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1. Outline of ths situation 

Near OtlMn in the southern part of the Netherlands a large chemical complex 

is located compri• ing production faciliti*« of D6M and ita affiliât« UKT 

(Unis van Kunatmestfabrlsksn), a major fertiliser producing company in tha 

Netherlands.  Soae 25 plants at this sit« can b« divided into fiv« groups, 

four of which Manufactura chaaical products: 

a. th« Nitrogen Fixation Works (NFW) of UKF; main products; fertilisers 

and urea; 

b. the Organic Products Group (OPG); aain products:  caprolactan, acrylo- 
nitrile and aelamine; 

c. tha Hydrooarbona Croup (HO);  aain products:   ethylene and propylene; 

d. th« Polymers Group (PG); aain products: high-  and low-density poly- 

ethylene,  synthetic rubber,  polyvinyl chloride,  and,  shortly, ABS resin. 

Ths fifth Group,  th« General Technical Services Group, provides for a range 

of general utilities by power statlona, water-treatment plants,  sewer systems, 

purification installations, «to. 

Ths water effluent of theae plants is typical for a integrated chemical 

ooaplex in which fertiliser production takes an importent place. 
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It  i. «.charge to th. rivr Ma.. by 4  rout..,  which .r. indicts in flgur. 1 
by I-IV. Addition.1 infection i. glv„ in th# Ubl# ,    thowlng ^ ^ 

w..t. w.t.r i. now .ubj.ct.d to mechanical purification and that th. biologically 
dir.d.bl. cognent, of on. of th. .tr.am. .r. «u.^ OI in . pQ8veer ^ 

Th. oth.r components,   including all nitrogen compound.,  a,, di.ch.rged to  th. 

rivr Ita...  Th. quantiti,. ar. shown in tabi. II.  Tabi, in   indict.. DSM'.» 

•har. of th. tot.1 pollution of thi. rivr (amounting to 21.3 % of th. total 
M quantity). 

A. . confluence a number of problema ari... 

1)  Th. flow of th. rivr M... depends on  the rainfall  and i,   therefore subject 

to  .trong fluctuation,    counting to .ore  than io3 B
3/s  in winter time and 

often,   to le.a   than 2 . /.  at  the end of  th. summer.   (The figures represent 

daily  averages.)   The  toui  volume oX  the wa.te water di.ch*rg-d bv DSM i8 

nearly 1 » /,,  which meana  tn.t hard]y any dHuting -ff#ct ^^ ^.^ 

th. dry season and that   th.  risk of  fish mortality i« high. 

2) In th. riv.r   the ammonium  compounds are oxidized into nitrate, during which 
proc.s a large amount of oxygen is used. 

3) Th. nitr.t. discharged and  formed  through oxidation of ammonium compounds 

ha. a detrimental   effect on the quality of   the drinking water,   which is  to 

b. prepared from  the river water to .n increasing extent according to 
government plan.. 

4) The nitrogen compound, promote eutroph.c.tion  (growth of algae) ln the 
riv.r. 

It will b. cl..r.   particularly now that the Act on Pollution Control of 

Surfac. W.fr. ha. beco- .ffetiv,   that also DSM is required   to dra.tically 

li.it  th. di.ch.rg. of wa.t. material..   In .cordane, with an  advice given by 

th. Working Croup for Sanitation of the Rivr Maa. (a Working group installed 

by th. Gov.rnm.nt)  it i. th.  intention to riluce not only the discharge of 

organic, but also that of nitrogen compound., con.id.ring DSM's  large share. 

Prior to dealing with the methods DSM intend, to apply to realize this,  a few 
remarks ,r. «.„. about th0 existing faoiliti#- for tn. purification of waate 

w.t.r. 

•hlî'^îï* !*?* °* conv#nl#nc# i« th. following th. word DSM will be u.ed, 
whan th. whole complex of DSM and U» is meant. 
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2.   Existing  facilities 

In all discharge routes mechanical  purification apparatus  is  installed 

(table I) by means of which suspended substances are removed.   Route II 

comprises the so-called Pasveer ditch,   for removal  of biodegradable organica. 

This installation was put   into operation  in 1964,   initially  for the main 

purpose of  purifying  the waste water discharged  by   the two  cutting plants  then 

operated by DSM.   The last  coke-oven battery was  shut down   in  1968.   To-day, 

the whole water  effluent  of  the Hydrocarbons and  Polymers Groups,   as well 

as part of  the waste water discharged by  the Organic Products Group,   is 

disposed of by  this  route. 

The decision  to construct the Pasveer ditch was made after extensive 

research had been carried out  by a team headed  by the late Ir.   D. Adema,  who 

has greatly contributed to  its realization.  The work also comprised two years 

of testing on a semi-technical  scale: 

a) in ar. active-sludge installation,   with retention  times of   from 3  to  5 hours 

at  high sludge  loads; 

b) in an oxidation ditch,   with  retention  times  oí   from 2  to  3 days at   low 

sludge loads. 

The investigations  clearly  showed  that  the oxidation ditch operating according 

to Dr.   Pasveer's  guiding principles  (low sludge  loads and a   Long  retention 

time and,  hence,   a  large buffer capacity),   involves a major advantage compared 

to an active  sludge installation,   namely  a great   insensitiveness  to shock  loads. 

Especially  in a chemical  plant,   these may be brought about  through a number of 

causes.   Leakages,   overflowing of tanks,   minor and  larger calamities may  result 

in huge amounts  of waste materials  suddenly reaching the sewer and, 

subsequently,   the purification installation,  so that complete or partial 

elimination of the biomass would ensue. 

The insensi tiveness to shock  loads becomes apparent,   from figure 2 showing 

the influence of a  period of  very  low pH on both  types of waste water 

treatment,   during  the period  of  testing  in semi-technical  plants.   It   is quite 

clear that  the oxidation ditch was capable of absorbing peaks with 

practically no consequences,   whereas  the purification process  in the active- 

sludge  installation  is  interfered with  (see References  1).   Figure 3  provides 

an impression of  the installation in  its present design.  Originally,   aeration 

was only by means  of rotors,   in 1969 and  1972     floating    impener-type 
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aerstors were added and in 197Z wsterjet aerators, which will be treated in more 

«•tail later on. The total oxidation capacity now «quala about 0.5 Billion p.». 

(1 p.«. «quali 54 g/d BOO). 

In table IV the purification result« for three typical period« are listed, 

and table V gives a broad summary of the costs. 

In general, the installation has performed excellently and a large quantity 

of biologically decomposable material has been removed from the einuent 

discharged to the river Maas. Disturbances have occurred only very rarely, 

which shows that, in accordance with expectations, the ditch is very well 

capable of coping with shock loads. The COD load, though constantly increasing 

in the course of th« years, could be dealt with without any great problems. 

For further information see References 2 and 3. 

As regards the sludge production the following remarks have to be made. Sludge 

production is small as long as an installation is operated in accordance with 

Dr. Pasveer's principle«, and the sludge will be largely mineralized, so that 

rottening no longer occurs when the sludge is dumped. It was therefore expected 

that the sludge surplus, together with the material separated off in the 

settling basins, could be Jumped in quarries. In practice, however, the 

'Pasveer' conditions were deviated from rather soon. The ditch was subjected 

to heavier loads, so that the sludge was mineralized to a lesser extent and 

the amount was larger than expected and dumping became impossible. For this 

reason the sludge surplus has so far been discharged together with the effluent. 

Although plans were made for the construction of a sludge treatment installation, 

such plans were not put into effect when it became clear that the Pasveer ditch 

would be too small for future needs and would not satisfy the demands to be 

expected. As already mentioned DSM will have to remove not only organic 

substances but also nitrate- and ammonium-nltrogen, and under the conditions 

prevailing in the Pasveer ditch, this does not take place, or to a small 

extent only. 

Since a large portion of DSM's waste water is discharged in non-purified 

condition a control system was designed in 1970 after fish mortality in the 

river Maas had occurred a few times. The quality of the water discharged 

into the river is checked permanently by means of frequent analyses and a 

continuour fish test. Moreover, all disturbances occurring in the plants 

•re reported immediately at a central point. In case of difficulties, measures 

can be taken rapidly. For instance, the water effluent may be wholly or partly 
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c.ught in a buffer pond for a certain period.  It ha. appeared possible in thi. 

•«y to .void peak, in the discharge to th. river,   .o th.t .vn at low water 

volu.es no abnormi fish .ort.lity rat. ha. occurred .o f.r (... Refrene. 4). 

3.   Future »ltuatlon and •»«urea planned 

in con.ult.tion with th. .uthoritie.  it ha. been .«re* for DSM to ai. at 

reconditioning,  prior to 1977,  the effluent di.charge to th. river Ma».,  in 

which not only the di.ch.rg. of organic but .l.o of nitrogen ccpound.'will 
b. reduced dra.tic.lly. 

V.riou. -thod. .r. available for re«>v.l of th... co.pon.nt.  fro. wa.t. w.fr: 
- COD:  adsorption to active carbon;  biological decomposition. 

- NH4:   ion-exchange;  .tripping with .ir;  oxidation with chlorin.; biologici 
oxidation (nitriiiction). 

- ND¿:   ion-exchang.;  biological reduction (denitrific^tion). 

- Organically bound N (which,  though not yet ..ntioned,  i. .1.0 pr...nt   xn 

DSM'. w..t. w.t.r): ad.orption to active crbon; biologici d.ccpo.ition 

during which !*4 i. for^d (org.niclly bou;>d N .nd Nh> ar.,   tog.th.r 
called KJ.id.hl-N). 4 

Con.id.ring the current level of technology, DSM i. of th. opinion that  a 

-l**d w..t. water .tr... lia. her. can be.t b. purified biologically    in 

• Pit. of th. objection, .tt.chin« to thi.,  viz.  sen.itiv.ne.. to poi.on and 

the fact that only the biodegradable part of th. organic i. reeved.  Con.id.rin, 

«ong.t other.,  th. f.vourabl. experience acquired with th. P..v..r ditch in it.  ' 

pr.sent d..ign, OS* decided,  to con.truct . new purification in.t.ll.tion for 

r^oval or or,.nic, KJ.ldahl-nitrog.n and ni trat.-ni trog« with th. aid of 
bacteria. 

It i. obviou. that  it would b. unwise if .„ WMt. w.t.r ^ -UohMnd ^ 

•ithout further con.ider.tion, be pa..ed through thi. new in.t.U.tion 

Th. coat, of conducting and exploiting « in.tall.tion of thi. .1«. «r. 

high. and it .hould fir.t be inve.tig.ted what had better, and in . cheaper 

•sy. b. don. in th. pl.nt. thrives.  Moreover, it .hould be seen to that 
th. erection of new pl.nt. doe. not pre.ent ne» probi «i. 

The Huurn to b. taken «y, therefore, be cl...ed in three catari..: 
a) reconditioning of the existing plants; 

b) construction of new purification installations; 
.) «duel* ,h. „,„ .„lu.nt lB „.. pI.nt. .. ^ ., ^ ^ 

th» poulbllltjr oí Iti »urlfloation. 
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Th« «xtent of th« reconditioning measures to be taken in th« plant«  in relation 

to th« purification installation is,   in the first instance,  a matter of economics, 

However,  an important aspect   is also  the li.it  imposed by the authorities in the 

discharge permit.   Materials which are not  or hardly removed by the purification 

installation will have to be  retained in order to conform to the  limit, 

irrespective of the costs involved. 

The three categories mentioned will  be dealt with in more detail  successively. 

4.  Reconditioning of existing plants 

This sui y be done in two ways: 

a) by  carrying out modifications of the plant; 

b) by  recovering materials from the waste water of certain plants. 

At DSM, an investigation  is being made in all plants to find out what can be 

don« in this respect.  In  the past,   it is true,   such investigations were also 

made,   but on these occasions particular attention was paid to the loss of 

product. Now,  however, also th« expected purification costs are taken into 

consideration.   It has appeared  that,   occasionally,  spectacular results can 

be achieved  if this matter is given sufficient attention,  preferably by a 

• ingle functionary who is well acquainted with the plant and whose sole task 

for a  certain period of  time it is to scrutinize the entire unit. 

The possibilities are manifold:  recirculation of (minor)  streams,  installation 

of more controlling-equipment,  e.g.   safety devices and alarms on tank overflows, 

the sweeping up of solids instead of washing them away,  and last but not least: 

promoting discipline amongst the operating personnel. 

A few «samples ar« added: 

a) In a certain case, loss«s could b« reduced drastically through installation 

of a conductivity meter,  so that th« operator is warned immediately if material 

drops into th« sewer (e.g.  if a sampling cook has not been turned off). 

Formerly this was sos«timas noticed only after days had passed. 

b) In the production of caprolactam a rather large quantity of ammonium 

•ulphate dissolved in water forms as a by-product (approximately 4.5 tons of 

ammonium «ulphate to every ton of caprolactam).  The water Is passed through 

•ultlple-effect evaporators during which the amaonium sulphate, which Is sold 

as fertiliser, orystallises out.  In these installations (see the diagram of 

flfur« 4) substantial losses of ammoniua sulphate occurred as s result of 
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Th» loss»«, which, as lat» •„ in io7,  ..... 
71, "tU1 ••ounted to «bout 3 t/d N hav» 

now b.»n reduce to approxi.at.iy 0.4 t/d N 

- by i.prov»d l.v.l control in th. ev.por.tors, 

:.:: :;:r::::f thm "^in which - —- - —• 
etch «i.t without an appreciable pr.s.ur» drop. 

in • »»parate installation in which th. 
ft-oni. and   „ '^ WiH flr8t be Mrolyzed into «~. .„d carbon dioxid. by . ^^ ^     ^ J^ 

to approximately Dfl. 3.5 «illion. W,U°t 

The total inv.t-.nt for reconditioning the pi«„t. „..r r-1   , 

to b. b»tw.»„ M1.  1, .„d Dfl.  20 .iinon. " '" ""-" 

-Mn or«.r for th. timl w..t. w.t.r tr..t..nt installation to b. k.pt a. 
00-p.ct a. possible, not only the «ount of wast. »».rial, K • 
w..t. water volu.» should be limit« .. ^ ^ ** al" th* 
th.M, "•"•* «s sweh as possible. Wherever feasibi. 
therefore, separate sewer svsteu -in K- ,    . »•»•ibi», 

—~ «.... «. -rzriLirrj^rr- r 
.. - H„,rTC.rbon. _ .^ 0roup>. A n; ,2\lZwZ,h* •'"• 
.. on,, ^ _ to _„ cl..„ ,.t.rr riir; **l"in, *-r •'•*- -.... „,., «„. ,._,_„„ work... eo.pl r, o;,;;p::,:h

,'1'c,,",• 
.KuntM ,o .bout Dfl.  5 .uaon. "* ,h* 0Mt» 

L— 
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I 

a. Construction of a nw purification installation 

Part of the NH*-N lost la in »o di lut« • «tat« that recovery of aaaonia i. not 

realisable economically, or th. wast« water has btcoat inpurified by foreign 

eoaiponents, so that only highly iapurified, and hence valueless, aaaonia can 

be recovered. St rea«, of this kind »ist be considered for treatment in a 

central purification installation. The sas» holds for NO'-N and COD streaas. 

Por a few years the possibilities and technical nodes of realiaing this by 

a biological .ethod have been studied by DSM', central Laboratory. The result 

has been a aethod obtained by th« combination of processes already known for 

a long ti«., in which th« NH* is removed by nitrification, the N0¿ foraed and the 

nitrat« already present by d«nitrification, and th« COD by biological oxidation 

into C02 and H20. During this process th« reaction« indicated in table VI 

occur. 

It appeares that in soae reactioni th« presence of oxygen is essential, and 

its absence necessary in others. So it is evident that purification in only 

one basin would be impossible and that it has to be carried out stepwise. 

In this way MH* and N0¿ for a aajor part originating froa th« fertiliser 

production can be reaoved by aaklng use of th« faot that th« wast« water 

of an integrated ohoaloal ooapl«* contain« COD. 

In principi«, th« installation will b« designed in accordance with the dlagraa 

of figure 5. 

Investigations have been carried out on a laboratory acale (1 : IO7), a seal- 

technical scale (1 : io ) and, for on« and a half year now, in a pilot plant 

(1 : 200). 

|  It is not possible to report «xhaustlv«ly about th« investigations in this 

\     context. Roughly, it aay be said that reaoval of NH* and NO' to «or« than 

95 % and COD to about SO % has appeared possible. It is expected that the 

effluent of th« new installation, which is operated according to this process, 

can b« discharged to th« riv«r Haas without any objection. Th« Investment 

involved in thia project is now estla«ted at Dfl. 80 million. 
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f th. ..r.«M .,.„ oí ,„. ln,tâU.tlon 

- «.... ». op.»«» u « „„ir^7n "r"or " — 
f .1« M forc.. ¡t        " **    OÍ tM "r,tlon ta"» «"»• w«r tnm tM, 

nmm noi«« on on* aid*    The *.»... - «-«. «... «... „,,. „.„ ,Tt r „r Lonto the wat,r ,uríM* 

J«. «- «h. «...no. >.»„.., th. L" '   1   1        • "" '"~ " «" 

~" M. ,*.« ,.„,„., „,,., * 2 « «- -«»- »..,„. „ u 

*••• nu u« p*r »oju» „„, of ,h 

•»!««• Unk. o, p•,.. », UM#r ,jpw       **" Un" ,h" *> «"«» T 

~«« ...... « .ppli-   „      '   """• ~M» "•« *« «"1«1 

In thl. „, mior ^ «•rtMi.,  th# 0,1<Ution 
j —»jor Mving« in th« lnvtctMnt *«» #i.- 

J. M«w plant» 

Mw plant. th0uld ^ ^ eoilatruct#4 that 

--t, ^ pr#fwbly ehmp9mt   wfty ^¡*». •» ".PC« Of i. th# 
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I 

I 

Th... «.p.ct. .hould not b. paid attention to only when th. Taction of th. 

plant i. co—ncd,  but  right  fro. the .tart, one .lght ..y at the cradle 

of the process, which,   in ce of a che.ic.1 process,  .•.„. th. laooratory 

bench.  Thi» applies again and again during all .ub.equent stages. 

in the development of a proc... via  the laboratory,  the .e»i-technical and 

;   poa.ibly,   the pilot plant scale for u.e in a co—rcial plant the following 
point, are of importance; 

.) A high efficiency and , great selectivity of the process.  To the extent 

that th..e factor, are better,  th. quantity of waste «terials wUl  be .-Her. 

b) A. aany waste itrea»e a. possible »hould be recycled. 

c) The auxiliary agent. cho..n should allow ...y proc.ing;   for in.tance, 

if biological purification i. required,  one .hould choo.e biologically 
degradatale aolventa,  extracting agenta,  etc. 

d) Proper proc.a.ability of th. wa.f .tre.« .hould be kept  in .ind. For 

in.t.noe by working in a water-free .ediu.,  or by ..eing to it that 

concentrated w..te .trea» for.,  in e*ny CÄ... co-bo.tion of the wa.te .aterial. 
i. actually poa.ible. 

Por the deaign stag, of the plant th. following point, .hould be .entioned: 

• ) A good plant with proper equipment and accei.orie. should be built. 

Bxcea.lv. aconoay in thi. rMpwt    oft.n r..ult. in .ub.tantial losa... For 

in.t.nc,  if in.t.ad of a diaphrag. valve one choo.e. a cheaper type with a 

•tuffing box and an extra loa. of 1 ton of anaonia-N/year i. .uffr* on 
thi. account (which ia not nuch), thi. will giv. rii. in th. n..r Xuture in 

the Neth.rl.nd. to a leyjr of Dfl.  1,400.- par y..r (at Dfl.  20.-/p...  of 110 g/d 
OD) or to about the .a.« a«ount for purification. 

b) A plant should cowrie, thr.. .epar.f sewer .y.fw, vi..  for w.at. w.t.r 

which need »ot b. purified (lik. th. cooling tow.r di.ohar,.),  for wa.te 

wat.r to be treated in a purification installation, and for waate water which 

»•y be recycled to th. proc... (.tuffing box leakages,  io...a through fluahing, 

•«•pling,  etc.). Thi. deaign has been fully incorporate* in the acrylonitrile 
Plant of MM. 
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c) Surfe. cond.n..r. inat.ad of .ixing-condanaar. ahould b. u.ad.   .o that 
th. cooling w.t.r will not  baco.. i.purlil^ and nt#d ^ b. diiohapg#d 

• purification installation. 

d) Th.ra ahould b. . .uffici.nt buff#r capftoity in ordmr to ^ with 

f.ilura. and «i.ohar«. pa.k.. for in.Unc# during ^^ ^ 

of th« plant. ¥ 

.) Alr-«<,Un, .„„uld b. .„„,,«, ...^ ^^   ^ ^ ^ ^ 

"•nuf.oturlnj can M tun. 

in a tan«. Th. 00ftd#naÄt. wlll oontain .pproxlBat *« 

aarban «lioxida,  3 to 6 % by »ai.ht «# .  < 
of ur... *,n1*'  •nd °'3 t0 °'5 * b' "*•" 

IX no apacUl daaanda art ud. on tha »aat« watar    th. 
„ „._ *••*• vaiar,  th* condensate la  -•-< —» 

-1«. .... .14 ., llv. .,« ln . d.MrpUon ^^ (ritur# t) "«PP- 

tn. ..«« Itavi*. ., th. „.„.. of tM OO1UM ,tiu oontilM- 

«.—~. «. „,«».,,» .x, ur« .a,iMll, prwnt; .„.,        J£ 
.*. Mlu-, .« th. top i§ r.turn- to tM >ÄlroulMUwi mum 

l-«- 

ZuT 1 ~ 00,,d•,,•,,•to *•dlMu— - -—<"-. 1 ~~« .?:* rthm ~" o-poM,,t' *• —-- -«- «r» •xtandad aa la ahown m figura í. 

«.. ta«- pr«,Uc« „ ,„. d^orptlon MlmK u 

.- ta-«..«. 4. „^ ln. ..,.„,„ ^~~ •'•" •w-1" «*- 

""""»- — »"»«• - P'«tlo. ta. .ta« ,h. «,»,.. „„   • "* ~-—t..« .h. ««., ,f th. iod ool„. zniLT 
ao ppa. a»craaaad to approailmtal» 
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It not only th. iMonl. content  but also the ur.« concentration i. to be 

decreased,  th. deaorptlon section «y b. extended a* 0nown in Pifure lQ 

Th« only essential difference with th. .y.to. 0f Figur. 9 1. in th« 

installation of a hydrolysis ooluan instead of a heater. 

The urn »ill decoa-poae into carbon dioxide .„d afonia, depending on th« 

re.id.nce tl.e in thi. colunn.   Thi. ayate, ha. b..n tried in practice,   in 

. reviaed for»,  in one of UKF's urea plants.   In thi. pi.nt,   the urea contalnlnf 

proc... condensate and th. condensate atre., which i. fr.. fro. ur.. and 
kept ..parat.. 

Th. ayste. wa. revised because dieting •quipa.nt has been u.ed and a 

fix« connection arrangeant had to b. started fros> (s*. Figure 11). 

Th. ur.a-cont.lnin« condensât, atre«,  n.vlne « voluil# of about 23 ,3 p#r 

hour,  and containing .bout 0.80 % by weight of ur- 1. raised in te.per.tur. 

to 178 °C by heat exchanger, and a .tea. heater, and 1. .ubeequentl, puapcd 

to a hydroly.er wher. the um beco.es hydroly.ad to aor. than »0 %. Next, 

th. condensate leaving the hydroly.er 1. passed through a heat exchanger 

•nd la flashed in the top part of a deaorptlon ooluan. The gas phase fro. 

th. deeoreer 1. «ant to the sasxmlu. nitrate plant,  the liquid phase leading 

th. desorber containing about 500 ppa of urea and 50 ppa of aaaonia. 

7. Conclusions 

This papsr gives an lap res« ion of the activities of a large cheaical eoapany 

in connection with the reduction and purification of Its wast. »at.r. 

Obviously, only a faw exaaol*. oould be given. 

It has not yet bean quite defined to what level all discharges will be 

reduced as a result of the aeasures dlacussed. loughly, it aay be said that 

th. discharge of nitrogen ooapounds will be decreased at least to less than 

10 % of the pre.ent  level, wh.r-a biodegradabl. organics will b. al-o.t 
ooaplet.ly reap ved. 
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»W (0.1^). „a0, • (im, 5M, with .u—ry in l^u-h 
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Table  I 

Waste fitir discharged by DSM'« choaical worn. 

I •treaa I 

streea II 

I 
strava ill 

itrai IV 

quantity: 

iapurities: 

treataent: 

quantity: 

iapurities: 

treataent: 

principally 

quantity: 

treataent: 

non-iaaurlfled 

quantity: 

traataant: 

about 2,000 a /h 

NH4 

PO4" 

COD 

aechanical purification in 
thickeners and settling pond 

about 800 a3/h 

COD 

NH4 

»3 

•) aechanical purification in settling ponds 
b) biological purification in Pasveer ditch 

auniclpal waste water and rain water 

100 to 200 a3/h 

•echanical purification in settling basins 

»•tar froa the Polyohealcal Works 

•bout 200 a3/h 

aechanical purification m a thickener 



fötal dUoharga fey MM 
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Tabla I! 

MTI - prior to trNtMnt 

ltTt - after tmtMnt of part 
o# tha waata watar m tbo 
*më*—r ditch 

voluaw 

-'/h 

3S00 

3300 

eoo MM.-M M0¡HI 
«g/h •g/h kg/h 

atoo 1000 100 

1000 1000 too 
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Diaohargaa to tha rlvr —— in 10* ton/y—r 

Tabla m 

•) Byadan 

diraot discharges in tha 
Natharlania 

diaehargaa via ditch** froa: 

th« Natharlanda 

•sigi ta 

Garnany 

DSM 

total 

BSV 

40 

3« 

•9 

10 

•4 

« 

total M 

It 

10 

P 

2.0 

0.7 

1.3 

1.4 

0.4 

374 47 5.8 

•>, 
Quantifia« in tha rivar fea* at tha aaaaurlng point 

•yaian usar tha •alglua-Matharlands aordar. 
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Çoat« of Hiwir di toh of 06M 

JnvfjtjTOt 

(in 1964) 

Tabi« V 

civil 

aeehanical 

electrical 

instrumentation 

•iacellaneoue 

total 

Dil.  €50,000 

1,010,000 

220,000 

50,000 

20,000 

1,050,000 

Annual_oosta 

1965: e. Dfl. 600,000 

1966: e. -   640,000 

1967: e. -   950,000 

196«: e. -   750,000 

1069: e. -   800,000 

1970: e. - 1,180,00o1 

,«) 

•) 

par kg C0D 
oxidised 

e. Dfl. 0.15 

e. - 0.17 

e. - 0.20 

e. - 0.14 

e. - 0.40 

C.   -        0.60 

I) «xtra saintanane« work 

Braa¿^own^of_annual_cojt» 

•«•'•y e. 20 % 

phosphoric acid and othar cheaieals   c. 5 % 

operation and supervision c.  5 f 

•«intanane, c. 25 % 

depreciation c. 30 » 

aiaoelianeoua c. i5 % 
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Jjlooh—ioal r—ctlona 

¿¿-ií2¿9fi2í¿.2ÍÍ5*!i25.2?_2rHDÍ9^íí;fill 

Tabi« vi 

». no —— > nm oallular subitane* 

b. K» + HjO 

e. (H) • 0. 

•> C0a • (H) 

•00 • 0.    — >a   —> COj • Ha0 • IM» cellular lutatane« 

In reaction o m± lMt—â of 0f ¿a »a« M H-aoo«ator. 

10 (H) OWJ  ntaf • 4 Hf0 • I or 

f¿-gil£¿f¿SíU8S 

i/ • i* o, 

>¿ • I Of       »te*-fr 

>»¿ • HjO • ! H* 

>*>¿ 

'« *§S •>W0¿ • Mf0 • S M* 
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Tâbl» VII 

Fro—TU— of mti »rntor otro— of acrylonitrll» plant 

VOIUM ratio o. 1 i        1 

of (MH4)2t04     e. 1 : 100 

nt of org. Mtorial     e. 1 t        9 

000 g/l 10 •0 

oataljat oboont traooo 

trae«* traooo 
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Plg.  1 
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influença of a period of low pH of the influent on the 
purification in a active sludge installation and a 

Pasveer ditch. 

50 

40- 

30 

2a 

FifTl 

fill 

8        10       12       14      16 
Number of days 

hour« Ä. • 2 
reco M 

--.-—. DISCHARGE ACTIVE SIUDŒ  INSTALLATION 
—— DISCHARGE   RASVEER OITCM 

-Ik.. 
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rig. 3 
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rig. 4 
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Pig. « 
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Plf.   7 

S 

1 

s 
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Normal desorption column 
rig. s 

From proem 
oondan—te tank 
*••       M   •' •lx     JIJI    TTHT"1 

C02 3-4%bywt 
NH33-6%bywt 
UREA 0.3-0.5% by wt 
"     H2O 

ToLPcmtoamate 
condenser 

=3kg/cm2 

NH3 
600-800 ppm by wt 
UREA 2000-3000 
ppmbywt 
R«stH20 
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Flf.   9 
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Plf.   10 
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rig. il 

•   *   •   >   .   •  i   <   .   *   i   '   i       i 

;   ;    i    i    '   »   i   i    i   i   i r^ 
w —J—'—*—*—••   '   -   •        y 
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