.

Mr,. Rossis 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 Iumpur, 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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If we offer our services I think I can bring back this message
to my University Chancellor for his approvall I think that
there will not be much problem provided that the gathermg
hete gives a protem commmee. .

I think we should set up _a- protem commitee as we have a
number of country representatives here from overseas, It
ds a good nucleus if we can look to Dr, Suhaimi to act as
prime mover and supporters to aid in hia prime 'm’oving.

My fear is, of course. what is going to happen I carmot
get the approval and support from the University in Malay-
sial

You will be the protem chatman. The exemﬂva donuﬁmee
has got to be legany constituted, . ‘

I suggest that he setve immediately as commlttee chairman'
so that he can contact a nugiber of government offic ‘ls,

‘We have a lot of representation from all over the countries

and in this case if you do include the consultants, acade~
micidas, and government employees, then you will have
good representation,-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
king of support from them. - :

Maybe. among us, who are héré todasn We can decide . ... ...
whethiar we want $6 have atiy Associations and if there are
any objections ko s 8 Suhamn being Chatrmén. . .

Yes, recmmnant :ls essenual in the begmning We could
compile the varipus 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?

I have no idea, th Just said that we will give every

R
i Ly




assistance. We have the same problem at the headquarters
.. with recycling in Europe.

Evelyn Tan -, The head office is in London and we can try to get our~
selves affillated with them and work as a member in the
Asian Pacific region.

- Mr. Rossit I think that we would be at'an advantage in this .

Evelyn Tan: There are also countries who have their own Water Asso-
' . clation. 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.

Dr. Suhaimit . - There is another thing of which I am not clear. This Asia’
: e Aquatech conference; is. it a commercial job?
Mr.Rossiz Yes, a commercial job. "!'
Dr. Suhaimi. : '--Is :lt not a group of companies oomem with water equipment

o and is it an informal grouping?

Mr, Rossiﬁ | : Yes.

Evelyn Tan: We have a mailing st in Europe of 13,000 and in Asia we ..
RIS : .have only 10,000.. .
LI T T N

Mr, Rossi: G It is: the industxy which 1s. exclusive and the corporation.

Dr., Grombach: & Wae. should do somethj.ng 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
. as8ociation, nobody can forbid us to do so. I would be
... rather interested to know who are members of water . ilii.!
. . suppliers® associations 1 would like to know what ha ppens
m Smgapore. e e

Mr. Rossl: In Singapore, there 1s a Singapore ‘Water Suppliers’

S o 0o Assoclation and a group of eastern Singapore members of
the Singapore Water Suppliers' Asgsoclation, They are not
officially set up but they are in existence, The point to
decide is how much should it cost to become member?

Dr. Grombach: As little as possible. How many of us are members of the
International Water Supplier Association?
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Are we thinking of this asscbidtion 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. 1 do not know if it {s 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 of the association if we go for one? One of them is to
get water standards set. It would require a lot of assistance
from every onc..

gi
& -

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 ex:lst?

There are 2 members. here of an mtemauonala ssociation.
What do they do in the association?

They promoted the last conference. The IWSA had its meet~
mg in Kyoto, Japan and one received a small leaflet stating
“that there will be a regional conference of the TWSA in

" Singapore,

RURL ERR

Bécéuée 'they 'are not inferested' 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 affillate ‘with
someone overseas who is not interested in it. It does not
make sense that there are any groupings in the association..
“All-of you should be part of a communication. They have
ﬂo standards to set themselves against and they are trying
to create their own standards,
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There should be no problem in setting up an IWSA, Once
the assoclation 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 Asgo-
ciations in RI and it has 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 péo-pie to put enought o get the
first stage done, and nobody. is ‘going to help us that way,

- How many more' m‘e‘m'béi‘_s would each of us have to attract?

Say, five.

That would be possible, I was thinking in terms of oo or

100 more.

There is no problem for Westerners hére to get 10 or 152

-and I would like to ask our Asian friends whether they
~ could ask their University management to become members,

too,

Government departments eventually joinin but thoy pfe"
not the first one to do S0 because they cannot afford it.

It is quite normal to even know of a natlonal association

where the membership of officials of any kind of govern-
ment is about a tenth of 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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The idea of an Asswhuon is good and acceptable everywhere

... . even in Bangkok, We have so magy associations; Water Sup~
... Mers' Association, Water Pollutiqn. cpnt;ol. etc, There i5 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

:;v"dﬁﬂmlt to get only from the membership dues. ’

1 thmk in a year pr 2 zhe assoniauon has to have a look on
the prime action that will get members interested. If the

‘association is able to have a piaece of land and develop 1t,

that would help. The association must be aware that it can
pravide a full-time service., We can gather all the pubMoations

-and_form the cost of, .photo~copying, andpeople get them with-

" out “subscription,. 'I‘h,e reason for being is to make sure that

Mr. Hai'veY=
.. demanders are mainly govemem bodies,
Mr. Suhaimis

L . Information system that can be included inour annual budget,

" We are going to have a conference.in 1981 4n confunction with
" the University. It orqanises agricultural weed with focus on

it doés not drop dead. We have a lot of interest in the centre.

.We went all over to find an area npt pojitically committed. .

The people who have .the interest are the manufach.tmrs. The

What we can offer 13 the facilities of the Environmental

a number of types, We are gohg  with rojects to offer
commercial companies 1o exhibit hut that is after 2 vears with

S the mass media. . .,

Mr. kos&’.z

1

If you organise an aasooxatlon 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 simple, toachieve. . Lo ’

So with the home_. our actual cost of putting up a center is
nil. As an association, we have to work on a ¢ircle to build
it. I do not know a number of assocfations that do not benefit
from it directly because most of them have 3 need for the
results or information coming out more wisn in magazines. To

- be successiul, you have to hit their desk every week for

something.Other magazines go out because of their adverti~
sing valye. If you can multiply only this, you cannot die.
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How many indiv;lduals and organisﬁuons within this country

are i'eauy nterested to support an association? If it is only

R .,‘% few md*.tviduals then Tdo not l:h:lnk it would survive,

there has to be a nucleus first, T am’suré that with the asso-

interested aince we have something to send. I agree it is very

© difffoult to make such a thing on a certain way but T realise

what it has cost me to make my apeech yesterday, It was

o joaawr, ‘to’'prepdre it than the cost of my journey here. It is

.only a quesdon of the paper and print, We could go wi thout

" - the'colour and’ have offset printing instead of book printing.

" The water suppuers and the seiwage organisations of the big-
“ ger czmés 1n Rsia are surely mtemsted. .

Mr; Rossi:

Evelyn Tan:
N ' that the association gets on without any problems.

Mr. Rossi:

Evelyn Tan:

-

'V:‘It 14 & reasonable way o get started.One way is to get them

interested in a directary. We have 50% re ‘ponse to the direc~
tory and in 10 joined them from that effect. That iz natural
because everybody wants to have their names printed in the
curectory

W‘h&t we should 'do is to set our aimsg and’ T'will ensure that

. Bre you'ging fo be the Honordry Sem‘émry?

Your rewards would be long toming. Do'you accept it?

Yes, Do hot won'y about money, as 1 am w1111ng to bear full

" responsibmry for it, o

'meywoce INTERVAL =w-scsmmenwa




- —-

o oohiE

;Mr-. s,ung;mi

M:;, Rdssi

ik

TS B TP TR AN

Dr. Suhaiini

Mr. Rossli

Dr, Suhatm; i

Sy S

~173~
MINWIES OF MEBETING

(SECON D PART)

1 > We do'not have a name for the Assqaciauon. |

" 1 thiflk the Water,alone:is too general. We can name it as
“ Water. manngqm@ﬂtf"r water quamyw - |

complicated, I think water covers everythlng.
But do people nof classiiy water and wgata water?
Perhgps we can c-larify that by. suttdm it in our objectives,. .

"Yes. So ,shan we. can 4; water Maqqiatton Asian Pacmc?
* Why Paqlﬂq? O N S

Because we want to include the Pagific people,

.18 this name acceptahle?; - v
Lo bl ofhd mandhe o vl al
¢...Y&Rs Is the Pacifig likely to aceept us?.

Yeas, they have no way. You will notice there 1s something .
wrong in the constitution from pages 2 and 3 onwards. That

, . Would not apply hereg. .., . . ..

1' do not quitﬁ see tpmmgpqns&buw of ﬂxe Exgcuuve Cc:uncel-
lor and the Chatrman, . ..

.. Weg have tq‘wrlte that the.executive Councellor can vote by

,' GOB?ESPORF;%G? s that it;would not be. necessary to travel

over thousanda of kilometers.. ;- o

_Lthink that &s msﬁzblq

Dr, Grombwh “1was thinking %ﬁmm peoRle oo, It 18 still some

i fw

Mr. Rqs {

Dr. Subidtal

distance from Bangkok K. L., :end we should not eniorce

o strictly the quegum of 5.

SN TSI ST S
?or exampleg wheMo); wa,m wm me mmg movmg but
‘they do nothaws: the time to come, we can clearly vote by
proxy.
We have to consulf tﬁe regmu'ar of Societiea ) We have a
set of provisions in our country but I am not aure of functions
outside,

e T

“Ttfs 'a]right ﬂ? it is genqral. As zt:l‘t,lﬁ; water quality will. be too -
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_ The Association should have enough mohey to get togemar for

a conference annually, The problem is your objectives| We i 7
have it in 10 parts in Clause 1, There is a sort of specificas
tion so that they spell out that we are not political which is
the worry to.the country. I think it would be very simple for
you to replace them and have at J.east 6. You better have your

‘Protein committee listed.

There 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 ocffidtany fc‘;med and constituted
publicly. You have to start a gcale of fees but all are in a

. -comresponding position. Is it agreeable to everybody that all

bo members of the Protem Committee ?

(ALl Agreed)

_ We have to have at least 15 members to he a protem committee

and can be replaced when the protem committee becomes a
committee by vote. Do we need to have a quorum?

Yes. |

- As usual we have to start a membership in order that you ¢an

have funds to work with. If you look back at the previous Mst

- you will see some corporate members and some likely to be
individual members. : :

'I:E we deodde to amrange courses with the Unlkrersity, which

we plan to do 80 in the future, then we have to look again at
the separate atudent membership. ,

We should separate.a bit more, like statlng USS 40 for
individual membership, USS$ 100 for Corporate membership and
US$10:for Associate membershtp. If an office wants to become

oA member. is it poss!ble for @ Govemment oﬁice to do so?

No. Only Corporate membershl.p and they can well afford it

because they are the onefs who Want mformauon and particularly
for fﬂﬁ - ‘ .

Can we have r.he Usslo assoqlahe memberahtp with voung o
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No, because of the value of the awochumo A im person
_who wants to. ldcave agents can use it, so why atwmte a -

) assoc:lauon fee? . ) , S

o \, A

I ﬁxmxgwemment.employees uhouldbeemplwmoiﬂxe
Universities too. ~

4
£

.+ ¥88¢ 1 agree and. we' wm amend 1. R

What about the accounta ?

‘tﬁ

We hnve pne af um melnbers domg lt ona rotary basls. It is

" I8 there any dﬂﬂmlw about fore!gn exchange?
Yes, we have to get me donar separately.
Wﬂl we be able to pay the fees?

Yes. N |
“And for example. Lf the memhers !.n Manﬂa have to pay in
Kuala Lumpur.,

LA

"' ‘He can get the foreign exahmem do that.

_And thev can pay bank ekaft?

Yes. Your aocountq h;we to be in yonr ‘owh currency and then
s‘énn be converted Jater on, :

1 should like to have someone to promote the awareness of
water quality, Perhaps Ex. Suhaimi can define that, Just put
itinas " Awareneas of Water Quality®,

What is the term of reference to protem gommittee?

It bas to: be registered in Malaysia,

We will send the draft to the members.

1 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 and. ametherwbek for sending it. baek
which takes in all thite weeks Yor it to come back,
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",j}_ff?"m fagtt You, have o sen}d them ﬂw awnat‘ure.

o
i \‘*,%..,?: l

‘What would be the liability here?

_.”z,,;_._', P SR et &4 LS*

vkl .
,»': E"'L

"""”N“one T R IRt L AR T

If there are no suggrastions o cofiitnents on the job, ‘that 1s
fine; but if one aF 2 more © bjectu then what wul hga ppen?

We trust Dr. Suhaimi, Who is the ohairman, to decMe whemer

.. suggestion is.gecd or not. Wei shotild have the possibility

‘of making some syggestions’ ‘after seeiny the draft. It has to

- eireulate twice but you can bul at the same time. "

[ TR

Y suggest that should you want anYﬁhing done, you can just

send everything dver lhiereand I will do'ft for you, tutting
down your cost. I will do a form and get them to. pay for it, .

I propose that Mr. Ragman of India be hmluded. Also Mr,
Trevor Smith and the gentlemen from Singapdre because Mr.,
Smith has contacts in the U’nited Kingdom. So bill them right

. AWRY.y,

TR

I notice that there 1s ab months period. Is there any reason .
for this urgengy:?: .- R

No, but the sooner: we get this thing stafted the less strain
there will be for the Chairman. Dr. Suhaim{ and Evelyn can .
sign for the bank statement and the cheques but you will have
to send out the bank statements ‘for the "eldhatories.

e el

Lo “.-,-tEjN. B--



“477-

WATERQUALITY MANAGEMENT =

Fleser Lau Nai Hee . . ..~

ey PeterGromhnch

“Partner

~ Grombach Consult:lng Engineers
Zurichbergstr 20 '

Zurich, Switzerland

Tel, 01 47 4478 _
'relex.us.?.lg?‘grom ch

Lee Boon Yanq S _
Studier Manager R
HY@Q"‘M R ‘f‘v‘ L :

39 Rue Croix Baragnon 3100

‘Tel. (61) 520205 .. - _‘ S
. Telex: TAMP 530955 FC:01 =

DR,R A, Rao - Y S
L~-13"Tech Ex 80 '
~ National Research Develoment
Corporation of India -~
61 Ring Road; Lajpamagan III ‘
New Delhi 110024
: S oo

Peter R. Hutchison .. "

Project Officer v
Tioxide Australia Pty Ltd Teant
P.O, Bax 184 Burnie |
Tasmania, Australia S
Tel, 00433 3133 . j-iouims o
Telex: AA 590&5 e

Segundo R. Vergara R

Chemical Industries of the phn., Inc. '

Chemphil Building -

851 Pasay Road, Legaspd.‘\lﬂlai:;e o
Makati, Metro Manila L
Philippines SRR IS

Tel, 881961 ~-@ T e

- Telex: Eastern-63851 CIPPN .
RCA - 22236 CIPPN

-\ . R

“Singapore 1028

_ -Hongkong
w Tels §=756741

-k

Plant Superintendent . . .- 0
Kuching Water Board

Batu Lintang Road, - - .. %%
P,O,Box §17; Kuchmg
Sarawak,’; Malays _ be
Tel, 20371 ST e
Telex: MA 701125-'-;4\;__.;

Chen Kang Ning -
Sales Executive

‘Lindeteves Jacoberg. 'm Pte Led

1 Commonwealth Iane
Singapore 0314 _
Tel, 647191 :
Telex: RS 2142% LINIAC

4 f

Barry Stoue
Marketing Services Manaqer

Catoleum Pte Ltd

Néw Bouth Wales 2019: Austrana
Tel. 55”6-7733 e o
Telex: AA 25673

Dr. Ausafur Rahman
Lecturer SR
University of Sinqapoté

Bukit Timah Road =~

B A

Tel, 256&451 exm 428

Stuart Menzles, Manaqer |

.. Kampsax Kruger =~ -

AIA Building = . '
N6. 1 $mbbs Road

Telex. 65862

)‘
v
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Bengt Carlsson
Manager

Eka AB R
FACK §-995 01 Surte
Sweden ©

Tel. 031/980520
Telex: 2935 .

Friedrich Knipschﬂd _
Schlegel Enqineermg GmBH_ o

2000 Hamburg 73

Bredowstr 33
West Germany
Tel, 040/7320085
Telgx: 2163748

Ernest Pariset

_Engenieor Ay Bureay Des. Expérts
‘Sogreah; 6 Rue de I.on'eu.ne ' i

38130 Echirolles .. ...
France : e
Telex: SOGR.E 98087 6 F R

ey

.m Tﬂu—Sen Lo = (:,j S ,.":-'(-.-l:

' Engineer

Industrial Development Hureau MOEA
\2nd Floor, 109 Han Kou Street:
Section 1, Taipei, Taiwan ..
Republic of China - - o

Tel, (02) 331-7531

Dr, Sukiman Sarmani

Lecturer _

Universiti Kebangsaan Malaysla
P,O,Box 1124, Jalan Pantai Baru
- Kuala Lumpur, Malaysia - :
Tel. 567555 extn 2?3

Dr. Coomaraaamy Somasbndaram
Medical Officer of I:ibalth
,Colombo Municipality .
*15/1"Melbourne Aventie’

. Colombo, Sri Lanka

Tel. 86865

" R. Hariyono

Digector

" Yogyakarta Water Supply Enterpﬂse |

Jalan Wolter Monginsidi No. 3

 "Yogyakarta, Indonesia

Tel, 5870

IrE Budirahardjo .
Vice Director i{Tech. & Procuﬂon)
Jakarta Water Supply Enﬁer{xiae
Jalan Penjernihan: -
Jakarta , Indonesia
Tel. 582938

R ',L'_'_':".

H. Broux ' R
Deputy Reglonal Managem
Degremont Intemational
2105 Robina House . & =i -
Shenton Way
Singapore; 0106 = L
Tel. 2215622 o
Telex: RS 21175 CLIVIER '
Liu Banmchieh -

Principal Bconom.istf RS
Midwest Research Inattm!tb

425 volker Building' ™ .
Kansas City, MO 64110

Tel. (816) 753-7600

RIS R

Dr., -Ariffin Suhaimi (Profesaor) .
Universiti Pertanian Malaysia
Serdang, Selangor, Malaysia
Tel, 355426 o En
Telex: MA 37454 -

._Sales Executive

Guthrie Smgapore Pte i.td.
39 §isth-Avenue o

Off Bukit Timah Road.. -

Singapore 1027
Tel, 662555 eéxtn 372
Telex: RS 21681, ., .. . .-



PI Harvey _

Chief President Enqineer o
Benardet S ingapore

¢/o 2 Winstedt Road

Singapare 9 -

Tel, 2820810 . .

"> M. Viroh Nakornohal
- White Group Limited

29/5 Baladaeng SOI 1, Silom
Bangkok, Thailand
Te-l. 255"0515

Dr. WA Osenga .
Engineering Manager

P V Pacific Pte Ltd.
1601-1604 Jalan Sultan Centre
Singapore 0719

Tel, 258794

Telex: 33225 W PAC

Surachai Ruthairung
Technical Sales Supervisor
White Group Limited

29/3 saladaeng Soi 1, Silom
Banagkok, Thailand

Tel: 2350515~9

John Lai Shang Jen

- Enginger & Manager
Kuching Water Beard
Batu Lintang Road
P,O.Box 617, Kuching
Sarawak, Malaysia °
Tel. 20371

Telex: MA 70112

Peter Gillbanks
Mecomb

10~12 ;alan Kﬂang
Redhill Industrial Estate
Singapore 0315

Tel. 271333
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Dr, Trever R, Smith -
Stanton & Staveley
P.O.Box 72,  Nottingham
N910 5AA, United Kingdom
Tel. (0) 602-322121
Telex: 37671 S BSSG g

Hubert Manceau
Representative
Pont-A-Mousson SA

i Hotel Barobudor, Oﬁwve IZA

. PO, Box 329 Jaknrta
Indonesia. oo

Tel, 325&69' S
Telex: BDOIHC JKT 44 156

Leong Kon Fah

Mill Engineer

Sabah Land Development Board
P.O,Box 1610 Kota Khabaln
Malaysia A

Tel. 51252

:Telex: MA 80045

Yae San Kee
Sabah lLand Developm&m Board

"P,O.Box 1610

Kota Kinabalu, - Malaya!a
Tel, 55022 _
Telex: MA 80045

'Rod Wong Khet Ngeé .

Chief Engineer
Sabah Land Developmant Board -
P.O. BolelOKotaKinabalu -
Malaysia _

Tel, 51252

Telex: MA 80045
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Suwu;ono Rehaﬁdjo

Technical Represemﬁv&" |

Catoleum P/C . .

Jalan Telepon Kota 6. .

Jakarta Barat

Indonesia A
Tel, 275575 . -~ S
Telext 42684 S
Bernardo N. Vuemvenmm

Manager. Envk'onmenul syamns Dept.
Technos phere Consultants Grdzp Inc.
4th Floot, Herdis Bullding--

180 Salcedo Street, Legaspi Vﬂlage
Makati, Metro Manna ST
Philippines '

Tel. 853011:

Telex' 7222280 HRD PH

Chandra Dt mmm '
Engineering Science Incorparated
150 Hungtinton Drive =

Arcadia, Los Angeles

UsA-

Robert L, ‘White-
President '
Engineering Science Inc. L

125 W Hungtington Drive

Arcadia, California 91006
USA
Tel, (213) 445-7560 ~

Mr, S8ummon Tat.anataya . .

‘Sanitary Engineer -

Bangkok Municipality
140 Dinsaw Road
Bangkok, Thaﬂand
Tel. 2514399 )

Dr. 'K‘naug Komolrit

santtary Engiecr \
Bangkok Municipality Autharity
Buréau of Drainage & Sewerage
‘Teohnical Service Division
Chatoen Pol square '
Patumwan o e

Bangkok, Thﬁu&ﬁd

Tel. 2516923



