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A PROPOSAL FOR THE DIMENSIONS OF PRUIZCTION AREAS 
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National I n s t i t u t e  f o r  Water Supply, Voorburg, The Netherlands 

ABSTRACT 

Although the only way of safeguarding the  q u a l i t y  of the groundwater is t o  prevent 

any r i s k  of  po l lu t ion  i n  the  whole recharge a r e a ,  it i s  mostly impossible t o  maintain 

t h a t  p r i n c i p l e  f o r  p r a c t i c a l  and s o c i a l  reasons. Therefore many d i f f e r e n t  systems for 

the  pro tec t ion  of watersupply-areas a r e  appl ied,  which a r e  based on technical  and on 

socio-economic and adminis t ra t ive f a c t o r s .  

From a technica l  p o i n t  of view a pro tec t ion  system has t o  depend on the hydrogeo- 

l o g i c a l  p roper t ies  of  the aqui fe r .  In  t h i s  respec t  an important d i s t i n c t i o n  can be 

made between porous-permeable (mostly unconsolidated) aqui fe rs  and f i ssured  and kar- 

s t i c  (consolidated] a q u i f e r s ,  e s p e c i a l l y  i n  r e l a t i o n  t o  the  flow ve loc i ty  of the 

groundwater. Moreover, i t  i s  appropriate  t o  d is t inguish  between a pol lu t ion  with per- 

s i s t e n t  compounds and a pol lu t ion  of a deqradable na ture ,  which may lead t o  a zoning 

within a pro tec t ion  area.  

For both types of aquifer  a pro tec t ion  zone around the  well f i e l d  i s  establ ished 

which should guarantee a delay-time of a t  l e a s t  50-60 days before the groundwater i n  

the aqui fe r  i s  pumped; t h a t  time should be s u f f i c i e n t  t o  break down disease germs. 

Much l a r g e r  pro tec t ion  a reas  a r e  necessary t o  p r o t e c t  aga ins t  compounds which a re  

not o r  hardly degradable; t o  t h e  quest ion of the s i z e  of these areas  considerat ions 

of sa fe  and continuous water supply a re  re levant .  

For porous-permeable aqui fe rs  a pro tec t ion  area i s  proposed which has t o  guarantee 

a delay of the groundwater i n  the aqui fe r  of 25 years;  an i n t e r n a l  zoning based on a 

delay of 10 years  may be appropriate .  As the flow ve loc i ty  of the groundwater i n  f i s -  

sured and k a r s t i c  rocks i s  very high,  and so the pro tec t ion  a reas  would be of an 

enormous e x t e n t ,  t h i s  p r i n c i p l e  may be impract ical .  In t h a t  case the protect ion area 

should be r e s t r i c t e d  t o  a dis tance of 2 kilometers  from the wel l s ;  t h i s  dis tance has 

been succesfu l ly  appl ied i n  Germany f o r  a long time. 

Regulations i n  the d i f f e r e n t  pro tec t ion  a reas  can be appl ied i n  order  t o  r e s t r i c t  

the presence of hardly degradable substances i n  the  zones of 10 and 25 years and of 

6 0  days of delay. I n  the inner  zone of 60 days an addi t iona l  r e s t r i c t i o n  on the in-  

t roduct ion of d i sease  germs i s  necessary. 

Reprinted from The Science of the Total Environment, 21 (1981) 397403 
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INTRODUCTION 

A t  p resent  much a t t e n t i o n  and much money i s  paid t o  r a t h e r  extreme cases  of ground- 

water po l lu t ion ,  mostly caused by thought less  dumping of  chemical wastes and by 

leakage of t ranspor t  and s torage  of chemicals and o i l .  A considerable  number of cases, 

known i n  The Netherlands, occur i n  recharge a reas  of water catchments f o r  publ ic  Water 

supply. However, a p a r t  from the  pol lu t ion  with these chemicals, which a r e  of ten  en- 

dangering t o  hea l th ,  po l lu t ion  with less harmful substances a l s o  occurs. The drawback 

of t h i s  type of po l lu t ion  i s  t h a t  it is d i f f u s e  and occurs i n  many v a r i e t i e s  i n  the 

environment; e.g. the  examples of the  dec l ine  of t h e  groundwater q u a l i t y  a s  a r e s u l t  

of agr icu l ture  o r  of the inf luence of a i r  po l lu t ion  a r e  count less .  In r e l a t i o n  t o  the 

pro tec t ion  of groundwater q u a l i t y  t h i s  kind of p o l l u t i o n  i s  very d i f f i c u l t  t o  control  

and t o  regulate .  

It  is  q u i t e  c o r r e c t  t h a t  case h i s t o r i e s  and research r e s u l t s  are descr ibed again 

and again; unfortunately,  i t  is  p r a c t i c a l l y  impossible t o  c o l l e c t  a l l  des i red  da ta ;  

therefore ,  the descr ip t ions  must remain incomplete. Nevertheless, f o r  the  exchange of 

experience and f o r  evaluat ion these r e p o r t s  a r e  necessary as eye-openers. 

Many case h i s t o r i e s  r e l a t e  t o  a f f a i r s  i n  which people, whether consciously o r  not ,  

acted care less ly .  Today i t  i s  our task  t o  r e p a i r  those mistakes,  and e s p e c i a l l y  t o  

prevent po l lu t ion  of groundwater. Prevention is of o l d e r  o r i g i n  than s a n i t a t i o n ,  i n  

view of the f a c t  t h a t ,  i n  many count r ies ,  of  o l d ,  severe  l e g i s l a t i o n  concerninq the  

contamination of water wel l s ,  used f o r  dr inking water ,  e x i s t s .  A study on the  h is tory  

of the pro tec t ion  of t h e  q u a l i t y  of groundwater i n  r e l a t i o n  t o  l e g i s l a t i o n  i n  the 

d i f f e r e n t  countr ies  is  worthwhile, and a l s o  necessary i n  order  t o  a r r i v e  a t  uniform 

guidel ines  and l e g i s l a t i o n .  The subjec t  i s  so extensive t h a t  another s p e c i a l i s e d  sym- 

posium would he necessary; i n  t h i s  symposium w e  have t o  r e s t r i c t  ourselves  t o  the hy- 

drogeological aspects  of  the pro tec t ion  of groundwater, and e s p e c i a l l y  of the  water 

t h a t  is  dest ined f o r  dr inking water supply. 

Having thus l imited the top ic  of t h i s  paper one could simply end it by s t a t i n g  

t h a t  the only way t o  safeguard the  q u a l i t y  of groundwater i s  by forbidding any pos- 

s i b l e  source of po l lu t ion  within the recharge a rea  around a water-catchment. From 

t h a t  area any addi t ion of mater ia l  t o  the groundwater w i l l  f i n a l l y  reach the  wel ls  

i n  some form. I t  i s  c l e a r  t h a t  t h i s  i d e a l  pro tec t ion  is  impossible, and one w i l l  have 

t o  look f o r  a second-best so lu t ion .  According t o  the l e g i s l a t i v e ,  socio-economic and 

hydrogeological s i t u a t i o n ,  many count r ies  have developed t h e i r  own pro tec t ion  system. 

To 90 i n t o  t h a t  subjec t  would a l s o  require  another symposium; a second r e s t r i c t i o n  

t o  t h i s  theme is  the r e s t r i c t i o n  t o  the second-best so lu t ion  which i s  being i n t r o -  

duced i n  the  Netherlands a t  t h i s  moment, and which may be usefu l  to  o ther  countr ies .  

Hydrogeological s i t u a t i o n  i n  The Netherlands 

Before giving an o u t l i n e  of  the pro tec t ion  system, it i s  useful  t o  emphasize the 

s p e c i f i c  hydrogeological condi t ions i n  The Netherlands. Since the  beginning of the 
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T e r t i a r y  age the g r u t e r  p a r t  of  t h e  country has been a continuously s inking basin,  

i n  which sedimentation of marine and f l u v i a t i l e  sands and c lays  took place.  There w a s  

l i t t l e  t e c t o n i c  movement ( f a u l t i n g ) .  During the  Pleis tocene i c e  ages some formations 

have been pushed v e r t i c a l l y  by the ice;  the  g r e a t e r  p a r t  of the  sediments are layered 

hor izonta l ly .  The topography i s  r a t h e r  f l a t  o r  sometimes h i l l y .  Only i n  the  very 

south and east of the  country one w i l l  f i n d  consolidated rocks (sand- and limestone). 

In  comparison t o  many o ther  count r ies  one can speak of r a t h e r  uniform, hor izonta l ly  

layered aqui fe rs  of  unconsolidated sands and clays.  I n  these aqui fe rs  there  i s  a la- 

minar flow of groundwater with v e l o c i t i e s  of  10-100 m per year .  

Another important fea ture  i s  t h e  r a t h e r  high l e v e l  of the groundwater, which v a r i e s  

over la rge  a reas  between 0-2 m below surface.  

Of course,  the  p i c t u r e  has been oversimplif ied and the  s i t u a t i o n  is much more com- 

p l i c a t e d ;  d e t a i l s  are important when t a l k i n g  on pro tec t ion  problems. 

Another important d i f fe rence  compared with many o t h e r  count r ies  i s  t h a t  the pro- 

duct ion of dr inking water i s  concentrated; there  a r e  about 110 watersupply companies 

w i t h  240 wel l  f i e l d s  from which the  y i e l d  i s  over 700 mi l l ions  of m . Pr iva te  w e l l s  

f o r  dr inking water a r e  very r a r e ,  as p r a c t i c a l l y  a l l  housing i s  piped. 

Some s t a r t i n g  p o i n t s  f o r  pro tec t ion  

3 

To achieve a p r a c t i c a l  system f o r  pro tec t ion  a reas  around water catchments, some 

s t a r t i n g  poin ts  with an eye t o  watersupply and p r a c t i c e  may be s h o r t l y  mentioned: 

When the whole recharge area i s  not pro tec ted ,  one has  t o  be content  with a second- 

b e s t  so lu t ion .  In  t h a t  case c e r t a i n  r i s k s  f o r  the  groundwaterquality w i l l  have to  

be accepted. 

Because of the proper t ies ,  quant i ty  and p lace  of a possible  emission of a pol lu-  

t a n t ,  a zoning within the  pro tec t ion  a rea  i s  des i rab le .  

An increase  of t h e  catchment o r  fu ture  catchment a reas  have t o  be taken i n t o  ac- 

count where a d i f fe rence  can be made between s h o r t  t e r m  (10 years)  and long term 

(25-30 years)  r e a l i s a t i o n  of production. 

Generally speaking one cannot count i n  advance on el iminat ion of a p o l l u t a n t  by 

p u r i f i c a t i o n  processes i n  the underground; nor may one count on the  p o s s i b i l i t y  

of decay and d i l u t i o n  during t h e  passage through t h e  s o i l .  

Protect ion of groundwater q u a l i t y  should be s t rongly  prevent ive;  s a n i t a t i o n  a f t e r -  

wards i s  a very complicated a f f a i r ,  both technica l ly ,  adminis t ra t ive ly  and finan- 

c i a l l y .  

Technical guidel ines  f o r  the pro tec t ion  of groundwater q u a l i t y  should be used i n  

t h e  weighing of i n t e r e s t s .  

Another po in t  of view of the regula t ions  within the pro tec t ion  a reas  i s  t h a t  no 

s tandards a s  t o  the q u a l i t y  of the  groundwater e x i s t .  I t  has t o  be s u i t a b l e  f o r  the 

production of dr inking water by means of the  usua l ly  r a t h e r  simple p u r i f i c a t i o n  pro- 

cesses;  this s u i t a b i l i t y  should not be a f fec ted .  Neqative inf luences i n  t h a t  su i tab i -  
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l i t y  may come from hea l th  a f f e c t i n g  compounds ( t o x i c ,  carcinogenic ,  mutagenic sub- 

s tances ,  pathogenic b a c t e r i e s  and v i ruses  and radioactive mater ia l s )  and substances 

which impair taste,  odour and co lor  o r  may cause anaerobia or c o r r o s i v i t y ,  hardness 

and temperature of the  groundwater. A r a t h e r  d e t a i l e d  survey of these compounds has  

been given i n  t h e  Direct ive of the European Community on t h e  pro tec t ion  of  ground- 

w a t e r  aga ins t  p o l l u t i o n  by the  in t roduct ion  of c e r t a i n  dangerous compounds ( r e f .  1) . 
The list of chemicals i s  r a t h e r  long a s  i s  the  l i s t  of  a c t i v i t i e s  by which t h e  com- 

pounds may be re leased ,  and which i s  given by the  German Association of  G a s -  and 

Waterworks ( D V W ,  r e f  2 ) .  

Advanced methods of ana lys i s  have proved t h a t  many micro-parameters occur i n  ground- 

water, t h e i r  presence was unexpected and t h e  usual methods of ana lys i s  are unsui table  

t o  d e t e c t  them. Further  advancement i n  methods of chemical and tox ico logica l  ana lys i s  

may r a i s e  new problems t o  the pro tec t ion  of  the  q u a l i t y  of groundwater. 

Protect ion zones 

A s  s t a t e d  e a r l i e r  during t h i s  symposium many processes  i n  the  s o i l  may play a r o l e  

i n  d i l u t i o n ,  decay o r  o ther  a t tenuat ion  processes. From the  poin t  of view of safe-  

guarding the  publ ic  water supply, however, the  r e s u l t s  of those processes cannot be 

r e l i e d  upon. Nevertheless, it i s  usefu l  t o  d i s t i n g u i s h  between a pro tec t ion  aga ins t  

compounds and organisms which degrade r e l a t i v e l y  e a s i l y  i n  the s o i l  (e.g. germs) and 

chemical compounds which do not  o r  hardly degrade. This d i f fe rence  urovides a handle 

f o r  zoning within pro tec t ion  a reas .  

In hydrogeological view a d i s t i n c t i o n  has t o  be made between porous-permeable, 

mostly unconsolidated aqui fe rs  and consol idated aqui fe rs  of a f i ssured  o r  k a r s t i c  

character .  The most important reasons f o r  t h i s  d i s t i n c t i o n  a r e  the d i f fe rences  i n  flow 

ve loc i ty ,  i n  the flow system ( laminar/ turbulent)  and i n  the  degree of  p u r i f i c a t i o n  i n  

the pores o r  the absence of the l a s t  mentioned processes .  

Although the d i f fe rences  i n  flow system i n  f i ssured  rocks and i n  k a r s t i c  rocks a re  

important, they a r e  l e s s  important i n  the  descr ip t ion  of the  pro tec t ion  system. In  

case of a f a t a l  t h r e a t  t o  a water catchment, there  must be enough time t o  e l iminate  

the source of  po l lu t ion  and i t s  consequences o r ,  i n  the  worst case,  t o  f ind  and t o  

r e a l i s e  an a l t e r n a t i v e  source f o r  dr inking water. This has led t o  the development of 

a system of pro tec t ing  the groundwater by the in t roduct ion  of pro tec t ion  zones, which 

guarantee a c e r t a i n  delay t i m e  f o r  repara t ion  a c t i v i t i e s .  It  has repeatedly been sa id  

t h a t  this i s  a second:best so lu t ion .  

His tor ica l ly  the  f i r s t  p ro tec t ion  of groundwater used f o r  dr inking water supply i s  

d i rec ted  aga ins t  a po l lu t ion  with pathogenic germs; the f i r s t  d i r e c t i v e s  on protect ion 

give a necessary delay time of 50-60 days before  the groundwater i s  recovered. This 

delay should i n  general  be s u f f i c i e n t  t o  achieve a decay of the germs, so t h a t  they 

have l o s t  t h e i r  pathogenic proper t ies .  This required delay i s  being reviewed a t  pre- 

s e n t  with a spec ia l  eye on the  surv iva l  of v i ruses ;  perhaps a longer delay time of 
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e . g .  100 days or 1 yea r  w i l l  be necessa ry .  I t  is  c l e a r  t h a t  w i t h i n  t h e s e  50 a 60 days 

t h e r e  i s  no  p o s s i b i l i t y  f o r  any r e p a i r  or s a n i t a t i o n ;  t h i s  a r e a  should be w e l l  pro- 

t e c t e d  and t h e r e f o r e ,  i t  has  t o  be owned by t h e  watersupoly company. To i n d i c a t e  t h e  

s t r o n g  l i n k  t o  watersupply t h i s  zone of  50-60 days i s  c a l l e d  t h e  catchment area; i n  

t h e  Dutch s i t u a t i o n  it w i l l  reach from 10 t o  150 m from the  w e l l s .  

I n  case of s eve re  p o l l u t i o n  of a p e r s i s t e n t  c h a r a c t e r  w i th in  the  recharge a r e a ,  an 

a t t empt  i s  made t o  r e p a i r  t h e  damage. I n  many cases t h i s  r e p a i r  w i l l  t ake  a long t i m e  

and o f t e n  w i l l  n o t  be p e r f e c t ,  so  t h e  out look i s  t h a t  t h e  w e l l s  w i l l  be a f f e c t e d .  I t  

should be monitored what i s  e x a c t l y  happening i n  o r d e r  t o  be conclusive on t h e  san i -  

t a t i o n  measures,  which may inc lude  t h e  development of  new p u r i f i c a t i o n  p rocesses  or 

even the  replacement of the  catchment.  The A c t  on Water Supply o b l i g e s  the  Water Works 

t o  p rov ide  water  of  good q u a l i t y  and i n  s u f f i c i e n t  q u a n t i t y ,  i r r e s p e c t i v e  o f  o r i g i n .  

For t h e  sake  of t h e  c o n t i n u i t y  o f  watersupply and t o  exclude r i s k s  t o  p u b l i c  h e a l t h ,  

a t  least  a de lay  of  t h e  groundwater i n  t h e  a q u i f e r  of  10 yea r s  i s  needed, which re- 

s u l t s  i n  a 10-year p r o t e c t i o n  zone. 

Because i n  many c a s e s  10 y e a r s  w i l l  n o t  be s u f f i c i e n t  t o  guarantee c o n t i n u i t y  of 

s a f e  watersupply a 25 y e a r  p r o t e c t i o n  zone w i l l  be necessary.  The p r o t e c t i o n  zones of 

10 and 25 y e a r s  t o g e t h e r  are c a l l e d  t h e  p r o t e c t i o n  a r e a ;  i n  t h e  Dutch s i t u a t i o n  the 

d i f f e r e n t  zones ex tend  about  800, r e s p .  1200 m from t h e  w e l l s .  

I n  k a r s t i c  and f i s s u r e d  a q u i f e r s  t h e  flow v e l o c i t y  o f  t h e  groundwater may be very 

h igh ;  i n  t h e  dutch s i t u a t i o n  t h e  v e l o c i t y  range i s  10-100 m/year, w h i l s t  i n  k a r s t i c  

r eg ions  v e l o c i t i e s  of  some k i l o m e t e r s  p e r  day are known. I t  i s  clear t h a t  the p r i n c i -  

p l e  o f  minimal de l ay  t i m e s  f o r  p r o t e c t i o n  a r e a s  i n  case of  h igh  flow v e l o c i t i e s  w i l l  

l e a d  t o  very large p r o t e c t i o n  a r e a s ,  which are impossible  t o  realise and t o  maintain.  

In  t h e  case of  f a s t  f l o w ,  n e a r l y  always i n  c o n s o l i d a t e d ,  f i s s u r e d  o r  k a r s t i c  a q u i f e r s  

t h e  p r o t e c t i o n  w i l l  have t o  be r e s t r i c t e d  f u r t h e r .  I n  analogy with t h e  Cerman d i r e c -  

t i v e s  on p r o t e c t i o n  ( r e f .  2) t h e  e s t ab l i shmen t  of  a catchment area wi th  a d e l a y  of  

50-60 days i s  proposed while t h e  p r o t e c t i o n  a r e a  cou ld  be r e s t r i c t e d  t o  a d i s t a n c e  

of 2 k i lome te r s  from the w e l l s .  This  German system i s  also a second-best  s o l u t i o n ,  

b u t  has  proved t o  be u s e f u l  f o r  m o r e  than t h i r t y  y e a r s .  

For bo th  hydrogeologic  systems t h e  d i f f e r e n t  p r o t e c t i o n  zones are given i n  f i g u r e  1 .  

POROUS- PERMEABLE AQUIFER FISSURED AND KARSTIC AQUIFERS 

DELAY TIME 60 DAYS 

R - 2 K M  

BOUNDARY OF 
RECHARGE AREA 

DELAY TIME 60 DAYS 
DELAY TIME 10 YEARS 
DELAY TIME 25 YEARS 
BOUNDARY OF 
RECHARGE AREA 

CATCHMENT AREA PROTECTION AREA REMOVING RECHARGE AREA 
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60 DAYS AND 
a 3 Q m  

PROTECTION AGAINST 
PATHOGENIC BACTERIA 
AND VIRUSESAND 
AGAINSTC~IEMICAL 
POLLUTION SOURCES 

ONLY ACTIVITIES IN 
RELATION TO WATER- 
SUPPLY ARE ADMISSIBLE 

PROTECTION AREA 

1s AND 26 YEARS 
DELAY-TIME OR 
2 KILOMETER 

PROTECTION AGAINST 
HARDLY-DEGRADABLE 
CHEMICALS 

- - - - - - - - - - - - - . 
AS A RULE ARE NOT 
ADMISSABLE E.G.: 

~ TRANSPORT AND 
STORAGE OF 
DANGEROUS GOODS - INDUSTRIES . WASTE-SITES 

- BUILDING . MILITARY ACTIVITIES 
- INTENSIVE AGRICULTURE AND CATTLE- 
BREEDING 

-GROUND-. SAND- OR LIMESTONEPITS 
-WASTE WATER 

REMAINING 
RECHARGE AREA 

RULES OF ACT ON SOIL 
AND GROUNDWATER 
PROTECTION 

Figure 2 r e f e r s  t o  r e s t r i c t i o n s  on t h e  a c t i v i t i e s  w i t h i n  t h e  p r o t e c t i o n  zones.  From 

t h e  p o i n t  of  view of  l e g i s l a t i o n  it w i l l  o f t e n  be p r e f e r a b l e  t o  e s t a b l i s h  a system of  

p r o h i b i t i o n s  wi th  a p o s s i b i l i t y  o f  exemption. In  t e c h n i c a l  view one can g i v e  an enu- 

merat ion o f  hazardous a c t i v i t i e s ,  which i n  gene ra l  are n o t  allowed i n  p r o t e c t i o n  

zones; i n  t h i s  way t h e  r i s k  can be e s t i m a t e d .  I t  must be  s a i d  t h a t  e s p e c i a l l y  i n  t h e  

p r o t e c t i o n  a r e a s  of  f i s s u r e d  and k a r s t i c  rocks utmost prudence must be  e x e r c i s e d ,  

because of  t he  f a c t  t h a t  t he  groundwater most ly  does n o t  f low through t h e  m a t r i x ,  so 

t h a t  a t t e n u a t i o n  p rocesses  w i l l  no t  be s u c c e s f u l .  

Advantages of  t h e  p roposa l  of t h e  above given p r o t e c t i o n  system, i n c l u d i n g  i ts  

s t a r t i n g  p o i n t s ,  i s  t h e  p o s s i b i l i t y  of a r ea l i s t i c  weighing o f  i n t e r e s t  of  w a t e r  supply 

and o t h e r  p u b l i c  i n t e r e s t s ;  b e s i d e s ,  i n  t h e  c a l c u l a t i o n  o f  zones of a c e r t a i n  minimum 

de lay  t i m e  a l l  geohydrologic  f e a t u r e s  can be taken i n t o  account .  

Some r e s u l t s  of  hydro log ica l  c a l c u l a t i o n s  a r e  given i n  f i g u r e s  3 and 4 ,  which speak 

f o r  themselves.  
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With t h e  p r i n c i p l e  of  delaytimes it can be s a i d  t h a t  a l o t  of a t tenuat ion  processes 

i n  t h e  underground a r e  t i m e  dependent; u p t i l l  today l i t t l e  is known of  the  exact  be- 

haviour of chemicals. In  f u t u r e ,  when more w i l l  be known, f a r t s  about processes and 

required delay t i m e s  may be considered j o i n t l y .  

I t  i s  superfluous t o  say t h a t  t h e  pro tec t ion  of t h e  q u a l i t y  of groundwater, des- 

t ined  f o r  publ ic  w a t e r  supply, includes a l o t  of d i s c i p l i n e s ,  among which hydrogeology 

p lays  a leading r o l e ,  next  t o  chemistry, physics  and microbiology. A combination of 

these d i s c i p l i n e s  i n  tack l ing  a problem w i l l  lead t o  an ana lys i s  of the  r i s k  f o r  the 

q u a l i t y  of  t h e  groundwater and t h e  w a t e r  supply. Thereaf te r ,  a p o l i t i c a l  decis ion on 

c o n f l i c t i n g  i n t e r e s t s  and within the  p o s s i b i l i t i e s  of the  a c t i n g  l e g i s l a t i o n  has t o  

be made. I t  i s  a premise t h a t  t h e  whole system leads t o  a f e a s i b l e  and p r a c t i c a l  so lu -  

t i o n .  
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