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NECESSITY AND OBJECTIVES FOR A COWUTER BASED GROUND’YIATER 
QUALITY MANAGEMENT I N  THJ3 GDR 

ST. KADEN 
I n s t i t u t  f i l r  ‘ J a s s e r w i r t s c h a f t ,  B e r l i n  (G.D.R.) 

IDENTIFICATION OF THE PROBLEM 
Groundwater is t h e  major  source  f o r  d r i n k i n g  wa te r  supply i n  

t h e  GDR. About 70 percent  of  t h e  t o t a l  demand f o r  d r ink ing  wa te r  
a r e  covered by t h i s  source.  By 1990 only  30-40 percent  of t h e  
r e s o u r c e s  t o  be used w i l l  be n a t u r a l  ones. Hence, i t  fo l lows  t h a t  
t h e  usab le  s h a r e  of groundwater r e s o u r c e s  needs t o  be a r t i f i c i a l l y  
expanded i n  o r d e r  t o  meet f u t u r e  wa te r  demand. 

Bes ides  u s i n g  bank f i l t e r e d  wa te r  t h e  d e c i s i v e  inc rease  w i l l  be 
achieved  by a r t i f i c i a l l y  r echa rg ing  a q u i f e r s .  Furthermore,  even 
t h e  use  of s u r f a c e  mine dra inage  wa te r  must be taken  i n t o  account  
a s  an a l t e r n a t i v e  f o r  r e s o l v i n g  t h e  demand supply c o n f l i c t .  Because 
of t h e  e x t r a c t i o n  of e v e r  deeper  l y i n g  c o a l  seams an e v e r  i n c r e a s i n g  
q u a n t i t y  of  wa te r  needs t o  be d ra ined  of f .  A t  p resent  t h e  t o t a l  
q u a n t i t y  of dra inage  wa te r  amounts t o  about 1.5 m i l l i o n  m /a which 
a r e  predominant ly  d ischarged  t o  r e c e i v i n g  s u r f a c e  wa te r  courses .  

Despi te  of t h e  above mentioned f a c t s  t h e  methodological  problems 
of groundwater q u a n t i t y  management a r e  l a r g e l y  solved.  The computer 
model system “Subsurface Water”, developed by t h e  j o i n t  r e s e a r c h  
group “Groundwater“ of t h e  I n s t i t u t e  of Water Management B e r l i n  
and the Technica l  U n i v e r s i t y  Dresden was implemented u s i n g  a 
h i e r a r c h i c a l  model concept  (concept  of con t inous ly  working models) . 
It h a s  proved t o  be a u s e f u l  t o o l  f o r  s o l v i n g  p r a c t i c a l  management 
problems. 

I n  t h e  f u t u r e  wa te r  q u a l i t y  w i l l  become t h e  c o n s t r a i n i n g  f a c t o r  
of groundwater management. A l l  t h e  above mentioned procedures  f o r  
a r t i f i c i a l l y  expanding t h e  usab le  r e source  b a s i s  ~ cannot  be economi- 
c a l l y  used  wi thout  s o l v i n g  t h e  r e l a t e d  q u a l i t y  problems. Due t o  
t h e  s p e c i f i c  hydrogeologica l  c o n d i t i o n s  of t h e  GDR, and i n  p a r t i -  
c u l a r ,  due t o  t h e  h i g h l y  mine ra l i zed  wa te r  i n  deeper  a q u i f e r s ,  
predominant ly  l e s s  po l lu t ion -p ro tec t ed  sha l low a q u i f e r s  have t o  
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be u t i l i z e d .  S ince  t h e s e  a q u i f e r s  a r e  u s u a l l y  d i r e c t l y  correspon-  
d ing  wi th  t h e  s u r f a c e  w a t e r  t h e y  a r e  p o t e n t i a l l y  endangered by 
impacts  r e s u l t i n g  from i n t e n s i v e  i n d u s t r i a l  and a g r i c u l t u r a l  
a c t i v i t i e s  t a k i n g  place i n  t h e  s u r f a c e  watersheds.  One example 
f o r  t h i s  is t h e  i n t e n s i v e  use  of chemical f e r t i l i z e r s  i n  a g r i c u l -  
t u r e  which i n  t h e  long  run  may cause t h e  n i t r a t e  concen t r a t ion  i n  
groundwater t o  be exceeding  t h e  l i m i t  s e t  i n  t h e  d r i n k i n g  wa te r  
s tandard .  

I n  o r d e r  t o  preserve  groundwater a s  t h e  main source  of d r i n k i n g  
wa te r  supply ,  groundwater p r o t e c t i o n  is an  u r g e n t  t a s k  i n  view of 
t he  p r e s e n t l y  i n c r e a s i n g  r i s k  of po l lu t ion .  It n e c e s s i t a t e s  t h e  
i n t e g r a t i o n  of q u a l i t y  a s p e c t s  i n t o  t h e  e x i s t i n g  q u a n t i t y  manage- 
ment concept ,  t h a t  means a comprehensive groundwater q u a l i t y  mana- 
gement needs t o  be implemented. 

PRINCIPLES OF GROUNDWATER QUALITY MANAGEMENT 
Groundwater q u a l i t y  management i s  aimed a t  r e s o l v i n g  c o n f l i c t  

s i t u a t i o n s  caused by t h e  competing i n t e r e s t s  of s o c i e t y .  On t h e  
one hand, t h e r e  i s  t h e  o b j e c t i v e  of p r o t e c t i n g  t h e  environment,  
on t h e  o t h e r  hand t h e r e  i s  t h e  need f o r  more i n t e n s i v e l y  u t i l i z i n g  
i t s  resources .  The scheme shown i n  F igure  1 i l l u s t r a t e s  t h e  complex 
problem s e t t i n g .  The p r o t e c t i o n  of groundwater from p o l l u t i o n  a s  
we l l  a s  a l l  methods f o r  a r t i f i c i a l l y  r echa rg ing  t h e  u s a b l e  ground- 
wa te r  r e s o u r c e s  can only  be comprehensively achieved  i f  t h e  r e l a -  
t e d  changes of wa te r  q u a l i t y  i n  t h e  underground can be monitored,  
p r e d i c t e d  and con t ro l l ed .  

Based on coord ina ted  methods of c o l e c t i n g ,  s t o r i n g  and proces- 
s i n g  d a t a  on groundwater q u a l i t y  management p o l i c i e s  must be 
aimed a t  an  i n t e g r a t e d  implementat ion of t e c h n o l o g i c a l ,  econimic 
and i n s t i t u t i o n a l  measures. I n  d e r i v i n g  such p o l i c i e s  t h e  tech-  
n o l o g i c a l l y  f e a s i b l e  c o n t r o l  a l t e r n a t i v e s  have t o  be t r a d e d  of f  
and a s s e s s e d  wi th in  a socio-economic p lanning  process .  

A d e c i s i v e  p recond i t ion  of computer based groundvrater q u a l i t y  
management i s  t h e  d a t a  p rocess ing  f o r  a n a l i z i n g  and p r e d i c t i n g  
q u a l i t y  changes i n  t h e  f i l t r a t i o n  process .  The use  of i n t e g r a t e d  
q u a l i t y  models of t h e  s o i l  and groundwater zone, a s  w e l l  a s  t h e  
a p p r o p r i a t e  c o n s i d e r a t i o n  of e x t e r n a l  boundary c o n d i t i o n s  l i k e  
p r e c i p i t a t i o n  and connec t ion  w i t h  s u r f a c e  wa te r  systems p lay  a 
c e n t r a l  p a r t  i n  t h i s  process .  The necessa ry  combination wi th  
q u a n t i t y  models must be ensured  i n  a l l  phases  of modeling. 
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A complete survey about t he  l e v e l  of s imulat ing coupled t rans-  
po r t ,  exchange and t ransformation processes i n  s o i l  and ground- 
water, achieved i n  t h e  GDR and some of t he  CMEA coun t r i e s  during 
the l a s t  t e n  years ,  was given by a conference c a r r i e d  out by t h e  
Technical Universi ty  Dresden l a t e  i n  1979. This conference revealed 
that only first p a r t i a l  s o l u t i o n s  of the whole 'problem a r e  ava i l ab le  
f o r  s e l e c t e d  substances,  or can be expected i n  the  next few years. 
To mod81 multicamponrnt systems f o r  p r a c t i c a l  purposes thereby con- 
s i d e r i n g  t h e  coupling of a l l  elements of t he  t e r r e s t r i a l  water 
resource system waR regarded an u n r e a l i s t i c  ob jec t ive  f o r  t he  time 
being. 

Information processing, i.8. t he  modeling of water q u a l i t y  i n  the  
f i l t r a t i o n  process,  i s  one element of groundwater q u a l i t y  management 
and can only be e f f e c t i v e  when dea l ing  with p r a c t i c a l  problems is 
organized i n  a coordinated and cooperative manner a s  shown i n  Fig. 1. 
Espec ia l ly  the  fundamental s ign i f i cance  of da t a  a c q i e i t i o n  must be 
considered. Groundwater q u a l i t y  management cannot be implemented i n  
p rac t i ce  without t h e  s e t t i n g u p  and operation of s u i t a b l e  q u a l i t y  
monitoring networks. I n  the GDR, a necessary precondition f o r  t h i s  
a c t i v i t y  was f u l f i l l e d  by the  adoption of gu ide l ines  on "Ground- 
water Monitoring" which def ine the  ca t egor i e s  of monitoring networks 
l i k e  basic  network, r eg iona l  monitoring and c o n t r o l  networks, plant  
r e l a t e d  monitoring and c o n t r o l  networks and special-survey networks. 

CONCEPT OF A HIERARCHICAL MODEL SYSTEM 
The coverage of a l l  the  manifold t a s k s  of groundwater q u a l i t y  

management can only be ensured by the  use of an h i e r a r c h i c a l  model 
system the elements of which produce s u f f i c i e n t l y  exact r e s u l t s  
for subproblems with p r a c t i c a l l y  j u s t i f i a b l e  simulation e f f o r t .  
I n  designing t h i s  model system it i s  advisable  and necessary t o  
consider i t s  dependence upon data  acqu i s i t i on .  Under t h i s  aspect  
a model system, divided i n  process models, plant-related models, 
r eg iona l  and b a s i s  models was devised. E s s e n t i a l  f e a t u r e s  of these 
model types a r e  l i s t e d  i n  Table 1. 

The process models provide the s c i e n t i f i c  b a s i s  f o r  the a n a l y s i s  
and simulation of t r a n s p o r t ,  exchange and t ransformation processes 
i n  underground water w i t h i n  the framework of  basic  r e sea rch  ca r r i ed  
out a t  the academies, u n i v e r s i t i e s  and co l l eges  i n  t he  GDR. I n  the 
long run, these process models have t o  serve a s  a b a s i s  f o r  the 
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development and implementation of t h e  o t h e r  model t ypes  f o r  analy- 
sing l o c a l ,  r eg iona l - and  n a t i o n a l  problems i n  groundwater q u a l i t y  
management. S i g n i f i c a n t  f i e l d s  of such p r a c t i c a l  a p p l i c a t i o n s  a r e  
p red ic t ions  of q u a l i t y  changes i n  a r t i f i c i a l  groundwater recharge 
SySteme a s  wel l  a s  the design and con t ro l  of t he  l a t t e r  p red ic t ions ,  
on the r eg iona l  d i s t r i b u t i o n  of p o l l u t a n t s  i n  t he  underground a 8  
part of groundwater p ro tec t ion ,  p red ic t ions  on t h e  q u a l i t y  deve- 
lopment i n  the  drainage water  of open-cast mines ( a s  a consequence 
of p y r i t e  and marcasite weathering) and p red ic t ions  of p o l l u t i o n  
load i n  the groundwater. 
From a computer point  of view the  h i e r a r c h i c a l  model system is 

formed by a modular programme system. Since t h i s  programme system 
w i l l  make use of an u n i f i e d  problem-oriented programming language 
the u s e r  need not  have any s p e c i f i c  knowledge about t he  s imulat ion 
methods applied and the  programme system i t s e l f  is open f o r  any 
necessary extensions. Another object ive i s  t o  make components of 
the system a l s o  usable  f o r  mini and micro computers and t o  c r e a t e  
t h u s  more e f f e c t i v e  condi t ions f o r  its p r a c t i c a l  use. 

- 

REFERENCES 
1 D. Lauterbach, Bedeutung d e r  Migrationsforschung fiir den Schutz 

und d i e  i n t e n s i v i e r t e  Nutzung d e r  Grundwasserressourcen de r  DDR 
(Significance of migration r e sea rch  f o r  t h e  p ro tec t ion  and inten- 
s i f i e d  use of groundwater resources  of t h e  G.D.R.), TU Dresden, 
S c i e n t i f i c  conference f o r  the s imulat ion of migration processes 
i n  s o i l  and ground water, volume 11, 1980 

2 L. Luckner, K. Tiemer, St .  Kaden, bV. Nes t l e r ,  Rechner e s t i i t z t e  
Bewirtschaftung d e r  Grundwasserressourcen i n  d e r  DDR ?Computer 
based management of groundwater resources  i n  t he  G.D.R.) , 
Wassel t f f i r tschaft~asser technik,  Berl in  29 (1978) 3 ,  p. 82-86 




