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Chapter 5 

WATER DEVETBPMENT ANI) MANAGEMENT POLICY 

5.1 WATER MANAGmW ACTIVITIES ORGANIZATIONS 

Water mnagement i s  a complex of a c t i v i t i e s ,  designed t o  meet the  demands of 
economic development and aiming a t  an optimum development and u t i l i z a t i o n  of 
water resources ,  depending on t h e i r  q u a l i t y  and a v a i l a b i l i t y  i n  space and time, 
and a t  the c r e a t i o n  of an optimum l i v i n g  environment, through the  conservation 
of water resources ,  t h e i r  p ro tec t ion  aga ins t  exhaustion and d e t e r i o r a t i o n ,  and 
through the  pro tec t ion  of human soc ie ty  aga ins t  t h e  harmful e f f e c t s  of water .  

The r a t i o n a l  management of water resources u t i l i z a t i o n  has a s  i t s  aim, i n  
cormion with development genera l ly ,  an enhancement of t h e  conditions f o r  h w n  
l i f e  and must, therefore ,  be recopnized as an i n t e g r a l  p a r t  of s o c i a l  and econo- 
mic development. 

In  periods of predominantly single-purpose water u t i l i z a t i o n ,  i n  a reas  with 
abundant water  resources ,  low population densi ty ,  s c a t t e r e d  snBll-scale i r r i g a -  
t i o n  networks and a l o w  degree of i n d u s t r i a l i z a t i o n ,  s o c i a l  and individual  water 
requirements can be s a t i s f i e d  by the  a c t i v i t i e s  of water users  o r  d i f f e r e n t  
loca l  organizat ions.  To achieve a higher  production and a b e t t e r  water u t i l i z a -  
t i o n ,  various spec ia l ized  organizat ions a r e  formed with t h e  aim of ensuring 
water supply, and/or d i sposa l ,  i r r i g a t i o n  development, power generat ion,  inland 
navigat ion,  pro tec t ion  aga ins t  floods e t c .  

I n  t h e  next  development s t a g e ,  r i v e r  boards and o t h e r  a u t h o r i t i e s  a r e  formed 
i n  order  t o  achieve a g r e a t e r  e f f ic iency  i n  t h e  management of water  development 
to  coordinate  the  multipurpose water u t i l i z a t i o n  and pro tec t  the  soc ie ty  aga ins t  
the harmful (effects  of water .  

The supreme regulatory a c t i o n  concerning water ,  i n  order  t o  meet the dernands 
a r i s i n g  out  of h w n  a c t i v i t i e s  and t h e  necessary pro tec t ion  of the  environment, 
is a government r i g h t  and obl iga t ion .  The del-egation of a u t h o r i t y  from the 
cent re  v a r i e s  f r m  country to  country and, i n  t h e  case of federal ized and 
developing count r ies ,  even wi th in  t h e  same c o u n t q ,  depending on the  given so- 
c i a l  and p o l i t i c a l  framework, the lega l  regime of water management, the avai l -  
a b i j i t y  of water  i n  r e l a t i o n  t o  i t s  use,  and o t h e r  regional  d i v e r s i t i e s .  

Jxgal and i n s t i t u t i o n a l  fac tors  play an important r o l e  i n  the  organizat ion 
of t h e  r e s p o n s i b i l i t i e s  f o r  water resources management. The i n s t i t u t i o n a l  frame- 
work Is aimed a t  s a t i s f y i n g  the d i f f e r e n t  i n t e r e s t s  of all water  users ,  and a l s o  
a t  f a c i l i t a t i n g  the cor rec t  implementation of a l l  water-related p o l i c i e s  and 
progranunes. Decision-&lting is  invariably c lose ly  linked with the relevant  poli- 
t i c a l ,  economic and s o c i a l  processes which a r e  t h e  r e s u l t  of  the in te rac t ion  of 
a niunber o f  bodies (Tab. 5.1).  
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Four basic groups can be distinguished among water management ac t iv i t i e s :  
(a) legal administration, 
(b) development a c t i v i t i e s ,  
(c) economic a c t i v i t i e s  (Tab. 5.2), 
(d) o ther  mnagement a c t i v i t i e s  ( inc l .  services - Tab. 5.3). 
Depending on the individual charac te r i s t ics  of a given country, the ins t i tu -  

t iona l  framework for  water resources management includes the agencies with poli- 
t i c a l  and regulatory functions,  working e. g. under regional au thor i t ies ,  and 
l eg i s l a t ive  bodies, working under a centralized water o r  other national authori- 
ty. In  order t o  r e s t r i c t  possible conf l ic t s  and provide a view which unifies 
nationwide in t e re s t s ,  the supreme coordination is usually entrusted to  a spe- 
c i a l  national authority,  t o  one of the ministries responsible f o r  the various 
water development aspects such a s  the Ministry of Water and Energy / Agricul- 
ture / Forestry / Public Works or t o  a multi-sectoral commission o r  special  
i n s t i t u t e .  To avoid any ambiguity, the exercising respons ib i l i ty  has t o  be 
separated from the administering arid controlling/monitoring responsibil i ty.  

The d ivers i ty  of i n s t i t u t iona l  integration in  water management depends on the 
separate consideration of such spec i f i c  problems as municipal and industrial  
water supply arid waste water disposal,  groundwater development, i r r iga t ion  and 
drainage, fo re s t  management, hydropower generation, inland navigation e t c . ,  and 
m y  be re f lec ted  by the existence of various organizations fqr some of these 
purposes. 

Nevertheless, a l l  matters r e l a t ing  to water should be regarded as forming 
par t  of an in tegra l  whole based on the unity of the relevant catchments. The 
s t ruc ture  of r ive r  boards corresponds to  t h i s  t e r r i t o r i a l  principle,  whereas 
the in s t i t u t iona l  s t ruc tu re  of water supply and waste water disposal organiza- 
t ions of ten  depends on the par t icu lar  in-house p o l i t i c a l  arrangements. 

I n  order t o  achieve the economic and soc ia l  goals of a country i n  considera- 
t ion of i t s  environmental l imi ta t ions ,  ex is t ing  surface and groundwater resour- 
ces have t o  be assessed, t h e i r  qua l i ty ,  na tura l  functions and present uses for 
a l l  purposes iden t i f i ed ,  the future demands i n  the medium and longterm estima- 
ted,  and both the medium and long-term plans formulated on the basis of an 
optimization process. 

Water resources planning 3s an in tegra l  par t  of water development and manage- 
ment is  a continuous process, whose implementation basically requires:  

(a) 

t ec t ion ,  

(b) 
(c) 

a fixed s t ra tegy  of water resources development and environmental pro- 

a f lex ib le  t ac t i c s  of water requirements and withdrawals management, 
an operational control and checking of water qua l i ty  and occurrence, 

water withdrawals, e f f luents  and t h e i r  qua l i ty ,  in-stream water uses and of 
measures of environmental protection. 
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5 . 2  PAltZT,OXES OF WAl'ER RESOTRCES DEVEILX'PEhT 
The course of water requirements and water withdrawals is general ly  deter-  

min is t ic ,  whereas the course of water a v a i l a b i l i t y  i s  de te rminis t ic  only within 
the l i m i t s  of the r e a l i s t i c  forecas t  of  groundwater and sur face  water avai l -  
a b i l i t y ,  which g r e a t l y  depends on weather ( r a i n )  forecas ts .  It  i s ,  therefore ,  
bas ica l ly  stochastic: i n  the  long teim. The occurrence of water  requirements and 
surface a v a i l a b i l i t y  is usual ly  contradictory:  t h i s  leads t o  the  f i r s t  paradox 
which has to  be d e a l t  with i n  water resources development: 

IN THE PERiOD O F  HIGH WATER REQUIREMENTS A SUBSTANTiALLY LOWER WATER QUAN- 

T I T Y  E X I . ~ T S  I N  I IATURAL UNREGULATED RESOURCES T.YAN .rtJ PERIODS OF LOW WATER 

PEOIJIRE,'IE:iTS. 

A gradual increase i n  t o t a l  water requirnierlts freqiiently r e s u l t s  i n  3 s i tua-  
t ion  where, during water u t i l i z a t i o n ,  a point  is reached when water requirements 
cannot be s a t i s f i e d  by an increase i n  water withdrawals from groundwater o r  un-. 
regulated discharges only. The water a v a i l a b i l i t y  has t o  be regulated by a r t i f i -  
c i a l  water accunnilation. 

Daily and weekly f luc tua t ions  can e a s i l y  be balanced by small reservoi rs  or  
water tanks. Seasonal f luc tua t ions  i n  water requirements irlanifest a cornparative- 
ly high d ispers ion  of minimuni and mximm values ,  which c a l l  f o r  an over- 
u t i l i z a t i o n  of a v a i l a b l e  water resources and claim a s u b s t a n t i a l  increase i n  
the parameters of re levant  development p r o j e c t s .  

As the number of reservoi rs  increases ,  gradual ly  less and less f e a s i b l e  
l o c a l i t i e s  or  less f e a s i b l e  arrangements f o r  supplementing t h e  required supply 
a v a i l a b i l i t y  have t o  be used, including d i s t a n t  water resources ,  deep ground- 
water s t r a t a ,  and, i n  the l a s t  s tage  of development, even resources with low 
qual i ty  and unconventional water resources .  

This is the  reason f o r  the rise i n  t h e  average investment, operat ional  and 
wintenance cos ts  f o r  water resources withdrawal, conveyance, p u r i f i c a t i o n  and 
d i s t r i b u t i o n .  I n  addi t ion ,  e f f l u e n t s  deprec ia te  the q u a l i t y  of a v a i l a b l e  water 
resources and waste water treatment becomes necessary, thus f u r t h e r  increasi~ng 
relevant  cos ts .  This leads t o  t h e  second paradox which has t o  be d e a l t  with i n  
water resources development: 

THE AVERAGE INVESTMEtJT AND OPERATIONAL CDSTS PER CUBIC METER OF WATER 

SUPPLIED GROWS EXPOlIENTlALLY,  EVEN THOUGH THE S P E C I F I C  COST OF WATER SUPPLY 

FOR INDIVIDUAL WATER DEVELOPMENT PROJECTS DECREASES DOWN TO A CERTAIN LEVEL 

WITH THE INCREASING QUArJTITY OF WATER SUPPLIED.  

Problems assoc ia ted  with a lack of water or inadequate water q u a l i t y  a r e  
solved by t h e  construct ion and subsequerit operat ion of water pro jec ts .  Water 
development p r o j e c t s  which have i n  good time been implemented c rea te  a tempora- 
ty surplus of water  t h a t  cannot be f u l l y  u t i l i z e d  inmediately a f t e r  t h e i r  com- 
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investment and 

construction process 

p l e t i o n .  This leads t o  the  t h i r d  paradox which has t o  be d e a l t  with i n  water 
resources development : 

THE TEMPORARY SllRPLlJ.5 OF hA.TER OWER~TMG 211 I!..TE?Z :Z< FOR WATER OVERUTILIZA-  

T I O l i  WirTHOUT AIJY IMPORTAlr'T NEGATIVE E:CONOMIC ZFFECYZ , Fi..?l.!S PRECO?:DITlONS FOR A 

SUBSEQUENT WATER S C A R C I T Y .  

Any period of temporazy surplus of water ends by achieving an equilibrium 
between water  resources and over-excessive water requirements. Any fur ther  lack 
of water is  again solved by cons t ruc t ing  a new pro jec t  (Fig.  5.1). This cycle  
is t o  be repeated,  extending the  water resources development t o  more d i s t a n t  
areas, u n t i l  a s t a g e  of a u t i l i z a t i o n  of  economically f e a s i b l e  water resources 
is achieved. This leads t o  the four th  paradox t h a t  has t o  be d e a l t  with i n  
water resources development: 

A L L  A V A I L A B L E  WATER RESOURCES ARE USEL, BEFORE E F F I C I E N T  WATER-SAVING TECM- 

NIQUES ARE A P P L I E D .  

Pa ssive ba I a n ce  

of water resources 

and needs 

I 1 I 
Gradual increase in 

water utilization 

(and project efficiency) 

Active balance 

of water resaurces 

and needs 

Fig.  5.1. Schematic i n t e r p r e t a t i o n  of t h e  cycle  of water resources development 
and water use r a t i o n a l i z a t i o n .  

A soc ie ty  should form pre-conditions for i t s  sound development by adapting 
i ts  water  requirements t o  water a v a i l a b i l i t i e s .  But t h i s  r u l e  funct ions under 
extreme s i t u a t i o n s  only: When water a v a i l a b i l i t i e s  are sharply r e s t r i c t e d ,  water 
is used for indispensable uses  only. The increased a v a i l a b i l i t i e s  cause water 
to be used f o r  less and less necessary uses. Under t h e  s i t u a t i o n  of a long-term 
water surp lus ,  growing water  withdrawals d i f f e r  more and more from t h e  indis-  
pensable water requirements. This f a c t ,  accompanied by an exponential increase 
i n  s p e c i f i c  investment and opera t iona l  cos ts  caused by u t i l i z i r g  less and l e s s  
f e a s i b l e  pro jec t  sites f o r  growing t o t a l  water withdrawals, leads to t h e  f i f t h  
paradox that has t o  be  d e a l t  wi th  i n  water resources development: 
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GRADUALLY INCREASING DEVELOPMENT COSTS GRADUALLY SAFEGUARD L E S S  AND L E S S  

IMPORTANT WATER REQUIREMENTS. 

5.3 STRATEGY OF WATER RESOURCES DEVELOPMENT 
By formulating the  desired water res'ources development object ives ,  i t  is 

possible t o  es tab l i sh  a s t ra tegy  f o r  the  ra t iona l  conservation and step-by-step 
development of those resources: i . e .  t o  es tab l i sh  procedures fo r  increasing the 
ava i l ab i l i t y  and subsequent u t i l i z a t i o n  and disposal  of water re5ources. A 
conunon object ive is fo r  example the conservation of the na tura l  functions of 
water resources within the  framework of the na tura l  environment, especial ly  
of the qua l i ty  and optimum a l loca t ion  of these water resources among present 
and poten t ia l  water users ,  i . e .  thp i r  optimum multi-purpose u t i l i z a t i o n  within 
the framework of the ex is t ing  and expected soc ia l  and economic s t ruc ture  (Fig. 
5.2). 

Tang-term planning, a basic  tool  fo r  helping t o  achieve thrse  object ives ,  
consis ts  of the f o l l m i n g  s teps :  

(a)  ident i f ica t ion  of ava i lab le  surface and groundwater resoiirces, evalua- 
t ion of t he i r  qua l i ty  and uses i n  relevant categories of water u t i l i z a t i o n ,  
which requires  an information system o r  i t s  establishment; 

(b) evaluation of water denmnds i n  the  medium texm ( f ive  years)  and of 
water needs i n  the long term, t o  match the physical and socio-economic condi- 
t ions ,  nat ional  and regional development plans ; t rea t ing  i n t e r r e g i o n a l  and 
internat ional  problems i n  the context of nat ional  i n t e r e s t s ;  

(c)  compilation of balances of water resources and needs, detect ing c r i t i c a l  
areas ,  present  and future  problems; 

(d) formulation of a l t e rna t ive  scenarios and s t r a t eg ie s ,  appropriate f o r  
solving pa r t i cu la r  na t iona l ,  regional and loca l  problems; 

(e )  optiniization and evaluation of these scenarios and s t r a t eg ie s ,  with res- 
pect t o  t h e i r  advantages and disadvantages, environmental and socio-economic 
af ter-effects ,  o ther  implications and unavoidable repercussions, benef i t s  and 
losses ,  and, l a s t  but not l e a s t ,  the  investment, operation and associated costs 
required f o r  the f u l l  completion and successful operation of the project  o r  corn- 
plex implenientation of required arrangements i n  the framework of the present and 
future  socio-economic s t ruc tu re ;  

( f )  s e l ec t ion  of the optimum scenario and s t ra tegy ,  i .e .  the most appro- 
p r i a t e  f o r  solving pa r t i cu la r  regional and loca l  problems, capable of being 
pursued on a phased and f l ex ib l e  bas i s ,  taking in to  account environmental and 
socio-economic l imi ta t ions  i n c l .  the  lack of sk i l l ed  human resources and the 
iner t ia  of l oca l  cus tom,  obsolete soc ia l  s t ruc ture ,  t r ad i t i ona l  labour methods, 
jeopardizing especial ly  the  successful introduct ion of modern agr icu l tura l  
pract ices ,  and the implementation and operation of modem i r r iga t ion  systems; 
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! 
DE V ELOPM E N T SC ENA R I0 S 

Fig. 5 .2 .  Block diagram f o r  a l loca t ion  of water resources i n  l i n e  with develop- 
ment of the  s o i l  resources and industry.  Any ra t iona l  development tends t o  the 
ul t imate  s tage  of a sustained u t i l i z a t i o n  of the  na tura l  po ten t ia l  by using the 
mininim [ratter and ene rw,  which should be checked in  relevant time horizons. 

(g) approval and acceptance of the preferred scenarios and s t ra tegy  by a l l  
cen t ra l  and regional au tho r i t i e s ,  involving the existence of an appropriate 
legal  and in s t i t u t iona l  framework and two-way co-ordination among a l l  levels  of 
responsible au thor i t ies  during the planning process; 

budgeting the gradual implementation within the  framework of medium-term 
plans,  whose aim is  t o  in tegra te  planned programes of d i f f e ren t  sec tors ,  define 
in  f inanc ia l  terms the annual na t iona l ,  regional and local  object ives ,  and t o  
a l loca t e  funds f o r  achieving those medium-term objectives ; 

(h) 

( i )  monitoring the p e r f o m n c e  of the plan, modifying i t ,  i f  required by 
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changed circunls tances, needs and p r i o r i t i e s .  
Significant goals i n  mediiun-term plan implementation include the hannoniza- 

t ion o f :  

(a )  the development of the natural  environment, balancing the needs of the 
u t i l i za t ion  of natural  resources and the necessity of environmental protection 
i n  order t o  decrease the  negative impact of water u t i l i z a t i o n  on the hydrolo- 
g ica l  cycle, which reduces the volume of water available and leads to  a deter- 
io ra t ion  i n  i t s  qua l i t y ,  

(b) the water needs of present and potential  water users with a view to  the 
required water qua l i ty  and quantity and to the optimum economic conditions. 

To achieve the above goals,  the following three principles have t o  be res- 
pected: 

F i r s t  principle of water development strategy: 

KEEPING THE DEVELOPMENT OF WATER RESOURCES I N  L I N E  WlTH THE OVERALL SOCIO-  

ECONOMIC DEVELOPMENT BY RESPECTING THE D I V E R S I T Y  OF THE OCCURRENCE OF WATER 

RESOURCES UNDER NATURAL CONDITIONS.  

direct 
pr 0 duct ion 

3 costs 

Fig. 5.3. Graphic representation of the r e l a t ion  of the t o t a l  d i r ec t  production 
cost  and the expenditure on inf ras t ruc tura l  investment and opera t ion  according 
to  Czuka (1975). Excess inf ras t ruc tura l  capacity (path A A2 B B2 C)  enables 
lower production costs.  

Economic development requires a proportional development i n  the f i e lds  of 
both productive and inf ras t ruc tura l  projects.  Expenditures i n  the sphere of the 
inf ras t ruc ture  decrease the cost  of d i r ec t  production ac t iv i ty .  Production costs 
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increase with decreasing inf ras t ruc tura l  costs un t i l  a minimum infrastructt iral  
value is attained which is indispensable for  obtaining any output from the 
d i r ec t  production a c t i v i t y .  

The national objective i s  to increase production a t  the minimum t o t a l  cos t ,  
i . e .  including the expenditures both i n  d i r ec t  production ac t iv i ty  and in  the 
inf ras t ruc ture .  The curve expressing the  re la t ion  between d i r ec t  production 
cos ts ,  investment and operation costs i n  the sphere of in f ras t ruc ture ,  a l so  
including investment and operation costs fo r  water development projects,  is 
hyperbolic. It moves gradually away from the zero point i n  time, due t o  more 
developed and f inanc ia l ly  more and more demnding investments. 

The way to technically more developed production may be twofold: 

(a )  with def ic ien t  in f ras t ruc tura l  capacity, requiring higher d i r ec t  produc- 

with excess inf ras t ruc tura l  capacity, permitting d i r ec t  production costs 
t ion cos ts ,  

(b) 
t o  be maintained a t  a low level.  

The development scenario with excess inf ras t ruc tura l  capacity (A A2 R B2 C) - 
(Fig. 5.3) enables lower production cos ts ,  thus forming more favourable produc- 
t ions ,  a t t r ac t ing  productive investments and dynamically increasing l iving 
standards. 

The development scenario with def ic ien t  i? f ras t ruc tura l  capacity, which 
appears in  countries with slowly developing economies (path A B1 B C1 C ) ,  leads 
to higher production cos ts ,  which a re  then d i f f i c u l t  to reduce i n  the period of 
a su f f i c i en t  in f ras t ruc ture .  It is therefore advantageous to  develop water in- 
vestments belonging pa r t ly ,  i n  some economic models, t o  the production sphere, 
f ive  t o  ten years before the f u l l  development of the production sphere. 

Second principle of water development strategy: 
RESPECTING THE L I M I T S  OF THE NATTIRAL ENVIRONMENT I N  THE STAGE OF I T S  FULL, 

RATIONAL AND LASTING UTILIZATION FOR THE SAKE OF HUMAN SOCIETY. 

The basic objective of water development a s  an integral  par t  of soc ia l  and 

the maximization of the l iv ing  standard fo r  the population o r  i n  its second 
economic development can be defined simply e i the r  a s  
- 
extreme, under completely d i f fe ren t  local o r  environmental conditions, 
- the safeguarding of the survival of the population. 

The second objective may appear a s  decisive,  not only under the spef ic ic  con- 
d i t ions  of underdeveloped populated countries or  areas with extreme c l imtologi -  
ca l  conditions, but a l so  i n  the conditions of some developed areas whose deve- 
lopment has already exceeded the environmental l i m i t s ,  i . e .  the potential  of 
renewable na tura l  resources. As mentioned before feedbacks e x i s t ,  causing a 
de te r iora t ion  i n  the environmental qua l i ty  a s  a r e su l t  of any over -u t i l i za t ion .  

The resources poten t ia l  of a cer ta in  area can be defined as its a b i l i t y  to 
s a t i s f y  permanently the  needs of society,  a r i s ing  from its socio-economic deve- 
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lopment. I n  can be expressed by a mult i tude of phys ica l ,  chemical, b io logica l  
and a e s t h e t i c  values and be simply represented by the  number of inhabi tan ts  
whose nourishment and economic development i t  is  possible  t o  pe imnent ly  s u s t a i n  
by a g r i c u l t u r a l  o r  o ther  production. Overproduction i n  excess of t h i s  resources 
p o t e n t i a l  is  therefore  poss ib le ,  but re levant  feedback causes a temporal o r  per- 
m n e n t  d e t e r i o r a t i o n  i n  the  environmental q u a l i t y .  

Water p o t e n t i a l ,  which forms an i n t e g r a l  p a r t  of t h i s  resources p o t e n t i a l ,  
can be defined by t h e  
- annual discharge of the  surface water and by the t a b l e  and quant i ty  of the  

groundwater , 
- annual r a i n f a l l  and the  discharge c o e f f i c i e n t s ,  
- minimmi discharges arid the  flow dura t ion  curve 
- water q u a l i t y  re levant  t o  quant i ty  records o r  to  the depth below the  surface.  

Over-ut i l izat ion of the water p o t e n t i a l  causes f i r s t  the  dec l ine  i n  the water 
q u a l i t y ,  and the second dec l ine  of the  environment. 

During the development of water resources loca l  resources a v a i l a b l e  nearby 
a r e  used f i r s t .  The u t i l i z a t i o n  of these l o c a l  water resources i s ,  i n  the next 
development s t a g e ,  o f t e n  replaced by mass water supply from s u b s t a n t i a l  resour- 
ces of general ly  lower q u a l i t y .  The i n t e r c o n n e c t i o n  of these mass water supply 
networks gradual ly  c rea tes  regional  water  supply s y s t e m .  The p o s s i b i l i t i e s  of 
f u r t h e r  extensive development a r e  exhausted by long-distance water conveyance 
and by the  c r e a t i o n  of an i n t e r r e g i o n a l  system. 

Respecting the  l i m i t s  of the n a t u r a l  environment means a r a t i o n a l  approach 
frcm the s t a g e  of a non-systenlatic u t i l i z a t i o n  of water resources, depending on 
t h e i r  a v a i l a b i l i t y  and economic f e a s i b i l i t y ,  t o  the  ul t imate  development s t a g e  
of the  f u l l ,  r a t i o n a l  and l a s t i n g  u t i l i z a t i o n  of water resources without any 
important long-term impact on the  n a t u r a l  equi l ibr iun .  

Third p r i n c i p l e  of water development s t r a t e g y :  
MAXIMIZATION OF THE REQUIRED OK P O S I T I V E  EFFECTS f3F THE PROJECT AND MINI- 

M I Z I N G  I T S  S I Z E  A N D  NEGATIVE IMPACT. 

This p r i n c i p l e  is derived not  only from the  need of economic f e a s i b i l i t y ,  but 
a l s o  from the  previous p r i n c i p l e  of respect ing the  environmental l imi t s .  Ey 
decreasing the s i z e  of  the p r o j e c t ,  i ts  negat ive impact may a l s o  be reduced and 
reserves l e f t  f o r  t h e  d iverse  fu ture  needs of t h e  soc ie ty .  
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nutriment 

inte r ru  Dted 

fert i l izers- compensatory link 

Fig. 5.4. An indisperisabie precondition f o r  the eff ic iency of any water 
development measures i s  the  maintenance of the uninterrupted s t ruc tures  of the 
system: interrupted s t ruc tures  have to  be replaced by new ones, e.g. f e r t i l i z -  
ing e f f ec t  of floods a f t e r  completed flood control measures has to  be compensa- 
ted by a r t i f i c i a l  f e r t i l i z e r s ,  which is  energy- and labour-intensive. 

5.4 TACTICS OF WATER WNAGEMENT 

Water requirements and water withdrawals usually exceed, or tend t o  exceed, 
the ra t iona l  water requirements. In  addi t ion t o  t h i s ,  e f f luents  and excessive 
water consumption impair water qua l i t y ,  r e s t r i c t i n g  i ts  fur ther  u t i l i za t ion .  
The need t o  search f o r  means of managing a water economy usually a r i s e s  as  a 
r e s u l t  of an ac tua l  o r  expected de te r iora t ion  i n  water resources caused by the 
pol lu t ion  of t he  area i n  question or of a whole country. An adequate u t i l i za -  
t ion of water resources and a proper control  of the use of water a r e  impossible 
without an adequate u t i l i z a t i o n  of a l l  ava i lab le  means, which a r e  basical ly:  

(a )  lega l  1 
(b) i n s t i t u t iona l  (and organizat ional)  i 
(c)  technical  t 
(d) economic e 

( e )  personal and moral P 
The lega l ,  i n s t i t u t i o n a l ,  organizat ional ,  technical ,  economic and personal 

arrangements and c r i t e r i a  which a r e  required t o  provide e f fec t ive  tools  fo r  the 
ra t iona l  and integrated development, use and conservation of water resources a t  
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the nat ional  leve l  a r e  riot veiy d i f f e ren t  from those required a t  the loca l  
leve l .  Water withdrawals W, water consumption C and water pol lut ion N a r e  a 
function of the indisperisable water requirements Ri and of the above var iables:  

From a soc ia l  point  of view, i t  is indispensable t o  safeguard first of a l l  
the  re levant  personal water requirements of any individuum 
condition of h i s  l iv ing  standard. This basic  quant i ty  is  t o  be offered to  the 
individuum i n  the optimum qua l i ty  and a t  a r a t e  which does not subs tan t ia l ly  
restrict h i s  l iv ing  standard. Water requirements and uses i n  industry,  agr icul-  
t u re ,  energet ics  and t ransport  a r e  t o  be safeguarded under d i f f e ren t  economic 
conditions, because these bodies d i r ec t ly  benef i t  from water u t i l i za t ion .  

a s  a basic  pre- 

On the o ther  hand, it is indispensable t o  use a l l  the  above tools f o r  the 
protect ion of human society before tinuseful wastage, misuse and depreciation of 
water resources and before overexcessive water withdrawals, demands and arrange- 
ments threaten o r  have a negative impact on the environment, thereby restrict- 
ing the fu ture  development o r  negatively influencing the l iv ing  standard or  
l i f e - s ty l e  of the society concerned. 

A dominant economic charac te r i s t ic  of water u t i l i t i e s  is the large invest- 
ment i n  fixed c a p i t a l ,  characterized by the capital-turnover r a t i o ,  i . e .  gross 
annual revenues divided by t o t a l  investment, ranging from 0.15 - 0.25 comparing 
with 0 .3  to  0.5 fo r  other  u t i l i t i e s  and 2.0 f o r  manufacturing indus t r ies .  

A negative re la t ionship  ex i s t s  between water pr ice  and the wzter quantity 
demanded. An increase i n  pr ice  is associated with a reduction in  the quant i ty  
demanded. Pr ic ing pol icy,  by a f fec t ing  water requiremerits, is  the e f fec t ive  
tool  which can, i n  r e l a t ion  t o  other  t oo l s ,  s a t i s f y  the varied goals of water 
mnagemen t . 

Domestic, i ndus t r i a l ,  agr icu l tura l  and inf ras t ruc tura l  water requirements 
a r e  responsive to  pr ice  changes. Concerning domestic water requirements, the 
change frcm f l a t  r a t e s  t o  metered r a t e s  may r e s u l t  i n  a permanent decrease of 
sane 30 t o  40% i n  water use. A decrease exceeding 60% was recorded a s  a re- 
s u l t  of warm water supply metering and paying separately f o r  each f l a t ,  being a 
r e s u l t  of a l t e r i n g  bas ic  uses, e.g. using stoppers, dishpans etc. instead of 
constant flaw, repair ing leaks i n  the domestic plmbing system etc. 

When the r a t i o  of water management costs  t o  the t o t a l  soc ia l  property is 
r e l a t ive ly  small, water development and management expenses can be fu l ly  cover- 
ed e i the r  from pr iva te  o r  from comon funds. There is a grea t  d ivers i ty  i n  the 
degree of i n s t i t u t i o n a l  in tegra t ion  i n  water mnagement, but the  growing costs  
of water development and management r e su l t  i n  increasing s t a t e  and internation- 
a l  coordination and f inanc ia l  intervent ion,  and i n  a general tendency t o  ensure 
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t h a t  the users  who d i r e c t l y  b e n e f i t  frcm such control  cover the  cost. 

TABLE 5.2 

Product [.hit Def in i t ion  Symbol 

1. Surface (raw, 
irr iga t ion ) 
water 

2. Groundwater 
3. Drinking water 

4 .  Process water 

5. Waste water 

6.  Treated waste 

7 .  Sliidge 
water 

8. Hydropower 

3 m 

3 
3 

m 
m 

3 

3 

m 

m 

3 m 

t 

liwh 

Water-withdrawn from a stream. 
(del ivered t o  the user)  

Water withdrawn from an aqui fe r .  
\dater corresponding t o  dr inking water 
q u a l i t y  s tandards,  del ivered t o  the 
water user .  
Treated water del ivered t o  the watei 
user  f o r  i n d u s t r i a l  use. 
Waste water taken away by the  sewerage 
system t o  the  stream o r  waste water 
t r c a  tment p lan t .  
Waste water t rea ted  i n  the waste water 
treatment p l a n t .  
U t i l i s a b l e  waste from waste water 
treatment and p u r i f i c a t i o n  p lan ts  
i n c l .  recovered mater ia l .  
Energy (average coiitiniious , peak, 
breakdown) generated by concentrat ion 
of head and by s torage ,  i f  required.  

C l a s s i f i c a t i o n  of water  management products 

This tendency r e s u l t s  i n  the formation of river boards and water supply/ 
disposa 1 a u t h o r i t i e s  a s  econcmic organizat ions safeguarding the  required pro- 
duc ts ,  productive and unproductive serv ices  (Tab. 5 .2 ,  5.3). Hence, the  task of 
economic management too ls  i s  as follows: 

(a) they p a r t i a l l y  o r  f u l l y  f inance the main a c t i v i t i e s  of water mnagement 
organizat ions,  which regula te  water development a c t i v i t i e s ,  

(b)  they regula te  water withdrawals, water consumption and the  quant i ty  and 
quality of e f f l u e n t  , 

( c )  they r e g i l a t e  i n d u s t r i a l  and a g r i c u l t u r a l  development, municipal and 
r u r a l  development, water power generat ion,  inland navigat ion,  water recrea t ion ,  
thus also inf luencing the  l i v i n g  standard of the population, which is a l s o  
d i r e c t l y  a f fec ted  by t h e i r  impact on t h e  dom(-.stic water requirements. 

The determination of charges f o r  water withdrawals, water consumption, in- 
stream water use,  water po l lu t ion ,  e f f l u e n t  d i sposa l ,  as wel l  as var ia t ions  and 
exemptions i n  these charges and r a t e s ,  and using water f o r  any of the mentioned 
purposes without charges, inf luences the  s o c i a l  e f f ic iency  of water u t i l i z a t i o n .  
Rut the degree of such inf luence depends on l o c a l ,  and espec ia l ly  economic con- 
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d i t ions .  These charges and r a t e s  influence the water requirements of the popula- 
t ion i n  connection with the l iv ing  standard and s t y l e ,  i . e .  the net  income, 
standard of dwelling and soc ia l  customs. 

The influence of water r a t e s  on ag r i cu l tu ra l  water requirements rrainly de- 
pends on the cost-benefit r a t i o ,  on expenses f o r  o ther  arrangements needed f o r  
an increase i n  ag r i cu l tu ra l  y i e ld ,  on the market and c red i t  p o s s i b i l i t i e s ,  and 
on the Ine r t i a  of t r ad i t i ona l  i r r i g a t i o n  and other  ag r i cu l tu ra l  pract ices .  

TABLE 5.3 

Water management Unit Def in i t ion  
services  

symb 0 I 

Productive service:  
1. Flood control  km 2 

2. s o i l  protect ion km2 

3. Maviga t ion tkm 

4 .  Aquatic l i f e  m .s 3 -1 

management 

3 s-l 

3 s-l 

5. Pol lut ion control m . 

6. Other productive rn . 
services  

Water resources rnanagement aimed a t  
protect ion against  floods and 
erosion. 
Drainage and s o i l  protect ion.  
Improvemerit of wateiways , operation 
of locks and flow control .  
Water del ivery and water resources 
mnagemeri t t o  increase e spec i a 1 ly 
f i s h  production. 
Management of water resources t o  
restrict water pol lut ion.  
Management of water resources t o  
enable production i n  other  produc- 
t i on  sec tors ,  e.g. water del ivery 
f o r  pump storage plants  etc. 

N1 

N2 

N3 

N4 

N5 

N6 

Unproductive 
services  : 

~~ 

N7 7 .  Recreation and capi ta  Management of water courses t o  
water spor t s  Per enable o r  improve recration. 

season 
8. Hydrmeteorolo- Collection and processing of hydro- N8 

9. Other unproduc- 
g i c a l  services  meteorological data. 

Categorization of water management services. 

The impact of w a t e r  rates on indus t r i a l  water demands depends on the r a t i o  
of the water supply and ef f luent  disposal  cos t  t o  the t o t a l  cos t  of production, 
on t h e i r  influence on the  development of the relevant  indus t r ia l  p lan t ,  on the 
water-saving technology ava i lab le ,  on the i n e r t i a  of t r ad i t i ona l  production 
prac t ices ,  and, l a s t  but not l e a s t ,  on t h e i r  influence on the net  income of the 
relevant  milagers , 
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Prac t ica l  water pr ic ing  systems generally represent combinations of the 
following watei p r ic ing  p o s s i b i l i t i e s :  

( a )  
(b) Specif ic  water tax ,  
(c )  \dater r a t e s  

Free of charge, i . e .  pr ice  of water included i n  general taxes ,  

- per uni t  of water 
- per u n i t  of product 

($ per 1 .s- l )  
($ per 1000 pc, per kldh) 

- per uni t  of services  ( t b )  
- lump sum, without r e l a t ion  t o  the quant i ty  of water supplied. 

Rates can take the following f o r m  

(a)  uniform r a t e s ,  dependent on the quantity supplied i n  the relevant  cate- 
gories  of water users ,  

(b) r a t e s  with increase f o r  increased quant i t ies  (supporting water savirg)  
(c )  r a t e s  with reductions f o r  increased quant i t ies  (supporting the develop- 

ment i n  the relevant  category of water users)  

(d) seasonal (depending on the balances of water resources and requirements 
and supporting water saving i n  the period of i ts  def ic iency) .  

!dater r a t e  per un i t  can be 
(a) uniform f o r  a l l  water users ,  

(b)  d i f fe ren t ia ted  (dependent on the  s t a t e  social and development policy: 
bas ic  quant i ty  f r ee  clf charge, lower pr ices  f o r  preferred water users ,  e.g. for  
ag r i cu l tu re ,  higher f o r  high-income producers etc. ) 

( c )  dependent on water qua l i t y  (surface water, groundwater, t rea ted  water 
e t c . ,  c lass  Ia, Ib ,  11, 111, I V ) ,  

(d) dependent on the qua l i t y  of the product ( i n  energetics fo r  kbJh basic ,  
peak, breakdown e t c . )  

(e )  
I n  the case of water r a t e s  per un i t  of water consumption, these can be 
(a) uniforni, 

(b) 
(c )  

dependent on water consumption ( i n  industry and energet ics) .  

categorised on the bas i s  of the consumption r a t i o ,  
with an increase f o r  increased water consumption and a decrease fo r  de- 

creased consumption), 

(d)  seasonal (increased during unfavourable balance of water resources and 
needs ) . 

Rates per un i t  of e f f luen t  can be 
(a) uniform, 

(b) 
(c )  

with l inear  or exponential progressive increase f o r  increased pol lut ion,  
categorized according t o  the category of po l lu t e r  (agr icu l ture ,  indus- 

categorized on the  bas i s  of the water quant i ty  and qua l i ty  i n  the reci- 
try, municipal i ty) ,  

p ien t ,  c lass  I a ,  l b ,  T I ,  111, I V ,  
(d) 
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( e )  
J-egal too ls  can achieve similar s t imula t ing  fiirictions t o  those of economic 

categorized on the bas i s  of t h e  e f f l u e n t  quant i ty  and q u a l i t y .  

too ls  namely through: 
(a) o f f i c i a l  du t ies  ( f o r  u t i l i z a t i o n  permissions, discharge permits ,  rul-  

ings e t c . )  p1 
p2 

p3 
' 4  

01 

02 

O3 

O4 

(b)  sanc t ion  rates, assessments 

( c )  f i n m  (e .g .  f o r  u t i l i z a t i o n  of water i n  v i o l a t i o n  of v a l i d  regula t ions)  

(d)  recompenses e t c .  
Expenses connected with water development and management include 
( a )  management and control  cos ts  

(b)  opera t iona l  cos ts  f o r  water withdrawal, d i s t r i b u t i o n ,  p u r i f i c a t i o n ,  
waste water d isposa l  e t c .  

( c )  maintenance and reproduction cos ts  of water development pro jec ts  (de- 
prec ia t ion  cos ts  e t c . )  

(d)  investment cos ts  
The balance of re levant  b e n e f i t s  and expenses can be expressed by a simple 

equation 

S 

G 

0 - expenses 

ilk - accumulated charges f o r  products connected with the  water use 

Nk - accuniulated charges f o r  se rv ices  connected with t h e  water use 

Pk - d u t i e s ,  f i n e s ,  recomperises e t c .  ( i f  incorporated i n  economic t o o l s ) .  

- surplus  required ( i f  riecessary) 

- grants  from other  s e c t o r s  and bodies k 

k 

The economic b a s i s  f o r  water resources development and management has t o  be 
es tab l i shed  by including o r  excluding t h e  above mentioned components in  the  
equation. Hence, t h i s  inc lus ion  o r  exclusion and the  leve l  of the  relevant  
charges not  only decide on the  c rea t ion  of f i n a n c i a l  reserves ,  on a timely 
acquis i t ion  of t h e  necessary means f o r  operat ion,  maintenance, investment, ad- 
minis t ra t ive  and o ther  c o s t s ,  but a l s o  on the  u t i l i z a t i o n  of water resources i n  
a s o c i a l l y  d e s i r a b l e  manner, on the coordinat ion of the  development r a t e ,  and, 
l a s t  but  n o t  least, on t h e  development of l i v i n g  s tandards.  

Bearing t h i s  i n  mirid, water rates should be determined on the b a s i s  of the 
f o l  lowi.ng f a c t o r s  : 

( a )  reimbursement of expetises f o r :  
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- operat ion,  
- reproduction and modernization, 
- adminis t ra t ion,  
- investment f o r  fur ther  development, 

TAEU 5.4 

Factor Basic a i m  i n  
water supply waste water disposal 

Reimbursement o r  p a r t i a l  
reimbursement of emenses for :  

1. Financial  a )  management and control  a )  maiiqyment and control 
b )  operation and maintenance b) operation and maintenance balance 

of water supply networks 
and f a c i l i t i e s  systems 

of sewerage 

c ) t h e i r  modernization c )  t he i r  modernization 
d) new water supply projects  d) new waste water disposal 

proiects  

2 .  Factors of a )  seasonal l imitat ions of a )  r e s t r i c t i o n  of environ- 

b)  seasonal and dai ly  con- 
t i m e  a v a i l a b i l i t y  mental pol lut ion 

b)  seasonal and da i ly  limita- 
t ion  of requirements 

c )  long term l imi ta t ion  of 

t r o l  of waste water dis-  
posal 

pol lut ion due to r e s o u r  
c )  l imi ta t ion  of l a s t ing  

water needs due t o  limited 
resources ces poten t ia l  

3. Factors of a )  l imi ta t ion  of ac tua l  water a )  l imi ta t ion  of concentra- 
consuqt io?  and consumption t ion  of toxic  and other  
concentration substances i n  waste 

waters 

ecosys term 
b) l imi ta t ion  of water consum- b)  r e s t r i c t i o n  of change in  

pt ion i n  the long term 

decrease i n  water requi re -  

sphere 

4 .  Factors of a )  decrease i n  water pollu- 

b) mater ia l  recovery 
qua l i ty  ments i n  the production t ion 

5. Policy Effec t  of water and waste water disposal  pr ic ing on 
general ecoiponiic development and on the l iv ing  s tan- 
dard of population, especial ly  on l w i n c c m e  groups. 
Effect  of pbnal t ies  and subsidies  on water use from 
enviropiental ly ,  regional ly  and soc ia l ly  des i rab le  
viewpoint. 

Categorization of the  bas ic  fac tors  of water and waste water disposal pr ic ing 
pol icy.  

(b) 
(c )  l imi ta t ion  of water consumption, 

pass iv i ty  of the  balance of water resources and needs, 
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(d) 
(e )  overall  development goals 
The influence of economic tools on water withdrawals Id,  water consumption C 

and water pollution N (BOD .nid3) can be expressed by a simplified equation 5.1 
i n  t h i s  way 

W 5 C 9 N = fl-3(%)- 

r e s t r i c t ion  of water resources pollution, 

5 

(m3. s-l, BOD5. (5.6) 

An increase i n  water ra tes  r e su l t s  i n  a decrease i n  water withdrawals, in  a 
decrease i n  e f f luent  quantity and i n  a decrease i n  water consmption. 

An exponential increase i n  r a t e s  fo r  water pollution r e su l t s  in  a d ra s t i c  
decrease i n  water pollution 

The a t t r i b u t e s  of efficiency a r e  associated with competitive prices.  There- 
fore ,  the ra tes  should be varied with the required changes i n  denland, consump- 
t ion ,  water pollution and cost  conditions. Water consmption can be influenced, 
i . e .  decreased, by the introduction of special  r a t e s  or by associating water 
r a t e s  with the value of the water consumption r a t i o  

'MC> '?Ic> 0 c1 < c2 < c3 (5.9) 

Applying the forces of supply and demand, water withdrawals W can be expre- 
ssed, according to  Hanlce and Davis (1971), a s  a reversed and exponential func- 
t ion  of pr ice  

(5.10) 

M - uni t  r a t e  
e 
K 

- price e l a s t i c i cy  or water withdrawals 
- constant, expressing the  combined e f f ec t  of other tools 

K = f ( l , i , t , e , p ) ,  and can be simply derived f r m  indispensable water require- 
ments Ri 

K = k; . Ri (see paragraph 3.2) (5.11) 
1 
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I f  price is t o  be changed from 'M to  2FI, the expected water withdrawal W2 
can be estimated by taking the log transform 

 LO^ w1 = Log K - e l ~ g  'M 

Log W2 = Lcg K - e log M 2 (5.12) 

as well as by subtracting and rearranging t o  find the water withdrawal W2 from 
the known values of the other variables: 

2 ~ o g  w2 = e . (log 'M - log M) + log w1 

In  the water resources u t i l i za t ion  secr-or of the econony prices a re  generally 
not determined by objective factors of supply and demand, but s e t  by the pricing 
policies of u t i l i t y  mnagers. They r a i n  constant from the season of peak 
ava i lab i l i ty  t o  the  season of peak demand. Available resources a re  used in- 
e f f ic ien t ly  and inequities a re  imposed on the u t i l i t y ' s  consumers. 

The season of peak water demands frequently occurs i n  the period of low 
water ava i lab i l i ty .  Water withdrawals i n  the season of peak water dernand or  i n  
the period of low water ava i lab i l i ty  a re  economically d i f fe ren t  fran those i n  
other periods: This 
be provided i f  requirements exceed the original capacity. By not varying water 
ra tes  t o  r e f l ec t  these cost differences, investments a re  larger than econani- 
cally ju s t i f i ed .  

water is high-cost water, because additional capacity must 

The e l a s t i c i t y  of water requirements and the i r  sens i t iv i ty  to  changes i n  
water r a t e s  w r y  according t o  the d i f fe ren t  categories of water users. But i n  
any case the seasonal regulation of water ra tes  decreases the difference bet- 
ween the maximurn and ninimurn values of t o t a l  withdrawais 

(5.14) 

provided tha t  Nf and W correspond t o  seasonal and constant prices respectively 
which reimburse the same to t a l  amount. 

The application of seasonal water r a t e s  fo r  a hypothetical u t i l i t y  can be 
i l l u s t r a t ed  by two curves: 

m - curve representing off-peak water requirements (fcr the period of an min e f fec t ive  balance of ua te r  resources arid needs) 

m - curve representing peak water requirements ( for  the period of a passive 
balance of water resources and needs) (Fig. 5.5). may. 

The constent average cost  pricing l i ne  is horizontal and implies that capa- 
c i ty  stands a t  some constant r a t i o  t o  peak water requirements. The average 
variable costs a r e  assumed t o  be constant and equal to  marginal costs.  The in- 
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Fig. 5.5. The e f fec t  of an increase i n  water prices i n  the season of increased 
water requirements and drop i n  water ava i l ab i l i t y  and its off-seasonal de- 
crease, safeguarding the same p ro f i t  but increased efficiency i n  water use 
according t o  Hanke and Davis (1971). 

cremental costs of expansion a re  depicted by a proxy, average variable costs 
plus recorded capacity costs distributed over s i x  months. 

Constant average prices resu l t  i n  inefficiencies during the period of peak 
water requirements, demanding the needlessly excessive capacity W 
water i n  the period of excess ava i lab i l i ty  is  needlessly limited, leading to  
withdrawals Wm. 

quiranents W during the period of lack of water. Water use i n  the off-peak 
season should be allowed un t i l  the relevant incremental costs a re  equated t o  
incremental value. By allowing th i s  expansion i n  off-peak use there would be an 
efficiency gain, represented by the t r iangle  123 (Fig. 5.5). I n  the case of 
m x i m  withdrawals during constant prices W the loss generated by the need- 
lessly excessive capacity pricing ru le  is postulated fo r  future years, s ign i f i -  
cant reductions i n  water requirements can be expected, result ing i n  investment 
savings. 

water ava i lab i l i ty  and safeguard a dynamic water development 

cost of resources used o r  saved by consumer decisions, 

t i a l  contribution t o  capacity costs,  i f  the capacity of the available resources 
i s  not adequately u t i l i zed  ( i . e .  i n  the period of a highly ac t ive  balance of 
water resources and needs), 

the period of an equilibrium of water resources and needs, o r  i f  re- 
quirements exceed capacity a t  the relevant price,  the price should r e f l ec t  both 

The use of 
P' 

Seasonal prices produce higher off-peak requirements l d i  and lower water re- 
+ 
P 

P'  

To relieve the problem of peak requirements occurring i n  the period of low 

(a) the water r a t e s  should re fer  to  the actual cost structure and actual 

(b) the water r a t e s  should r e f l ec t  operating costs with no, o r  only a par- 

(c) 
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operation and capacity cos ts  and should be adjusted upward t o  r e s t r a i n  water 
withdrawals to  the capacity leve l ,  and seasonal r a t e s  should be determined to  
r e s t r i c t  the f luctuat ion of water withdrawals during peak and off-peak periods 
of demand. 

A s imi la r  policy should be accepted to decrease water pol lut ion by industry. 

5.5 NON-CONVENTIONAL TECFNIQI JES OF WATER IJSAGE 
The programne i n  keeping with the f ina l  phase of water development, when a l l  

surface and groundwater resources a r e  fu l lv  u t i l i zed  i n  the conventional way, 
includes 
- the general extension of watersaving  technologies, including non-convention- 
a1  water u t i l i z a t i o n  and 
- 

water supply, i . e .  
using non-conventional water resources o r  non-conventional techniques of 

(a) 
water ,  

(b) 

(c )  
(d )  

long-distance water conveyance and long-distance t ransportat ion of 

conjunctive u t i l i z a t i o n  of surface and groundwater resources, 
groundwater mining and a r t i f i c i a l  recharge, 
watershed management aimed a t  modifying the quant i ty  and timing of 

water production, 

( e )  changes of t o t a l  runoff ,  namely changes of evaporation o r  evapotranspi- 
r a t ion  r a t e ,  changes of snow and i ce  melting, 

( f )  weather modification, 
(g) desa l ina t ion ,  renovation of waste water, treatment of other  l o r q u a l i t y  

water . 

5.5.1 Long-Distance Water Conveyance and Long-Distance Transportation of Water 

The problem of the long-distance conveyance and t ransportat ion of water is 
bas ica l ly  economic. During the conventional water supply the costs  f o r  water 
withdrawals and treatment preva i l :  

Mw + Mt << Mc . L 

3 3 

3 3 
fil - spec i f i c  cos t  fo r  withdrawal of 1 m of water ($ per  m ) 

Mt - spec i f i c  cos t  fo r  treatment of 1 rn ($ per  m ) 

3 -4 PIc - spec i f i c  conveyance cost  f o r  t ransport  of 1 m of water ($.m 

W 

of water 

) 

The t o t a l  spec i f i c  cos t  Mo is ,  therefore ,  

Mo = M w + M  + M  . L  t c  ($ per m3) (5.16) 
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and Mo = ( r t c  + 1) . Vc . I, (5.17) 

Mw + M t  r =  tc  Mc . L 

L - conveyance dis tance (lenEth of the  headrace o r  p ipe l ine)  ( m )  

rtc- r a t i o  of water supply and t ranspor t  cos ts  

Water losses  during water conveyance depend f irst  on the constriiction of the 
conveyance s t r u c t u r e s  and second on t h e i r  length. Leaving the losses  which occur 
during water  withdrawal and treatment a s i d e ,  the water quant i ty  supplied can be 
simply expressed on the bas i s  of the  quant i ty  withdrawn a s  

D = ( l - c w . L ) . W  (5.18) 

D - water de l ivery  - quant i ty  of water supplied (m .s ) 

- water withdrawal (m . ) 

3 -1 

3 s-l 

-1 c - coef f ic ien t  of s p e c i f i c  water conveyance losses  ( m  ) 
W 

The t o t a l  expenses of water supply can be s i m i l a r l y  derived as 

D . Mo = W . (Mw + Mt) + D . Mc . J2 

( 1  - cw . T,) . Mo = ", + Mt + (1 - cw . L) . Mc . L 

(1 - Cw . L) . (Mo - Mc . L) = Mw + M t  

This equation can be s impl i f ied  t o  

($ per  m3) (5.19) 

Comparing tvo water  conveyance pro jec ts  of the same capaci ty  (Mcl Mc2 , 
cwl 
i n  both cases:  

cw2), a l imi the  d is tance  e x i s t s  which has  t h e  same t o t a l  conveyance cos t  

(1 - Cw1 . Lm) . W1 = 

w1 . Mcl = id2 . Mc2 

(1 - cw2 . Jdm) . W2 ( see  eq. 5.18) 

Mcl - Mc2 
L, = - 

cw2 * Mcl G1 * Mc2 
(m) (5.20) 

L - marginal t ranspor t  d i s tance ,  requir ing the same cos ts  i n  both a l t e r n a t i v e s ,  m .  1.e. one alternative is m r e  f e a s i b l e  f o r  longer conveyance dis tances  and 
the  o t h e r  (with hi.Rher conveyance losses)  f o r  s h o r t e r  ones. 
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The above equation is  va l id  only fo r  comparing pro jec ts  which have the  same 
costs  f o r  water withdrawal and treatment. It goes without saying tha t  t h i s  
l imit ing t ransport  dis tance depends on the  discharges diver ted,  t h e i r  qua l i t y  
and purpose of t h e i r  u t i l i z a t i o n .  

The same equation can be applied f o r  the option of t ransport ing water from 
surplus areas  t o  water-short areas  by using cistern wagons, tankers o r  tawing 
manmoth containers o r  blocks of icebergs. The r e a l i s t i c  dis tance from the source 
t o  the receiver  has t o  be in  the  order  of below 2500 h, and the maximum s i z e  
of the container approaches some 1.5 mil l ion m . 3 

5.5.2 Conjunctive Use of Surface and Groundwater Resources 
"he volume i n  groundwater resources exceeds by more than a thousand times 

the volume of f resh  water i n  a l l  water courses. Half of t h i s  amount is ava i lab le  
a t  a depth below 1000 m y  but i t s  qua l i ty  i s  not  su f f i c i en t ly  known and the  r a t e  
of i ts  na tura l  replenishment is extremely low (see Tab. 1.1). 

The over-excessive ex t rac t ion  of water from groundwater resources has the 
same character  a s  mining minerals and causes s imi la r  environmental e f f ec t s  : 
settlement of the Earth 's  surface,  ecological damages , diminution of discharges 
i n  r ive r s  and streams, d i f f i c u l t i e s  with both surface and groundwater qua l i ty  
etc. 

Pumping from deep aquifers  is energy-demanding. Owing t o  the high f luctuat ion 
of water t ab le s ,  which is due t o  changing l i f t s ,  pumps of ten  work under condi- 
t ions of low pumping eff ic iency.  The temperature of water from deep aquifers  is 
of ten higher and depends not only on the depth but  a l so  on the geological age 
of the  s t r a t a ,  - younger geological formations contain water of higher tempera- 
tu re  . 

Nevertheless, aquifers  can be successful ly  used i n  conjuction with surface 
water resources, espec ia l ly  i n  the  period of peak demands and i n  dry periods. 
Thick, i n t e r s t i t i a l  aquifers  i n  natural  dry condi t ions,  or only f i l l e d  up with 
water t o  a minor ex ten t ,  can be used a s  underground reservoirs  t o  s t o r e  large 
quant i t ies  of water of acceptable qua l i t y  fo r  the  period of peak requirements. 

A r t i f i c i a l  i n f i l t r a t i o n  can increase the  quant i ty  of water i n  groundwater 
resources by the help of i n f i l t r a t i o n  basins ,  channels and a r t i f i c i a l  channels, 
i n f i l t r a t i o n  ga l l e r i e s  and wells,  working in  the period of excess water i n  sur- 
face resources. An overpumping of these groundwater resources i n  the period of 
drought may contr ibute  considerably t o  balance water a v a i l a b i l i t y  and needs 
even i n  the period of peak demand (see  paragraph 5.5.3). 

u t i l i z a t i o n  of ava i lab le  water discharges a s  w e l l  a s  reservoirs  and compensation 
f o r  a lack of water i n  two o r  more successive dry years by groundwater fo r  
seasonal, annual and carry-over s torage.  

The conjunctive use of surface and groundwater resources means a coordinated 
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Mn2+ = Mn4++  2 e ( +  energy) 
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I degasification , aeration I (sa tu ra t i on  by free 02) 
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I N F I LTR AT I ON 
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Act iv i ty  of Fe and Mn bacteria 

Consumption of organic and 

anorganic carbon, changes in pH 
and redox potential ( + )  

Fig. 5.6. Flow char t  diagram representing the  basic  processes of the u t i l i z a t i o n  
of geological strata t o  change water qua l i ty ,  explored by Hatva and Reijonen 
(1972). 



365 

The drop of the groundwater tab le  provokes a more e f f i c i e n t  na tura l  recharge, 
a l s o  from non-ut i l ized s t r a t a  which do not normally contr ibute  t o  the  ground- 
water reserve of the aqui fe r  i n  question. The volume of water extracted from 
groundwater resources i n  a dry year may, under favourable geomorphological and 
topographical condi t ions,  even exceed the average annual recharge, provided the 
surface reservoirs  safeguard the  recharge during wet years. 

The conjunctive use of surface and groundwater resources a l so  forms condi- 
t ions fo r  water s torage i n  locations where construct ion of a surface reservoir  
is not feas ib le ,  o f fe r ing  poss ib i l i t i e s  fo r  economizing on the  s i z e  of reser- 
voirs  and t h e i r  use fo r  carry-over s torage.  It r e s t r i c t s  the  space requirements 
for  water development pro jec ts ,  thus enabling be t t e r  u t i l i z a t i o n  of the land 
surface.  

I n  th i s  way the ava i l ab i l i t y  f o r  operat ional  runoff regulaLion is u t i l i zed  
i n  an integrated and environmentally feas ib le  manner, r e s t r i c t i n g  the  ev,ipora- 
t i on  losses and a l so  improving the  water qual i ty:  a r t i f i c i a l  recharge of fe rs  
favourable conditions fo r  water treatment (Fig. 5 .6) .  

Amox the  o ther  advantages of t h e  conjunctive use of surface and groundwater 
resources, the cms t ruc t ion  i n  s tages  should be mentioned: t h i s  enables the 
step-by-step connection of t he  new resources t o  the ex is t ing  system of mass 
water siipply f o r  population, industry and agr icu l ture .  The conjunctive use of 
slirface and groundwater resources economizes on the construct ion of the d i s t r i -  
bution and drainage network f o r  i r r iga t ion :  the groundwater tab le  can be regu- 
la ted  by means of re levant  recharge and supply wel ls ,  arld the l in ing  of d i s t r i -  
bution canals can be r e s t r i c t e d ,  because the percolat ion losses  recharge the 
groundwater reserve.  A more f l ex ib l e  i r r i g a t i o n  regime f a c i l i t a t e s  t he i r  
operat ion,  making i t  possible  t o  punp outs ide the  period of peak energv demand. 

The nuin obstacles  to a des i rab le  development of the conjunctive use of s u r  
face and groundwater resources include: 

(a)  
(b) 
( c )  

gaps i n  the invest igat ion of deep aqui fe rs ,  
technical problems of w a t e r l o a i n g  and clogging during i n f i l t r a t i o n ,  
higher operational costs  due t o  higher consumption of energy during 

in s t i t u t iona l  gaps and d ivers i ty  i n  invest igat ion of surface water and 

the  lack of c o m n  understanding between the relevant  surface and 

ex t rac t ion  of groundwater from deep aqui fe rs ,  
(d) 

groundwater (see paragraph 3.1) , 
( e )  

groundwater spec ia l i s t s  as w e l l  as  t r ad i t i on .  
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5 . 5 . 3  Groundwater Mining and Ar t i f i c i a l  Recharge 
Under special  economic and environmental conditions groundwater can be 

extracted as an exhaustible recource of fixed supply on a mining-yield basis. 
Mining yield is a t o t a l  volume of non-renewable water i n  an aquifer, analogous 
to  a mineral deposit (see paragraph 3 . 2 ) .  Five types of overdraft have to be 
recognized according t o  Snyder (1955) : 

m n t  i n  tha t  withdrawals cause a lowering of the water table i n  areas of 
natural recharge and discharge. This permits f u l l  u t i l i za t ion  of the i n t e r  
action between the components of the hydrologic cycle. 

(a) Developmnt overdraft, a necessary f i r s t  stage i n  groundwater develop- 

(b,c) Se2SOMl (annual) or  cyclical (periodic) overdraft, both characterized 
by a zero net  change i n  water levels over a specified interval of time. Seasonal 
overdraft occurs when water levels a t  the beginning of the pumping season re- 
main the same from year t o  year, but a r e  i n  a continual s t a t e  of decline during 
pmpirg seasons. Cyclical overdraft ex is t s  when 
o r  m r e  seasons, but eventually return to  the i r  
overdraft a r e  re la t ive ly  unimportant and depend 
annual demand for  water. 

Longrun overdraft is perennial pumping 
ment, which m y  lead, ultimately, t o  depletion. 

(d) 

water levels decline over two 
original level.  These types of 
a great deal on the seasonal o r  

i n  excess of natural. replenish- 

(e) Cr i t i ca l  overdraft occurs when pumping leads t o  some undesirable 
physical result ,  restoration from which is  technologically or  economically 
impossible. 

I f  environmental res t r ic t ions  (see paragraph 5.5.2) a re  not taken into 
account then long-run overdraft is  profitable as long as annual ne t  revenue 
from water mining exceeds the capitalized annual loss i n  value of recharge. 
Assuming tha t  natural replenishment is constant and independent of the stage of 
storage development, Domenico and others (1968) determined the optiml-mining 
yield as 

- Mw - Gr 
" r q - T p -  - r 

Mw - net  un i t  value of water a t  the 
beginning of pumping 

k$ - marginal cos t  of pumping 

r - r a t e  of i n t e re s t  

Gr - natural  recharge (m3 

($.m3> 

GI. m-4> 

S = 7 dh - water level decline per (m. m-3) 
un i t  of storage withdrawal 

(5.21) 
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A s  a marginal cost  of pumping becomes high, o r  the  i n t e r e s t  rate becomes 
small, the mineable volme is low, which indicates  tha t  a sustained ye i ld  policy 
is des i rab le .  Equilibrium storage is achieved when the r a t e  of ex t rac t ion  is 
equal t o  natural  (or  na tura l  and a r t i f i c i a l )  replenishment. The optimal water 
use pol icy then spec i f ies  use r a t e s  below natural  recharge when s torage i s  below 
i ts  equil.irbium value, the tendency being to  move toward equilibrium storage.  

A r t i f i c i a l  recharge of groundwater m y  be d-efined as  the planned a c t i v i t y  of 
man to  augment the natural  i n f i l t r a t i o n  of prec ip i ta t ion ,  surface and o ther  
water i n to  underground f o m t i o n s  with the object ive t o  

(a) 
(b) 

reduce overdraf t  and replenish depleted aquifer ,  
s t o r e  water fo r  periods of lack of surface water o r  fo r  periods of sub- 

s t an t i a l  drop i n  water qua l i ty  of other  resources. 
(c) 

(d) 
(e )  
( f )  

stances , 
fg) 

t ransport  water t o  the loca l i t y  of use, 
maintain the  requested groundwater leve l  (equilibrium storage) ,  
prevent in t rus ion  of low qual i ty  water, 
improve the water qua l i ty  by i n f i l t r a t i o n ,  and, under special circum- 

dispose urnanted water ,  indus t r ia l  and mining wastes as  well a s  toxic 
substances . 

Methods of a r t i f i c i a l  recharge may be c l a s s i f i ed  according t o  Huisman and 
Olsthoorn (1982) i n  two groups: 

i nd i r ec t  methods (induced recharge) i n  which increased replenishment is  
obtained by locat ing the means f o r  groundwater abstract ion as  c lose a s  practic- 
ab le  t o  areas  of natural  discharge o r  e f f luents .  

su i t ab le  aqui fe rs  where it is made t o  percolate  i n to  a body of grounchater. 
Direct methods of a r t i f i c i a l  recharge a r e  t o  be pract ised mainly when: 

( a )  
t r a t ion ,  

(b)  
(c )  

( a )  

(b)  d i r e c t  methods, i n  which water from surface sources is conveyed t o  

sea l ing  of a r i v e r  bed ser ious ly  reduces the capacity of natural  i n f i l -  

the r ive r  bed is not i n  d i r ec t  contact  with the su j t ab le  aquifer ,  
the  supply area is f a r  away from a su i t ab le  locat ion of induced re- 

charge, 

by aquifer  recharge. 
The choice of the appropriate  method of d i r ec t  a r t i f i c i a l  recharge is 

governed mainly by topographic, geologic and economic conditions : 
( a )  when the aqui fe r  extends t o  the ground surface,  shallow ponds formed by 

a network of dikes and levees ,  fu r the r  di tches  and furrows,adapted to  i r regular  
t e r r a in ,  m d i f i e d  dry stream beds or re la t ive ly  f l a t  land may be flooded to  
increase the  area over which i n f i l t r a t i o n  occurs aEd extend i ts  duration, 

(d) the surface water requires  treatment o r  s torage,  which can be avoided 
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(b) when the aquifer  is s i tua t ed  a t  mdera t e  depth, it can be replenished 
through s h a f t s ,  p i t s  and basins ,  e.g.  through abandoned gravel p i t s ,  

(c )  when confined and unconfined aquifers  a r e  s i t ua t ed  a t  some depth below 
the ground surface acd are topped by a semi-pervious or  i q e r v i c u s  layer ,  they 
can be replenished through we1 Is and ga l l e r i e s .  

5.5.4 Watershed Managemea t 
Watershed management is the planned use of land t o  conserve natural  resources 

and produce renewable one5 by an appropriate fonn of land and resources use 2nd 
mn-use, by mdi f i ca t ions  to  the vegetat ive canopy and o ther  measures t o  change 
sur face  runoff in to  groundwater rvnof f . 

Vegetation ex t rac ts  water from the s o i l  and t ranspires  it in to  atmosphere, 
thus reducing the t o t a l  runoff .  Land management prac t ices  designed to  a f f ec t  the 
volume and timing of the surface and p-ounhrater runoff involve modifications 
t o  the vegetat ive canopy. 

Timber harvest ing methods which reduce evapotranspiration r a t e s  and increase 
snowmelt include block and s t r i p  cu t t ing  as  w e l l  a s  thinning. Heavy vegetation, 
phreatophytes, with a deep and extensive root  system, a l s o  ex t rac ts  water from 
deeper s t r a t a  which a r e  normally affected by evapotranspiration. Clear-cut 
watersheds y i e ld  an increase of 20%, even recharging 450 mi i n  humid areas .  A 
reduction i n  phreatophytes r e su l t s  i n  a 5 - 15% increase: the rPplacement of old 
fores t s  by young ones increases water y ie lds ,  as does the conversion of pine 
fores t s  i n t o  hardwood fores t s  too,  due t o  the grea te r  intercept ion losses  and 
the longer period of  intensive t ranspi ra t ion  of evergreens. 

The conversion of brush o r  chaparral in to  grass ,  and fores t s  in to  forbs and 
shrubs generally increases the flc#w from the watershed. But the water y ie ld  m y  

drop below the  o r ig ina l  value,  when e .g .  the grassland is lush from su f f i c i en t  
water supply and e f f i c i e n t  f e r t i l i z a t i o n .  

Water y ie lds  which a r e  obtained by vegetat ion conversion and/or removal and 
f a l l  back t o  the o r ig ina l ,  pre-treatment leve ls  with regrowth o r  as  the natural  
cover becomes re-established. The y i e ld  increment corresponds t o  the difference 
i n  water requirements off  the o r ig ina l  and converted vegetat ive canopy. The 
change a f f ec t s  t he  na tura l  ecosystems, with a possibly negative impact on wild- 
l i f e  and habi ta t .  Management a c t i v i t i e s  m y  involve problems with erosion, peak 
flows and water qua l i ty .  Water y i e ld  increases a r e  economically feas ib le  i f  
combined with o ther  fo re s t  management object ives ,  especial ly  timber production. 

Runoff phenomena a r e  the  integrated r e s u l t  of overa l l  watershed behaviour. 
The lack of understanding of the causal mechanisms l i m i t s  the degree to  which 
data obtained frcm p i l o t  s tudies  can be extrapolated f o r  complex watersheds i n  
order  t o  forecast  integrated hydrological responses on watersheds under 
d i f f e ren t  geomrphological and climatological conditions. 
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The type of vegetation can to a certain degree also a f f ec t  the amount of 
water transpired. But evapotranspiration depends m r e  on the climate: i t s  rate  
is  extremely high wherever heavy and dense vegetation, energy and rmisttre 
input occur together. 

The suppression of evaporation is ,  therefore, of key importance i n  tropical 
areas, especially in  ar id  and semi-arid areas. Measures t o  decrease the evapo- 
ration include i n  particular:  

reservoirs with minimum ra t io  of area to  storage, narrowing and straightening 
of channels e t c . )  

(a) surface-area reduction (removal of phreatophytes, groundwater storage, 

(b) reduction i n  moisture gradient (e.g. by limitation of a i r  circulation 
by windbreaks) 

reduction i n  energy input (e.g. by protecting the surface by mechanical 
covers - roofs, floating r a f t s ,  screens o r  granulated material reflecting solar 
energy) 

evaporative suppressants (layers of porous material, dust mulch, 
quickly drying cultivated surface so i l  layer, pebble and paper mlch,  chemical 
a l terat ion of the s o i l  surface e.g. by polyelectrolytes , thin impervious layers 
which form resistance i n  the evaporation process). 

t ion and evaporation are  filrns of mnomlecular thickness, e.g. the longer 
carbochain alcohol mixtures, straight-chain fat ty  alkanols incl  . hexadecanol , 
octadeconal, ethylene oxide, dosoconol, ethylated ethers e tc .  A l l  these chemi- 
cals have to be non-toxic, having no detrimental effects on m n ,  f ish,  fowl and 
wildlife.  They must form a thin continueus impervious layer, penetrable by 
raindrops and closifig again a f t e r  being broken, pervious t o  oxygen and carbon 
dioxide. 

(c) 

(d) 

One of the basic tools available for the suppression of both evapotranspira- 

It is  generally cheaper t o  use powdered monolayers for t h i s  purpose than 
liquid form such as hot solutions and emulsions. The effects of mnolayers on 
food chains i n  open lakes have been found t o  be negligible, with some beneficial 
interference with insect occurrence. The physical and chemical changes in  water 
quali ty,  such as a s l i gh t  increase i n  water temperature and dissolved oxygen, 
have been found to be minor and not adverse. Any increase in  bacteriological 
populations can be easily controlled by addition of norm1 bactericides. 

The degi-ee of the reduction i n  evaporation and evapotranspiration varies with 
the thickness of the applied film and with the kind of surface or plant. It also 
depends on the deterioration effect  of winds, which occurs on free water sur- 
faces a f t e r  winds with a speed in excess of 8 km per hour. According t o  
Haeussner (1972) reduction rates  of 8 - 14% are reported for reservoir surfaces, 
and higher rates for smaller reservoirs. Reduction rates of up to  40% and 20% 
are reported for bare so i l s  and c i t ru s  trees :-espectively. Due to  the degrada- 
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t ion,  the m a x i m  effect  on reservoir surfaces within the first day decreases 
to  a value of some 15% of the i n i t i a l  one within about ten days. 

The quantity and timing of water production from glaciers,  ice and snow can 
be achieved by a change i n  the albedo. A thin layer (1 m) of l ight  ashes, 
coal dust, foundry sand e t c .  can be used for this  purpose, r e s d t i n g  i n  a re- 
duction i n  the albedo from 0.6 to 0.1 and an increased r a t e  of melting, 
depending on the solar  energy input. Under favourable conditions the yield 
from glaciers can be doubled. According to  Meir (1964) 

3 2 in  the albedo resul ts  i n  an increment of 2.4 m of water from 1 m of glacier 
surface. 

the mentioned charge 

The disadvantages of this  practice of runoff augmentation include the 
following negative environmental effects 

(a) temporary deterioration in the scenary, which is otherwise at t ract ive 
from the recreational point of view, 

(b) water pollution by fine suspended matter, which is  nevertheless not 
important from the water use point of view. 

Depending on the balance of the hydrologic cycle, water which has been a r t i -  
f i c i a l ly  withdrawn i n  th i s  way can be recharged naturally. I f  not, the 
following practices for decreasing the r a t e  of t?e melting process and the 
a r t i f i c i a l  recharge of water in  glaciers have proven feasible: 

insulatory cover of the glacier surface, e.g. sawdust, 

weathe.- modification, i .e .  cloud seeding i n  winter. 

(a) 
(b) snow breaks, 

(c) 

5.5.5 Weather Modification 
Water from the atmosphere cap be extracted by various techniques of vapour 

condensation. -These practices concern both the lower and upper layers of the 
atmosphere. 

The moisture of the low atmosphere layers can be a r t i f i c i a l l y  condensed, the 
mtural  interception and fog drip increased and an accumulation of the result- 
ing flow achieved by various technical measures and cult ivation practices, 
such as by tree or other wood plantations i n  locations with favourable condi- 
tions for vapour condensation, by vegetative measures on and arrangement of 
the land surface, the instal la t ion of impervious sheets, the instal la t ion of 
constructions with plast ic  f ibres ,  acting as water condensers and collectors,  
by applying various chemicals and by electr ical  means. The f eas ib i l i t y  of such 
measures and arrangements depends on local conditions. Satisfactory quantities 
of Water can be gained especially i n  areas with a high a i r  
frequently i n  clouds , o r  where ground fogs are frequent - in  mountains , mri- 
time and: submuntain areas. 

humidity, being 
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Ar t i f i c i a l  Frecipitation, augmenting natural ra infa l l  within meteorological 
l i m i t s  a t  a given place and time, requires a comprehensive understanding of the 
physics of r a in fa l l  occurrence. The problem of weather mdif ica t ion  consists 
especially in: 

(a) 
(b) recognizing a su i tab le  opportunity, 
Cc) 
(d) 
(e) 
( f )  

determining the need of t h i s  treatment and i ts  jus t i f ica t ion ,  

method of delivering the required treatment, 
method of evaluating the r e su l t  of t h i s  treatment, 
unpredictable impact on long-term changes of climate, 
compensating for  economic benefits and losses in  the areas affected, 

and for possible adverse impacts on the environment. 
Rainfall and snowfall can be influenced by changes i n  the heat balance i n  

the atmosphere. Its equilibrium can be affected e.g. by cool water pumped from 
deep ses layers. 

A feasible technology for  gaining more w2ter  from showers over agricultural  
areas in  surnner and increasing snowfall o r  r a in fa l l  i n  rrountains is  offered by 
clouc. seeding. This technology consists i n  dispersing condensation nuclei - 
s i lve r  diiodide AgJ2, amnium n i t r a t e  NH4N03, compounds of urea and the i r  corn 
binations, other hygroscopic materials , e. g. f inely divided comnon s a l t  NaC1, 
by burning propane and acetone solutions of s i l ve r  diiodide or  by the e l ec t r i c  
disintegration of the various compomds whose product th i s  s i l ve r  diiodide is. 

using upward a i r  currents. The a i r  pass movement cannot be determined with the 
required accuracy, unless limited by a land surface, e.g. by a mountain 
bar r ie r .  

Cloud seeding is practised from a i r c r a f t  o r  d i rec t ly  from the ground surface, 

But uncertainty st i l l  remains, i n  the case of both cold and warm cloud 
seeding, because the r a in fa l l  mechanism is extremely complicated (Fig. 1.8) ; it 
depends on a i r  conditions including wind prof i les ,  updraft velocity, on a p o d  
supply of supercooled l iquid droplets and low concentrations of freezing nuclei, 
on the course of the coalescence growth process e tc .  

Sumner cumulus producing moderate showers and shallow winter clouds, formed 
by the muntain-produced l i f t i n g  of mist a i r ,  o f f e r  suitable seeding opportu- 
n i t i e s .  The seeding of heavy sumer  ra in  clouds and deep winter clouds can even 
decrease precipitation in  comparison with the normal ra te .  

occurrence and during dry periods i n  areas of medium precipitation. The best 
resu l t s  are still achieved i n  regions where, and during seasons when natural 
r a in fa l l  is mst likely.  

The evaluation of the resu l t s  of cloud seeding is based on probabilist ic 
methods. Due to the great variations of precipitation Over time and space, 
methods which compare the target area and control area data are  mre re l iab le  

Current techniques have l i t t l e  value in  areas with very lcw r a in fa l l  
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but not suf f ic ien t ly  f ree  of uncertainty.  
The economic e f fec ts  and losses  caused by cloud seeding bring ahout ser ious 

problems of compensation o r  reimbursment. This treatment m y  not only cause 
excessive floods o r  h a i l  events, but a l so  avalanches i n  muntajnous a reas .  It  
negatively a f f ec t s  other  areas  as well, where a subs tan t ia l  decrease i n  rain- 
f a l l  may occur. Cloud seeding which r e su l t s  i n  increased prec ip i ta t ion  over 
continental areas  with a prec ip i ta t ion  deficiency and reduces prec ip i ta t ion  
over seas  is  the only case where t h i s  discrepancy does not  appear. 

The eff ic iency of cloud seedirrg, ranging frcm 8 - 15 percent of the expected 
values fo r  annual r a i n f a l l  ( the l i m i t  of a possible  increase by improved 
appl icat ion being estimated a t  sow 30%), may under favourable conditions be of 
crucial  importance fo r  saving the harvest i n  c r i t i c a l  dry periods. 

5.5.6 Desalination and Treatment of Taw-Quzlity Waters 
Water desal inat ion and the  treatment of low-quality waters may prove to  be 

prac’ icable  solut ions to  the problem of water shortage i n  ce r t a in  r e s t r i c t ed  
areas .  Sa l in i ty  control  measures which reduce the s a l i n i t y  of surface water 
discharges include: 

(a )  point source cont ro l ,  insu la t ion  of a local ized area or removal of a 
source which cuntribl!tes an extremely s a l t  load to  the system ( insu la t ion  of 
s a l t  plugs, divers ion o r  desal inat ion of s a l t y  spr ings,  mine drainage, decreas- 
ing the tab le  of s a l t y  groundwater, beneficial  consumptive use of the s a l t y  
water within the  catchment, u t i l i z i n g  s a l i n e  re turn  flow from i r r iga t ion  e t c . )  , 

di f fuse  source control ,  i . e .  control of s a l t  concentration and disposal (b) 
spread over la rge  areas  (co l lec t ion  and consumptive use,  evaporation, desal t -  
ing, measures of watershed mnigement e t c .  ), 

of groundwater recharge , improving i r r i g a t i o n  e f f ic ienc ies  , by watershed 
management measures inc l .  phreatophyte removal e t c . ) ,  

(c)  reduction of evaporation and evapotranspiration (especial ly  i n  regions 

(d) desal inat ion of the discharge. 
Most natural  waters a r e  not su f f i c i en t ly  su i t ab le  fo r  desal inat ion,  but pre- 

treatment can su f f i c i en t ly  m d i f y  t h e i r  qua l i ty  fo r  subsequent 
- d i s t i l l a t i o n  processes, 
- membrane processes, i .e .  e lec t rodia lys i s  and reverse osmosis, 
- 
- crys ta l iza t ion ,  especial ly  freezing processes. 

chemical processes , especial ly  by ion exchange, 

Tnese techniques can be applied for the  desal inat ion of  sea water, surface 
and groundwater a s  w e l l  a s  f o r  the desal inat ion of g e o t h e m l  water resources. 
Desalting processes a r e  s t i l l  economically feas ib le  only under spec ia l  c i r cum 
stances, being used almost exclusively for drinking o r  feed water supply. The 
basic problems involved i n  desal inat ion a r e  
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( a )  high energy input requirements, 
(b) disposal of res idual  s a l t s .  
Similar problems a r e  a l so  encountered i n  techniques f o r  t r ea t ing  low qual i ty  

waters e .g .  heavily polluted waste water f o r  re-use, which a r e  essent ia l ly  con- 
cerned with the r emva l  of nitrogenous compoundF, phosphorus, heavy metals, 
o ther  dissolved inorganic compounds, as  w e l l  a s  with the inact ivat ion of patho- 
gens. 

5.6 CONCLIJSIONS 
A t  present ,  a t  the dawn of a combined popu1at:on and technological boom, it 

is indispensable not only to  declare ,  but a l so  t o  safeguard i n  a ra t iona l  and 
planned manner the r igh t  of mankind and of each individual to  l i v e  i n  suf f i -  
ciency and beauty. It is ,  therefore ,  essent ia l  t o  accept population growth and 
the associated development of heterogeneous demands as  the basic  c r i t e r ion  fo r  
making decisions concerning the a l loca t ion  of water and other  natural  resources. 

The u t i l i z a t i o n  of water and o ther  natural  resources is a precondition of 
economic g r m t h .  The dramatic pace of cur ren t  economic development, however, i s  
based on an over-ut i l izat ion of these resources. While some natural  resources 
(such as  a i r ,  water and s o i l )  a r e  renewable, they may - and increasingly do - 
become gradually de te r iora ted  a s  a r e su l t  of the secondary e f fec ts  of t he i r  
development. An over-ut i l izat ion and excessive de te r iora t ion  of natural  resour- 
ces, results i n  addi t ional  and inordinate  r e s t r i c t ions  on future  development. 
It  i s ,  therefore ,  absolutely necessary to  manage the given developmmt process 
within the framework of the biosphere, taking in to  account the nmerous 
functional re la t ionships  as  w e l l  a s  environmental cons t ra in ts ,  and t o  make 
optimum use of a l l  water and f i n i t e  natural  resources. 

The recognition of t h i s  nm responsibi l i ty  f o r  integrated development/bio- 
sphere management is a c ruc ia l  f i r s t  s t e p  t o  achieving sustainable  economic 
growth. To rove towards t h i s  pol icy,  i t  is possible  to choose optimum scenarios 
by means of m d e l  1 ing and optimization. 

The very ser ious environmental cons t ra in ts  which could a r i s e  through the 
in te rac t ion  of ag r i cu l tu ra l ,  i ndus t r i a l ,  urban and ru ra l  development on the one 
hand and the biosphere on the other  hand m y  require  such measures as :  
- 

t ion  i n  industry,  
- 
pract ices  etc.  

the revis ion of rawlwaste material use/re-use and waterlwaste water u t i l i za-  

the revis ion of land use pat terns  and forestry/agricultural/irrigation 

A new and complex in te rd isc ip l inary  theory has t o  be developed f o r  the 
approach described above, penetrat ing in to  every a c t i v i t y  of mankind. The pre- 
s en t  monograph attempts t o  f o m l a t e  a t  least pa r t  of t h i s  theory, the theory 
of water development and management, from t h i s  point  of view and so form the 
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basis for  a deeper understanding between c i v i l  engineers, economists, natural  
s c i en t i s t s  and other spec ia l i s t s  involved i n  the gradual change i n  current 
practices towards a ra t iona l  and balanced u t i l i z a t i o n  of the  biospheric system 
i n  th i s  par t icu lar  f i e l d .  




