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H TAYTOTHTA TJZN OMIAHTJZN 
(p& q aatpa m apcpavi[omat m o  npivypappa qq HpspiGaS) 



0 Avrhvqq Eav061cqq sivai G v r h p ~ o 6 ~ o q  M q ~ a v o ~ o q  M q ~ a v t ~ o q  ~ o u  King's College 
rou London University. Epyacnai o q v  EY AAn an0 ro 1975. Cilpepa eivat Avdqpwrilq 
Amhvn'lq Crpaqywo6 C~eGtaopoi, Kat l l p o y p a p p a r ~ p d .  

0 M6p1coq Mnova<o6wa~ anoqmiqoa axo ro  Tpqpa I Io l t r t~hv  M q ~ a v t ~ h v  EMlI TO 

1969. 'EkpE 6 ~ 6 a m o p i ~ o  6idmpa a& ro Technical Universitat Munich to 1973 p& 
~ 6 i ~ m q  orqv m a p t a  ~Gpopqxavtmj K a l  ) ~ ~ ~ a q o p &  <qparov, 0ht~I.qp.00~ 
p a & d a m o p t ~ &  oxouGtq oro Massachusetts Institute of Technology Kat oro Harvard 
University. Cro EMn a o ~ o k i r a t  PE @mva ota n ~ p @ d h r t u a  mofipara, aviurru<q 
p m h v  uai mptj3allovrtuhq m m h o e y  pq&v r q v u ~ h v  Bpyov. 





H 6taxsiplcnj zou vspolj EXEI C I V ~ ~ E ~ X ~ E ~  os 0kpa x p h q <  xpozspatoqza< yta n o m <  
cnjy~povs< ~o tvov iq ,  ioo< 6s ~ a z a  xohho6< zo oqpavn~ozspo yta zov 2 10 athva. 

Z q v  xpooxa8sta ava<?jqq< q< Kazaklqhq~ mpaqytmj< yta q v  op8ohoytdl 6taxsiptq 
zou vspolj kxs1 a x o ~ q o s t  t8taizspo &v6tacp&pov q xohtnnj yta TO V E ~ O  o q  x o h y  (Acadernie 
de l'eau, 1997). 0 t  hoyot xou ovqyopoljv o' aunjv q v  xpozspadqza sivat o n  ot x o h y  
sivat q p a v n ~ o i  x6hot o - u y ~ h r p o q <  xhqhopo6 K a t  Gpaoqptozilzov xou ~azavahhvouv 
vspo Kat anozsholjv xopt~k< pova6q onou propsi va ~cpappooz~i a x o z ~ h o p a n ~ &  pa 
n o h m e  yta zo vspo (Haughton and Hunter, 1994). EmnAkov 6ta06zouv q6q 6 t o t q n K i ~  Kat 
smx~tpqpan~k< 80& xou smpixouv q v  O ~ K O V O ~ I ~ ~ ~  scpappyil zspohoyia< Kat 
opyavon~hv pkzpov yta q v  6taxsiptq zou vspolj. 

Q< zhpa, q u6po6oqq  zov nbhov  a v n p z o m o z ~ i  61~0vh< pioa an6 pa povoppil 
npookyytq PE K6pto npooavazohtopo o q v  npoocpopa vspolj (Hengeveld and De Vocht, 
1982). H npookyytoq aunj 6iva kpcpaoq o q v  scaocpdihq sxap~o6< noooqza< K a t  

t~avonoqncil< xotoqza<. 'Epcpaoq E X E ~  800&i, a ~ o p q ,  on< zspohoyis< yta q v  
axozshopan~ozspq 6wvop?j zou vspolj Kat, mo xpoocpaza, yta q v  snscspyaoia K a t  6 ta8sq 
zov anophflzwv p z a  q v  wfiq ZOU V E ~ O ~ .  

Ty z e h z a i q  o p o ~  ~EKOLE&<, &&I a p c p t o ~ q q ~ ~ i  i v ~ o v a  o npooavazohtop6~ a u z o ~  q~ 
nohtnM< yta zo vspo on< n o k y  ~ a 0 h <  pa~po~povta  o6qysi os a6&{06a. nips an6 zo 
aucav6p~vo ~ 6 o z o ~  o q  pszacpopa vepo6 an6 p a ~ p t v i ~  neptoxi~ o v p &  ~pcpavil;ovzat 
ouy~poljosy o< npo< q wfiq zou vspolj yta a h h <  6paoqpt6qzs< ono< q ysopyia, q 
Ptopqxavia, q wipysta K a t  o zouptop6~. Auz6 smIRpa&t q v  a v a y q  yta 6tazopsa~o 
ouvzovlopo. 

EKTO< opo< an6 n< 6tacpop&zt~&< xpozspatoqzs< yta q ~ p q q  zou vspolj, ym~ozsps<  
aUay& on< avnhjyrsy q< ~ o t v o v i a ~  aria K a t  ozo supljzspo 0eopt~o xhaiolo ~ m p U o u v  



01 ahhaykq am& a q  Behpqq zou vepod analzodv K a l  q v  a v a < q q q  ~az6rhhqhov 
epyakiov nou Gleupdvouv nq Guvazoqzeq Gla~eiplqq zou vepod. M&plKd an6 za epyakia 
auza eivat tepohoytca: H cnjy~povq tepohoyia emzpixet q v  a x o z e k o p a n a  
napa~oho68qq,  q v  exomeia K a t  zov i k y ~ o  ZOV u ~ p o m o q p a z o v  p i a o  
auzopazo7co~qphov pezpqn~hv m o q p h o v  K a l  m a q p a z o v  ehCy~ou, q v  a~plpf i  
npoaopoioq q q  hazoupyiaq, ahha K a l  q v  unoanjplcq q q  hfiyrqq pkhnazov a.xocpaaeov 
a x e n ~ a  pe q Glaxeiplq zov u6pomaqpazov. 'Opoq zo ne6io ava<t jqqq  epyakiov auzo6 
zou ninou GEV ~5avzkiza l  a q v  zepohoyia, ahhd eival ~ E ~ O ~ ~ O V ~ K O ,  oxou q p a v n ~ 6  poho 
i ~ o u v  01 ~ o l v o v l ~ o - o l ~ o v o p l ~ i q  emanjpq K a l  01 7~ep$ahhovn~iq emonjpeq. 
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1 Abstract 

With a relatively high rainfall, the UK is often regarded as water plentihl, but the high population 
density ensures that the water availability per capita is no greater than many African countries. 
Faced with this and the possibility of rising demands placing ever more stress on the water 
environment, in the last five years demand management options have begun to be considered, for 
economic and environmental reasons, as a means of ensuring that supply and demand are kept in 
balance. The paper sets out the background to the water industry in the UK, how water is used 
currently and future demand predictions. The conditions required for demand management, 
institutional mechanisms, technical options and communication are then described with reference 
to how they have been applied to the UK situation. Finally, the barriers to greater demand 
management in the UK are discussed with possible solutions to address them. 

2 Background and structure of the British Water Industry 

2.1 Structure 

The UK water industry is largely privatised and is comprised of the following utility systems, 
serving 58.2 million people in total: 

England and Wales: 24 water companies in private ownership 
Scotland: 3 water authorities in public ownership 
Northern Ireland: 4 water divisions in public ownership 

The private water companies and the public water utilities are collectively represented by their 
trade organisation, Water UK. 

2.2 Regulation 

Privatisation of the water industry took place in 1989, moving it away from public accountability 
(although the degree of that accountability was questionable) making regulation necessary. The 24 
water companies (10 water and sewerage, 14 water only) are regulated by the Office of Water 
Services (the economic regulator) the Environment Agency (the environmental regulator) and the 
Drinking Water Inspectorate (drinking water quality). The Secretaries of State for the Environment, 
Transport and the Regions and for Wales have a wider role in developing policy and the legislative 
framework, as depicted in Figure 1. The system is different in Northern Ireland and Scotland where 
there is no significant economic regulation and the environmental regulation is provided by either 
the Scottish Environmental Protection Agency (SEPA) and government departments. 

F-.. .. 



European Union T 
UK Law 'i 

Office of Water 
Secretary of State: 

Environment, Transport & 
Services (OFWAT) Re ions Wales WATER R 

COMPANIES 

Figure 1 - the Regulation of the Water Industry 

2.3 Rainfall and water availability 

The UK is generally perceived as a wet country with an average annual rainfall of 1000mm. Recent 
flooding throughout the UK has done little to dispel the notion that water is plentiful. However, the 
UK has a high population density ( 2 2 8 h 2 )  which is compounded by a rainfall gradient from the 
dry south east of England to the wetter highlands of the west and north, from Wales to Scotland 
that runs in the opposite direction to increasing population density. The water availability of 
England and Wales is compared with selected countries in figure 2. 

c 

7000 

Figure 2 - Water availability (selected countries) 

The figure for the UK masks significant regional variations. In the river Thames catchment 
(including London) water availability is a mere 265m'/~a~ita./~ear and demand can only currently 
be met by significant indirect water re-use. 

The situation is likely to get worse in future with economic expansion in the south east due to the 
proximity of mainland Europe and climate change bringing warmer weather with declining rainfall. 
In some areas of the UK, most notably the south east, there are significant areas of water stress 
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with well documented sites of environmental impact caused by historic over licensing of water 
resources. Major investment programmes will take place to remedy over abstracted sites. 

3. Water Use 

3.1 At the point of abstraction 

Understanding water use is a pre-requisite for demand management. The Environment Agency is 
the abstraction licensing authority for England and Wales. Water abstracted (by volume) is as 
shown in Figure 3. 

Power Generation 

Figure 3 - Water abstraction (by volume) 

3.2 The Public Water Supply 

The public water supply, in total 15,058 Mllday (England and Wales), can be further broken down 
as follows: 

measured non Distribution 

hhold losses 

25% 16% 
Water taken 
unbllled 1% 

unmcasurd non / I A A Operational use 

hhold 1% 7 1% 

measured hnlold 

hnlold 
49% 

Figure 4 - Public Water Supply (by volume) 
3 



Total leakage, which includes supply pipe losses, is 22% of the total. The largest component of 
water use is the unmeasured supply to households. Payment to the water company is determined by 
the rateable value of their property (local government tax base). Currently some 17% properties 
(England and Wales) pay for water on the basis of volume. 

3.3 Household Use 

Water supplied to households can be further sub-divided into appliance usage as shown in Figure 5. 

Outside use Wash basin 
Kitchen Sink 6% 8% 

Bat h Toilet 
15% 35% 

Dishwasher 
Washing machine 4% 

12% 

Figure 5 - Household Use (by volume) 

Although outdoor use (primarily garden watering) accounts for only 3% of total household use, it is 
concentrated both in time (dry periods) and space (more common in dryer and affluent south), and 
can be responsible for increasing average daily demand by as much as 50%. 

3.4 Per capita consumption 

Current average per capita consumption in the United Kingdom is 150 1itresJheadIday. This figure 
has been relatively stable over the last few years, with only minor weather related fluctuations. This 
compares well internationally, as shown in Figure 6. 



Figure 6 - Per capita consumption, selected countries. 

4. Recent history 

Following the privatisation of the water industry in 1989 many water companies relaxed their 
efforts on leakage. Leakage for the water companies of England and Wales reached a peak in 
1994195 of 51 12 Mllday or 3 1% of distribution input (or 'water into supply'). In 1995 a significant 
drought occurred that resulted in 39% of the population being subjected to hosepipe bans. 
Particular problems were experienced in Yorkshire where the use of 700 road tankers for a three 
month period were required in order to maintain supplies. This drought, in addition to the one in 
1988-92 that brought over abstracted rivers to public attention began to focus the industry, its 
regulators and the public to the issue of balancing, supply and demand. 
The first part of the decade saw a number of influential publications make a strong case for more 
demand management, for both environmental and economic reasons. 

Government - Using Water Wisely, 1992 
Government - Water Conservation, Government Action 1995 
The Council for the Protection of Rural England - Water for Life, 1994 
The National Rivers Authority (predecessor body of the Environment Agency) - Water - 
Nature's Precious Resource, 1994 
The Office of Water Services - Paying for Growth, 1993 

Following the 1995 drought the Government published 'Water Resources and Supply: An Agenda 
for Action' which required the Environment Agency to revise its national and regional water 
resources strategies in consultation with water companies and to be h l ly  involved with water 
companies' new resource development plans. The Agency has pursued this by agreeing water 
company water resources plans. In 1996 an additional duty was placed on water companies to 
'promote the efficient use of water by its customers'. Just three weeks after being elected in May 
1997 the Labour Government produced a 10-point plan for a world class water industry, with eight 
of the points directly addressing demand management issues: 



Ofwat to set tough mandatory leakage targets. 
All water companies expected to provide free leak detection and repair service to household 
customers' supply pipes. 
Water companies to have a statutory duty to conserve water in their operations. 
Water companies to cany out with vigour, imagination and enthusiasm their duty to 
promote the efficient use of water by their customers. 
Water companies to consider the role of the Environment task Force (a youth 
unemployment initiative) in improving the efficiency of water use. 
New water regulations will include significantly tighter requirements for water efficiency. 
A Government review of the system of charging for water, including future use of rateable 
value and metering policy. 
Compensation for customers affected by drought related restrictions. 
Companies to publish locally details of their performance in reducing leakage. 
A review of the abstraction licensing system, with environmental protection. 

New water regulations were introduced in 1999 (no.3), together with new legislation on water 
metering (no.4). Household customers have the right to remain unmeasured in their existing home 
except if they are using water with sprinkler systems, or if they are in an area classed as water 
stressed. Household customers do however have a new right to have a meter fitted free of charge. 
Water companies have been given a duty to conserve water in their operations (no.3) and a new 
approach to abstraction licensing (no. 10) were included in the draft Water bill of November 2000. 
The Government succeeded in moving water demand management higher up the political agenda 
where it has remained to date. 

5. Current and forecast Water Demand and Supply 

In 1998, the water companies submitted demand forecasts to Ofwat as part of their Asset 
Management Plan 3 (AMP3) submission and to the Environment Agency as part of their Water 
Resources Plan submission. Water company predictions were generally as follows: 

Continued decline in non-household water use 
Leakage declining until 2002103 (economic level reached) and then stable 
Household water use rising at %-l% per annum (although there is little evidence to support 
such a trend from the last five years). 

Population growth is very low at 0.1% per annum. Water companies belief that household demand 
will rise is based on a declining occupancy rate and economic growth (GDP at 3% per annum). At 
present the Public Water Supply Distribution Input for England and Wales is 15,057 Mltday, the 
lowest it has been since the 1970s primarily due to reduced leakage. 

Recent work demand analysis work by Ofwat and demand forecasting by the Environment Agency 
(modelling the reduced water use of new appliances) cast doubt on the assumption that household 
demand will continue to rise. And even if such growth assumptions were correct demand 
management could reasonably be applied to produce no growth forecasts. 

6 .  Institutional mechanisms for demand management 

6.1 Government policy and legislation 

The Government began to show interest in water conservation following the drought of 1988-92 
with the publication of 'Using Water Wisely' in 1992, a consultation paper that considered the 
options for managing water demand. This was followed with 'Water Conservation; Government 
Action' in 1996, setting out Government policy following the consultation. The Government 
became involved in the drought of 1995 when doubts arose about the ability of Yorkshire Water to 
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supply their customers. The Environment Act of 1995 amended the Water Industry Act of 1991 by 
giving the water companies a new duty to promote the efficient use of water by their customers. 
Following the drought of 1995, the Government published 'Water Resources and Supply: An 
Agenda for Action' in 1996 setting out the roles and responsibilities of the organisations involved 
in an attempt to ensure that the drought responses of 1995 were not repeated. 

The Labour Government has taken a keen interest in Water Resources matters, as evidenced by the 
Ten Point Plan (see 4) and the civil servants (government employees) adopting a more 'hands on' 
approach. In addition to leakage targets, new water metering legislation has been passed and new 
water regulations introduced. In addition the review of the abstraction licensing system will allow 
the Environment Agency to assess the sustainable level of abstraction for river catchments, and 
revoke all or parts of abstraction licences without compensation where the sustainable abstraction 
level has been exceeded andlor where water is being used inefficiently. 

The Water Resources Act of 1991 places a duty on the Environment Agency to conserve, augment 
and redistribute water resources and to secure their proper use. 

The Government also has a sustainable development strategy with four objectives to be met 
simultaneously: 

social progress that recognises the needs of everyone; 
effective protection of the environment; 
prudent use of natural resources; 
maintenance of high and stable levels of economic growth and employment. 

6.2 Local Government 

Local government agencies (local authorities) are responsible for long term strategic planning in 
both urban and rural areas. Many of these agencies are beginning to incorporate water policies, in 
particular water conservation in an attempt to mitigate the effects of over abstraction or postpone 
the need for new large reservoirs. At present developments can not be refused on the grounds of 
lack of water resources alone as it is assumed that the water company, with a duty to supply will 
provide a water supply, with pumping over long distances if necessary. However, Local 
Government structure plans are developed and monitored through a process of consultation and 
"examination in public" which provide good opportunities for raising water policy issues. Many 
local government planning authorities are beginning to influence housebuilders to install water 
efficient appliances, to higher standards than those mandated by the water regulations (ref.) 
In addition most local authorities have Local Agenda 2 1 Officers whose role is to develop local 
sustainable development policies which generally include water use and conservation. 

6.3 Economic regulation 

Ofwat's duties are to ensure that: 

Water and sewerage functions are properly carried out through England and Wales 
That water companies are able (in particular, by securing reasonable returns on their capital) to 
finance the proper carrying out of these functions. 

Ofwat's role has been important in the consideration of demand management as a means of 
balancing supply and demand: 

A five-year price setting process determines the water prices that companies can charge 
customers. This is arrived at by consideration of the water companies Asset Management Plans, 



of which supply-demand balance is a component. As the best value for customers is being 
sought, the Director General of Water Services will need to be convinced that any proposed 
resource developments are less expensive than demand management approaches. 

Ofwat set leakage targets and monitor water company performance against them. This is 
published annually in 'Report on Leakage and Water Efficiency'. 

Ofwat have set out expectations that water companies should adopt metering as a method of 
charging although current policy is for companies to manage the rate of installations so as not 
to increase prices dramatically for the unmetered customers. 

6.4 Environmental regulation 

The Environment Agency ('the Agency'), as the abstraction licensing authority can rehse licence 
applications on the basis of inefficient use and will be able to revoke all or part of licences as it 
implements its Catchment Abstraction Management Strategies. The Agency also requires water 
companies to submit Water Resources Plans every five years that have to be agreed with the 
Agency. The Agency also monitors annually water company outturn data against the original plan. 
Early in 200 1 the Agency will be publishing its National and Regional Water Resources Strategies, 
which is intended to set the framework for water resources decision-making for the next twenty- 
five years. 
The Agency established a National Water Demand Management Centre in 1993 as a focus for 
expertise in water demand management matters,.with a mission statement to ensure the acceptance 
of water conservation throughout society. The Centre has been very proactive and succeeded in 
ensuring that demand management is high on the water resources agenda. 

6.5 Collaborative research 

Significant water demand management research has been undertaken over the last five years and 
much of it collaborative. The strength of collaborative research has been the organisational 'buy-in' 
which has .helped implementation. 

The Environment Agency and UK Water Industry Research (UKWIR, representing the water 
companies) have worked together on the following projects: 

Demand Forecasting methodology, 1995 
The Economics of Demand Management, 1996 
Towards an Environmentally Effective and Socially Acceptable Metering Strategy, 1998 
Evaluating the Impacts of Restrictions on Customer Demand, 1998 

The first two projects have produced agreed frameworks that have been used as the basis for water 
resources planning. Disagreements may still occur about the numbers used but not over the 
approach. 

Two important current projects as follows: 

Determining an approach to leakage target setting for the water companies of England and 
Wales, 2000-01. Government, Ofwat and the Environment Agency are hnding this project. 

Quantification of Savings, Costs and Benefits of Water Efficiency, 2000-02, hnded and 
managed by UKWIR. 



In the leakage project it is the regulators that are hnding and steering the project but the water 
industry has the opportunity to contribute via seminars. The water industry and regulatory roles are 
reversed in the water efficiency project. So while these projects are not truly collaborative, for valid 
reasons, neither are they progressing in isolation. 

7. Technical options for demand management 

7.1 Leakage control 

7.1.1 Measurement 

Unaccounted for Water (UFW) is typically calculated from the residual of the water balance, 
where: 

UFW = Water into Supply - (Household use + Non-household use + Operational use + Illegal use). 

Assuming that the meters are all accurately calibrated so that the UFW figure is correct, this will 
suffice for annual reporting purposes but will be of little use operationally. If the UFW is high, how 
does the water utility know where to go to look for the leakage? Nearly all the water companies of 
England and Wales have installed District meters to monitor leakage (see 7.1.2). 

7.1.2 Find and Fix 

From privatisation to 1994195 in most water companies leakage rose as they sought to reduce 
manpower. Despite this most companies, had by this time, sectorised their network into 'District 
Meter Areas' (DMAs). A DMA typically consists of 1000-3000 properties where the flow is 
monitored by a district meter. Logging technology allows the night flow to be recorded, when 
household use is low. This night flow, afler allowances have been made for night use (household 
and non-household) represents the leakage from that part of the network. By monitoring and 
regularly reading their DMAs a water company can direct its leakage inspectors to the DMAs with 
the highest leakage. Some water companies now have their district meters on telemetry that allows 
them to access the data on a daily basis. 

Having determined in which DMA the leakage resides the next step is to send in the leakage 
inspectors using a combination of listening sticks and leak noise correlators to locate the leak so 
that it can then be repaired. Advances in knowledge in the UK has meant that the excess leakage 
(over and above a 'background level') can be converted into a number of 'equivalent service pipe 
bursts' so the inspectors know what they are looking for. 

More effort on the monitoring and significantly more effort on locating and repairing the leaks 
have been responsible for the 35% fall in leakage over the last five years. 

Recent developments include acoustic noise loggers placed strategically on the network listening 
for the sound of a leak. A patroller unit, housed in a vehicle receives signals from the logger that 
indicates a leak exists. Large parts of the network can be covered by simply driving around the 
network. Such developments are likely to reduce the costs of leakage control making it more 
economic to operate at increasingly lower levels of leakage. 

7.1.3 Pressure management 

It has been well established that pressure reduction reduces leakage by reducing the flow of leaking ' 

water from existing cracks and holes in the pipes. There is now also mounting evidence that it also 
reduces burst frequency so pressure management schemes can significantly reduce leakage levels. 
The use of flow modulated valves, which vary outlet pressure to ensure that service standards are 

9 



maintained allow greater reduction at night when system pressures are typically higher. Many 
water companies have significant pressure management programmes that typically have payback 
periods (operational costs only) of less than three years. 

7.1.4 Mains replacement 

The longer-term solution to leakage is clearly mains replacement, however it is very expensive. 
The water companies are renewing their networks at the rate of 1.5% /year. Options open to the 
water companies are as follows: 

Selective mains replacement - for mains with high burst rates 
Where mains need to be refurbished to meet the requirements of the EU Drinking Water 
Directive, some companies are providing structural replacement rather than non-structural re- 
lining. 

7.2 Metering 

Currently 17% of households in England and Wales are metered with the householder paying by 
volume. (Scotland and Northern Ireland have hardly any metered households). Compulsory 
metering of households is prohibited (except in certain circumstances), but metering is allowed 
under the following circumstances: 

Free option scheme - water companies must provide a free meter to any customer that wants 
one. The customer has a 'right to revert' up to one year after the installation. 
New homes - metering is the normal charging method. 
Households that use water for 'non-essential' purposes, e.g garden sprinkler 
Water stressed areas - a water company can appeal to the Secretary of State for designation, if 
granted the company can then meter all households compulsorily. 
At change of occupancy (since customers only have a right to remain unmeasured in their 
present home). 

The difference in metered households across the water companies is largely due to the varying 
degree with which the above policies are pursued. 

Data in the public domain are limited that demonstrate the effect on demand of moving from 
unmeasured to measured charging. The National Metering Trials ( 1  988-92) concluded that the 
introduction of a volumetric charge reduced average demand by 10% and peaks by 30%. In the 
recent price setting process Ofwat assumed a 5% reduction in demand by meter optants (those 
electing to be metered, rather than it being imposed). Very little is known about the price 
elasticities of different tariffs (e.g. rising block, seasonal). Although there was some 
experimentation in the National Metering Trials the results were inconclusive. 

7.3 Water Regulations 

Limiting the water use of new appliances can make significant contributions to demand 
management in the longer term as people change their appliances. This has been successfbl in the 
USA where the 1992 Energy Act set maximum use standards for toilets (6 litres), taps and showers 
(both 9-litreslminute maximum flow). Due the UK not having a history of water-wasting fixtures 
the new Water Supply (Water Fittings) Regulations of 1999 will not have such a dramatic effect. 
The new Regulations are shown in Table 1, and compared to the previous water byelaws. The 
Water Regulations are the responsibility of Government. 



Appliance I Water Byelaws, pre 1999 1 New Water Regulations 1 

ll~lothes washers 11 80 litreslcycle 11 20 litreslcycle 11 
7.5 litre single flush 

IlDish washers 
I I 

17 litreslplace setting 14.5 litreslplace setting 

J 

6 litre and re-introduction of dual flush 

Table 1. Appliances and Water Regulations 

Only with toilets has significant progress been made, by reducing the single flush volume and 
allowing the re-introduction of dual flush toilets. Whilst the water use of clothes washers and 
dishwashers has declined pressure to harmonise with the rest of Europe has resulted in adopting a 
standard which very few machines would fail. Power showers that deliver flowrates of 40-50 
litreslminute can be purchased in the UK and are growing in popularity. No regulation exists 
because of the perceived problems of enforcement. 
There is a growing expectation that environmentally aware housebuilders will equip new homes 
with far more efficient fixtures than prescribed by the regulations: hence the regulations will be 
seen to set a minimum standard only. 

7.4 Water Efficiency 

In 1996, in hrtherance of their new water efficiency duty, Ofwat required water companies, to 
prepare Water Efficiency Plans. On an annual basis the water companies report to Ofwat on their 
water efficiency activity and a summary is included in Ofwat's 'Report on Leakage and Water 
Efficiency', which includes Table 2. It is clear from the table that the principal activities are the 
issuing of cistern devices (which reduce the toilet flush by displacing a volume of water) and self- 
audit packs (which enable the householder to better understand their water use and the scope for 
savings). Both of these activities are low cost in that they can be mailed out to the customer. Little 
is known however, about their effectiveness in saving water. At present lack of data on water 
efficiency options results in water companies not seriously considering such options in their water 
resources planning. A series of demonstration projects need to take place with robust assessments 
of costs and water saved such that such options can then be chosen with confidence in water 
resources planning. This is beginning to happen albeit slowly. Concern remains that water 
companies are motivated by carrying out the minimum level of activity that will satisfy Ofwat 
rather than a genuine desire to save water. Gathering robust data and making them widely available 
remains a considerable challenge for the water industry. 



Supply pipe repairs 
Total repaired 
Free 
Charged 

Total replaced 
Free 
Charged 
Cistern devices 
Number distributed 

(n/c=not collected) 

1996-97 

36500 
19128 
17372 

Installed by company 
Other devices 
Water butts issued 
Spray guns issued 
Household water audits 
Carried out by company 
Self audit packs issued 
Non-household audits 
Carried out by company 
Self audit packs issued 
Water regulations inspections 

Table 2 Water Industry progress in promoting the efficient use of water 1996-2000 

1 126 
0 

1 126 

366297 

The author believes that the following options are promising for the UK and merit further 
investigation: 

1997-98 

76240 
67199 
904 1 

d c  

16100 
0 

865 
1000 

1094 
d c  
d c  

Household water audits 
Industrial, Commercial and Institutional Water Audits 
Converting existing single flush toilets to dual flush operation 
Fitting controllers to urinals (or waterless retrofit) 
Appliance exchange programmes (clothes and dish washers) 
Rainwater harvesting for new properties 

9366 
3248 
61 18 

277071 5 

8 Public Awareness Programmes1 Communication 

1998-99 

77024 
67707 
93 17 

d c  

36034 
12000 

12467 
125 1860 

5479 
d c  
d c  

Even with the best technological solutions possible it is generally recognised that for success in 
managing water demand it is vital to obtain the support of the general public. This is difficult for 
water utilities in the UK that have traditionally not had a close relationship with their customers. 
Privatisation of the industry has made the public suspicious of water company motives and less 
accepting of their failings. 

1 1643 
5393 
6250 

141 9987 

In 1996 one water company stated: 

1999-00 

73586 
62693 
10893 

d c  

79038 
5600 

14120 
2009486 

10276 
d c  
d c  

We are keen to encourage the voluntary adoption by customers of more eficient washing 
machines, lowflush WC's and other water saving devices. But a more pro-active approach, as is 
adopted in parts of America, is probably too intrusive for our customers. 

Total 

226850 
197599 
29251 

12766 
631 1 
6455 

14 17388 

33775 
14952 
18823 

5608090 
4743 

98122 
6 123 

1 1739 
155 1809 

8764 
28463 
1767 1 

229294 
23723 

39191 
4814155 

25613 



However, slowly it appears that the culture is changing as indicated by a more recent 
pronouncement: 

Customers are asking us to help them to save water, and this is a challenge for us, the water 
industry is not used to dealing with people S behavioural changes. 

The water companies are issuing public summaries of their water efficiency plans and 
communicating the importance of saving water with billing information. In addition many carry out 
the following activities: 

Mobile visitor centres 
Water saving plays in schools 
High profile sales of rainwater butts 
Developing curricula material for schools 
Self audit packs for households 
Gardening leaflets 
Web based information 

The challenge is to move water conservation away from being a drought response mechanism to 
one that is geared towards the longer term. It is not easy to convey a message of 'saving water' 
when the country is suffering severe flooding (as it did in November 2000). 

Communication strategies are not the sole preserve of water companies. The Government's 'Are 
You Doing Your Bit?' campaign using high profile celebrities through all media channels has 
included the issue of water use. The Non Governmental Organisations such as RSPB and CPRE 
also communicate the need to conserve water for the sake of the environment. The Environment 
Agency has its own water conservation communication strategy that consists of the following 
components: 

Agriculture 
White Goods staff 
Environment Agency staff toolkit 
Formal Education 
Industry, Commerce and Institutions 
General Awareness 

Each component includes detailed objectives, the campaign method and an assessment of the 
resources required. The Environment Agency has recently consulted on its national and regional 
water resources strategies, but in truth this consultation has been fairly limited; in hture more 
concentrated effort ensuring wider consultation is required. 

9 Privatisation - a help or a hindrance to demand management? 

England and Wales is unique in that the water utilities and their assets all passed into private 
ownership in 1989. This could not proceed without the creation of regulators to ensure that the 
interests of the public and the environment are protected. At present any competition between 
water companies has been of a comparative nature, i.e. comparing leakage rates, levels of service 
etc. Further competition is currently underway whereby different suppliers will be able to use a 
shared network, known as 'common carriage'. This may result in more water efficiency if the 
supplier offers water efficiency services as a means of keeping customers, or it could mean less as 
prices are driven down in a competitive water market. 



Table 3 shows the author's opinion on how privatisation has helped and hindered attempts to better 
manage water demand. 

Helped 

Table 3 Privatisation and demand management 

Hindered 

Strong regulatory environment 
Better accountability/division of roles 
between regulator and regulated 
Transparency of information (e.g. leakage 
rates) 
Comparative competition (levels of 
service etc.) 

It is the author's contention that although the statements in the 'helped' column are a by-product of 
the privatised regime, they do not necessarily require such a regime. 

10 Barriers to progress 

The following are the barriers to progress for greater water demand management in the UK. 

Lack of regulatory incentive to manage 
demand 
Short term narrow financial thinking 
Public antagonism towards companies 
Remoteness from customers, 
geographically and politically 

Lack of household metering - the price mechanism will be important to ensure the public think 
about how they use water. Although metering penetration is increasing water companies need 
to ensure that they target high using customers where existing legislation allows this (e.g. 
garden waterers). 

Water price too low - Water currently costs around 2 ~uros/m'  for water and wastewater. At 
the last price review (1999) the price fell for the majority of companies and only marginal 
increases are predicted over the next five years. This sends entirely the wrong signal about the 
need to preserve a scarce natural resource. 

Risk - Water companies regard demand management as risky: will the option save water? is it 
sustainable? 

Culture - both within the water companies where the preference is still for the large resource 
solution and the involvement in the public over decisions about how water should be supplied 
to the local community, where there is no tradition of such involvement. 

Regulatory regime - There is uncertainty over whether demand management options will be 
allowed for in price limits. This uncertainty results in water companies choosing new resource 
options to maintain their supply-demand balance, where they are guaranteed a rate of return on 
their investment. 

Perception of UK as 'water plentiful' -There is a need to get the message across to the public 
that whilst the UK does have a high rainfall it is not abundant in freshwater supplies, due to its 
high population density. Getting this message across as well as greater flooding also being 
likely represents a challenge for water companies, regulators and NGO's alike. 

11. Suggested UK Solutions 

Water companies to continue to reduce leakage until a level that is acceptable to the public is 
reached. (This could either be an economic level where the public accept the arguments, or a 
level that is below the economic level). This will help restore confidence in the water 
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companies and the public would be more likely to be favourable of further attempts to manage 
demand. 

An accelerated metering programme by water companies exploiting all opportunities to install 
meters (e.g. at change of occupancy) or a change in legislation allowing compulsory metering. 
Metering could be allied to offers of, or rebates on the purchase of, water efficient fixtures. It is 
imperative that early consideration be given to water conservation tariffs. 

The regulatory regime, at the very least has to treat demand management and resource 
development options equally as solutions to supply-demand imbalances. This may be the case 
at present but it has not been clearly communicated. Consideration could be given to 
incentivising demand management making it more favourable than resource development. 

The UK needs to initiate and embrace a culture change towards more public involvement in the 
process. The public need to understand the need to conserve water. Such an awareness 
programme requires central and local government, water companies, regulators, NGO's all 
working together to deliver consistent messages. 

Water companies and others need to undertake and co-ordinate trials of water efficiency 
programmes and appliances, so that when water companies and the Environment Agency select 
demand management options for the supply-demand balance these selections can be made with 
confidence. 
Planning legislation is required to ensure that in areas of water scarcity the only houses that will 
be allowed to be built will be the ones that contain appliances that meet strict water efficiency 
criteria. 

The views expressed in this paper are those of the author and 
not necessarily those of the Environment Agency. 

References 

Using Water Wisely, Department of the Environment (DOE), 1992 
Water Conservation: Government Action, Department of the Environment, 1995 
Water for Life, Council for the Protection of Rural England (CPRE), 1993 
Water Nature's Precious Resource, National Rivers Authority, 1992 
Paying for Growth, Office of Water Services (Ofwat), 1993 
Water Resources and Supply: An Agenda for Action, DOE, 1996 
A Better Quality of Life: A strategy for sustainable development in the UK, Department of 
the Environment, Transport and the Regions (DETR), 1999 
Progress in Water Supply Planning, Environment Agency, 1998 
Water Supply (Water Fittings) Regulations, DETR, 1999 
Leakage and Water Efficiency Report, Ofwat, 1996-2000 
Demand Forecasting Methodology, Environment AgencyIUK Water Industry Research 
(UKWIR), 1995. 
Economics of Demand Management, Environment AgencyIUKWIR, 1996 
Towards an Environmentally Effective and Socially Acceptable Metering Strategy, 
Environment AgencyIUKWIR/Ofwat/CPRE/Royal Society Protection of Birds(RSPB), 
1998. 
Evaluating the Impact of Restrictions on Customer Demand, Environment 
AgencyIUKWIR, 1998. 
Water Industry Act: Delivering the Government's Objectives, DETR, 2000 
National Metering Trials, WRclWSAJWCA, 1993 
Privatisation - A help or a hindrance in managing demand?, Howarth D, Water Resources 
Update, the Universities Council on Water Resources, Issue No. 1 14, Winter 1999. 

15 





European Union F 
Office of Water I 































50 
Pressure 

Targel pre PRV 

Target PRV flmd 

Target PRV Wwv modulated (assumed) 

I b I I 1 1 I I I I L I 

l 0  12 14 

Time hour5 



Moving average 

Monthly daly 
average 

Years 
Sowce: Southern Water Services 

: ~ I C  10 thes washers 
.*'.A 

'="Dish washers . , *C -, 

Water Byelaw, pm 1999 New Water Regulations 

6 litre and re-introduction 
7.5 litre single flush 

of dual flush 

180 litreslcycle 120 litreslcycle 

7 litreslplace setting 4.5 litreslplace setting 

None None I 



Supply pipe repairs 
Total repaired 
Free 
Charged 

Cis te m device S 

Number distibuted 
Installed by company 

House hold water audits 
Carried out by company 

Supply pipe repairs 
Total replaced 
Free 
Charged 

Other devices 
Water butts issued 
Spray guns issued 

Non-house hold audits 
Carried out by company 
Selfaudit packs issued 
Water regulations 





H ~1poh6yqaq TOU v~pou ws piao yla ~q 61ax~iplaq ~ q s  (fl~qaqs: 
q ~ p - r r ~ ~ p i a  TWV HnA 

M. Hanemann ( f l a v ~ r r ~ a ~ r j ~ ~ o  TT)$ California, Berkeley) 



PRICING AS A TOOL FOR DEMAND MANAGEMENT: 

THE EXPERIENCE IN THE UNITED STATES 

Michael Hanemann 

Dept. Agricultural & Resource Economics 
and Goldman School of Public Policy 

University of California, Berkeley 



TOPICS 

A) Distinctive Economic Features of water 

B) Water Resources Management in the US 

C) Urban Water Use in California 

D) Variation in Urban Water Use over Time and Individuals 

E) Price and Income Elasticities of Demand 

F) Retail Pricing of Urban Water 

G) The Design of Retail Rates in Los Angeles 

H) W holesale Pricing Considerations 



DISTINCTIVE ECONOMIC FEATURES OF WATER 

Water is expensive to transport relative to its value. 

Compared to electricity, water. is cheap to store but 
expensive to transmit. 

Water supply is exceptionally capital-intensive 
compared to not only manufacturing but also other utilities. 

Annual investment in fixed assets in the US water and 
wastewater industry amounts to about 43% of gross annual 
revenues; after water, the other most capital-intensive 
industries are communications (SIC 48) and electric services 
(SIC 491), in which annual investment averages 18% and 16% 
of gross annual revenues, respectively. 

In addition, capital in the water industry is very long- 
lived -- the physical capital associated with surface water 
storage and conveyance can have an economic life of 50 or 
100 years, much longer than the economic life of capital in 
manufacturing or other utility industries. 

The consequence: 

(1) Mistakes can last for a long time. 

(2) The capital intensity strengthens the case for 
integrated water resources planning and management. 



WATER RESOURCES MANAGEMENT IN THE US 

(I) Surface water is collectively supplied. 

Groundwater is largely self-supplied by individual users. 

Reasons for this difference: 

The economics are different: 

Storage and conveyance are public goods 

Significant economies of scale for surface water; far less for 
groundwater 

Unusual capital intensity for surface water; far less for 
groundwater 

The property rights are different: 

The use of groundwater belongs to overlying land-owner 

Little government control over groundwater extraction 



(11) With surface water supply, unlike groundwater, a 
multiplicity of agencies may be involved in the supply 

In Southern California, for example: 

Los Angeles Dept Water & Power (LADWP) - city retailer 

Metropolitan Water District (MWD) - regional wholesaler 

State Water Project (SWP) - statewide wholesaler 

Los Angeles County Sanitation Dept (LACSD) - sewage 

The consequences: 

- There are many dvferent prices of water 

Price at  point of abstraction 
SWP wholesale price 
MWD wholesale price 
LADWP retail price water 
The bill that LADWP sends out also includes the 

LACSD retail sewer charge 

- No one agency controls all of them. 

- Sewage & water supply are generally uncoordinated 
with respect to planning and management. 



MAJOR WATER PROJECTS M CALIFORNIA 



(111) No government agency - federal or state - asserts 
effective economic ownership over the abstraction of surface 
water. 

This is treated as a free good; there is no scarcity charge for 
the abstraction of surface water or groundwater 

Water users pay for the plumbing - the costs of abstraction, 
storage and conveyance - but not for the resource per se. 

Consequently water prices throughout the US reflect 
plumbing costs but not the real scarcity of the resource. 

Retail prices for urban water supply tend to be higher on the 
east coast than in the west. This does not reflect relative scarcity - 
the east is humid, the west arid and water-scarce. Instead, it reflects 
the plumbing costs. The cities in the east are older and have an aging 
infrastructure with more leakage and higher costs for maintenance 
and repair. 



CHARGES FOR WATER IN CALIFORNIA ($/m3) 

Agricultural Urban 
Users Users 

Price at point of 
abstraction 0 

Wholesale price 0.004 - 0.01 6 0.081 - 0.223 

Retail Price 0.01 2 - 0.065 0.405 - 0.57 

Note: The reason why agricultural water prices are lower is not the 
federal government's subsidy of water from the Central valley project. 
This is heavily subsidized, but It represents only about 15% of the 
total agricultural use of water in California. 

The other agricultural water is still cheap because 

- these are old abstraction systems, which have long been paid off 

- agricultural water unlike urban water, involves gravity-flow rather 
than pressurized distribution 

- agricultural water, unlike urban water, requires no treatment. 

In effect, agricultural water is a different commodity than urban water, 
with lesser plumbing costs. This is the main reason for the price 
disparity. 



(IV) The water supply industry is mainly public, not investor 
owned - much more so than electricity or any other utility. 

Only about 14% of the US population is served by investor- 
owned water utilities; in California, the figure is closer to 5% 

But note that the water industry in the US was not always this 
way. Around the turn of the last century, much of the urban water 
industry in the US was private; private capital financed much of the 
expansion in water supply infrastructure in the late C19. 

However, there was a substantial conversion to public 
ownership at  the time of the Progressive Era in the early C20. 

Why did this occur? I coqjecture that it was not due to the 
capital intensity per se but rather to 

(1) the greater ease offinancing long-lived, capital intensive new 
investment through public ownership and government bonds; 

(2) the desire for greater public control over the growth of the 
network 



(V) The consequences of public ownership of the urban 
water industry: 

1) There is no formal economic regulation of water. 

In US, energy industry is mainly private (investor-owned) and 
therefore subject to economic regulation from state Public 
Utility Commissions. 

By contrast, the water industry is mainly public and has no 
economic regulation; even the investor-owned water sector 
receives only limited economic oversight. 

2) The main form of regulation over water focuses on 
public health. 

3) There is often political pressure from local government 
to avoid raising prices for local users. 



(VI) The US water industry today is like the electricity 
industry pre-1970 - complacent, fairly inefficient, and facing 
supply problems. 

Following the energy crisis of the 1970's, the federal and state 
governments created a regulatory apparatus to promote efficiency 
in energy planning and management , including improved cost 
estimation, demand forecasting, and marginal cost pricing. 

There is nothing comparable for water - even for investor- 
owned water companies. 



(VII) Public ownership and the tendency for pressure from 
local politicians to avoid increases in retail price has had 
some impact - on the East Coast, at least - on the quality 
and size of water utility staff. 

In some cases, the wages offered are uncompetitive and staff 
positions go unfilled. 

Privatization is not yet a significant issuelthreat for the US 
water industry. 

Perhaps it may become so when cities face the need to finance a 
major renovation or expansion of their water supply infrastructure. 



(VIII) The major impetus for change has come from outside 
the urban water industry. 

During 1972-1990, there was a major federal government 
program to subsidize the sewage treatment plant construction. 
A lack of dilution capacity to assimilate the discharge of treated 
sewage effluent in inland waterways triggered the federal 
government's imposition of water conservation programs in Denver 
and Phoenix in 1980's. 

The 1985 Clean Drinking Water Act is now requiring cities to 
upgrade their treatmentlfiltration of drinking water supplies, often a 
great expense (but without subsidies lies those for sewage treatment 
plant construction) 

During the 1980's the electric and gas utilities have been active 
in promoting water conservation in dish and clothes washing 
appliances. 

Drought has been something of a stimulus to change in the 
water industry, but not necessarily a lasting one (swift return to 
normalcy after the drought ends) 



SOURCES OF CHANGE IN URBAN 
WATER MANAGEMENT IN CALIFORNIA 

1980 Legislature enacts new State Plumbing Code promoting 
low-flush toilets and showers 

1987 State Water Resources Control Board (SWRCB) initiates 
review of water use and allocation in California 

1988 (Nov) SWRCB issues Staff Report 

1989 (Jan) SWRCB withdraws Staff Report. Negotiations begin 
between urban water agencies and environmental 
groups 

1990 Drought in California. 10% voluntary reduction in urban 
water use requested in Southern California 

1991 (Feb) Southern California imposes mandatory 15 % 
conservation. 

(Dec) Memorandum of Understanding (MOU) on Urban 
Water Conservation signed by 120 urban water agencies, 
environmental groups and other interested groups. Urban 
water agencies commit to Urban Best Management 
Practices (BMPs), subject to the condition that these are 
cost-effective for the individual water agency. 

California Urban Water Conservation Council (CUWCC) 
formed to monitor implementation of the BMPs and to 
supervise the eventual translation of Potential BMPs to 
BMP status. 

1992 Legislature enacts new State Plumbing Code promoting 
ultra-low-flush toilets and showers 



1992 (Aug) Mandatory conservation ended 

1996 Memorandum of Understanding on Agricultural Water 
Conservation signed 

1997 CUWCC revises urban BMPS 



T
A

B
L

E
 1

 : 
I I 

U
rb

an
 B

es
t M

an
ag

em
en

t P
ra

ct
ic

es
 (1

9
9
7
 R

ev
is

io
n)

 
B

M
P 

1 
W

at
cr

 A
ud

it 
Pr

og
ra

m
s f

or
 S

in
gl

c-
Fa

m
ily

 R
es

id
en

tia
l a

nd
 M

ul
tif

am
ily

 R
es

id
en

tia
l G

LF
to

m
cn

 
B

M
P 

2 
R

es
id

en
tia

l P
lu

m
bi

ng
 R

et
ro

fi
t 

B
M

P 
3
 

Sy
st

em
 W

at
er

 A
ud

its
, L
ea
k 

D
et

ec
tio

n 
an

d 
R

ep
ai

r 
B

M
P 

4 
M

et
er

in
g 

W
it

h 
C

om
m

od
ity

 R
at

es
 fo

r A
JJ 

N
ew

 C
on

ne
ct

io
ns

 a
nd

 R
ev

of
it 

of
 E

xi
st

in
g 

C
on

ne
ct

io
ns

 
B

M
P 

5 
La

rg
e 

L
an

ds
ap

c 
C

on
se

m
ti

on
 P

ro
gr

am
s 

an
d 

In
ce

nt
iv

es
 

B
M

P 
6 

H
ig

h-
EF

fic
ie

nc
y 

W
as

hi
ng

 M
ac

hi
ne

 R
eb

at
e 

Pr
og

ra
m

s (
N

ew
) 

B
M

P 
7 

B
M

P 
8
 

B
M

P 
9 

B
M

P 
10

 
B

M
P 

11
 

B
M

P 
12

 
B

M
P 

13
 

B
M

P 
14

 

Pu
bl

ic
 In

fo
rm

at
io

n 
~

r
o

&
n

s
 

Sc
ho

ol
 E

du
at

io
n 

Pr
og

ra
m

s 
C

on
se

rv
at

io
n 

Pr
og

ra
m

s f
or

 C
om

m
er

ci
al

, I
nd

us
tr

ia
l, 

an
d 

In
st

itu
tio

na
l b

u
n

t
s

 
W

ho
le

sa
le

 A
ge

nc
y 

A
ss

is
ta

nc
e P

ro
gr

am
s (

N
ew

) 
C

on
se

rv
at

io
n 

Pr
ic

in
g 

C
on

se
rv

at
io

n 
G

m
rd

in
at

or
 

W
at

er
 W

st
e 

Pr
oh

ib
iti

on
 

R
es

id
en

tia
l U

L
FT

 R
ep

la
ce

m
en

t P
ro

gr
am

s 



TABLE 2: POTENTIAL BEST MANAGEMENT PRACTICES 

RATE STRUCI'URES AND OTHER ECONOMIC INCENTIVES AND DISINCEN- 
TIVES TO ENCOURAGE WATER CONSERVATION. 

EFFICIENCY STANDARDS FOR WATER USING APPLIANCES AND IRRIGAnON 
DEVICES, 

REPLACEMENT O F  EXISITNG WATER USING APPLXANCES (EXCEPTTOLEZS 
AND SHOWERHEADS WHOSE REPLACEMENTS ARE INCORPORATED AS 
BEST MANAGEMENT PRACTICES) AND IRRIGATION DEVICES. 

RETROFIT O F  EXISTING CAR WASHES. 

GRAYWATER USE. 

DISTRIBUTION SYSTEM PRESSURE REGULATION. 

WATER SUPPLIER BIUNG RECORDSBROKEN DOWNBY C Z ~ ~ M E R  -S 
(E.G., RESIDENTIAL, COMMERCIAL, INDUSTRIAL). 

SWIMMING POOL AND SPA CONSERVATION INCLUDING COVERS TO REDUCE 
EVAPORATION. 

RESTRICI'IONS OR PROHIBITIONS ON DEVICES THAT USE EVAPORATION 
TO COOL EXTERIOR SPACES. 

10. POINT-OF-USE WATER HEATERS, RECIRCULATING HOT WATER SYSTEMS 
AND HOT WATER PIPE INSULATION. 

11. EFFICIENCY STANDARDS FOR NEW INDUSTRIAL AND COMMERCIAL 
PROCESSES. 



My personal assessment: 

Urban MOU has had a small but positive impact, 
mainly on smaller utilities, not on the ones since the 
MOU's were selected so that these utilities already 
were in compliance at the time of the signing. 

The Plumbing Codes have had a significant impact 

113 of all homes affected by now 
10% reduction in overall water use in these homes 

The CUWCC apparatus started as self-regulation 
because that is what the Governor wanted. 

But, still it is a good process and has promise. 

I t  needs to be bolder with BMPs targeted at 
new development. 



BACKGROUND ON WATER USE IN CALIFORNIA 

URBAN WATER USE 8.8 million AF/yr 
(10,855 Hm3) 

AGRICULTURAL WATER USE 33.8 million AF/yr 
(41,692 Hm3) 

TOTAL WATER USE 42.6 million AF/yr 
(52,546 ~ m ~ )  

Average urban water use: 210 gallons/capita/day 
795 literslcapi talday 

Average agricultural use: 3.6 AFIacre 
0.44 ha-m 

Between 1980 and 1995, urban water use rose by about 1.8 
million AF/yr, a 26% increase. 

Between 1980 and 1995, agricultural water use fell by about 1.2 
million AF/y, a 3.4% decrease. 

During the 1990-1992 drought, urban water use fell by about 
19% statewide. 



PER CAPITA URBAN WATER USE - ALL URBAN USES 

gallons liters 
per capitalper day 

UNITED STATES 188 

DENVER 228 

PHOENIX 244 

SALT LAKE CITY 240 

TUCSON 168 

CALIFORNIA 210 

SAN FRANCISCO BAY AREA 190 

SACRAMENT0 VALLEY 298 

MWD SERVICE AREA 195 

PALM SPRINGS AREA 596 



PER CAPITA WATER USE IN MWD SERVICE AREA 
(Under Normal Weather') 

WATER USE PERCENTAGE 
SECTOR (liters per capita per day) BREAKDOWN 

RESIDENTIAL - 

COMMERCIAL & 
INSTITUTIONAL 

INDUSTRIAL 42 5.6% 

PUBLIC USES 26 3.6% 

FIRE-FIGHTING, LINE 
CLEANING, OTHER 

METER ERROR & SYSTEM 
LOSSES 

TOTAL 

'Annual rainfall of 35 cm, and mean annual temperature of 18 C. 



BREAKDOWN OF WATER USE IN SINGLE-AND MULTI FAMILY 
RESIDENCES IN MWD SERVICE AREA 

WATER USE 
(liters per capita per day) 

USE CATEGORY SINGLE-FAMILY MU LTI-FAM I LY 

INDOOR: 

Toilets 114 114 
Showerslbath 102 95 
Washing clothes 79 64 
Cooking/cleaning 49 49 
Dishwashing 23 15 

Subtotal 367 337 

OUTDOOR: 

Landscape irrigation, 174 68 
gardening 
Cooling 4 
Swimming pool, car wash, 26 8 
and other outdoor uses 

Subtotal 200 80 

TOTAL 567 41 7 



TRENDS IN URBAN WATER USE IN CALIFORNIA 

- Since 1975, industrial use has fallen greatly, due to 
pollution control. 

- Commercial use has expanded greatly, but is not well 
understood 

- Outdoor use is a great source of variability in residential 
use; while indoor use is generally 70-110 gpcd, outdoor can 
range from 30 to 100 gpcd 

- Some portion of commercial use is also outdoor use. 

- Between residential, commercial and public uses, outdoor 
use could account for over 50% of total urban use in 
Southern California 

- Most existing information on residential focuses on indoor 
use, especially toilets and showers. Tends to ignore other 
appliances - clothes washing, dishwashers, bath 



FORECASTING URBAN DEMAND 

- Forecast population to be sewed 
by location, single- vs multi-family, etc 

- Forecast urban water use per capita 

Both forecast components have been problematic! 

Two approaches used for forecasting per capita use: 

- Engineering approach 
Use engineering estimates of appliance end use combined 

with estimates of reduction in use due to conservation measures 

- Econometric approach 
Using aggregate (usually cross-section) data on urban 

(sometimes residential) demand, fit demand as a function of price 
and income (or home value). 

Both approaches have some flaws. 

- Neither forecasts well calibrated in practice to data on actual 
water use, especially actual end use. 

- Engineering approach focuses on capacity of appliances not 
on the behavioral component of appliance usage 

- Econometric approach relies on cross-section, not time-series; 
aggregate, not household level, data; very limited set of variables. 

- Neither approach can account for the immense variation in 
water use over time and space, and across individuals. 



There is a large variation in per capita urban water use over 
time and over space that is not adequately explained by the 
existing literature. 

For example, per capita residential use in Los Angeles mand 
San Francisco rose by about 30% over the period 1940-1990, 
although price probably fell only slightly in real terms. 

There is also tremendous variation in urban water use between 
the United States and other countries. Price, income and climate 
explain some of these differences - but I think not all. 

It is not known whether the cross-national differences in water 
use were equally large, say, 30 or  50 years ago 



TABLE 1 1: URBAN PER CAPITA WATER USE OVER TIME 

(A) LOS ANGELES 

(B) SAN F W C I S C O  



PER CAPITA URBAN WATER USE - ALL URBAN USES 

UNITED STATES 

JAPAN 

SPAIN 

ITALY 

FRANCE 

UK 

NORWAY 

ISRAEL 

GERMANY 

gallons liters 
per capitalper day 

188 712 

1 14 431 

102 386 



Current planning in California assumes that urban water 
use has peaked and will start to decline due to the changes in 
plumbing codes, the BMPs, price increase, and other 
conservation measures. 

This may be wishful thinking 

While the average total urban water use in California is about 
210 gpcd, the incremental urban use during the 1980's was 
about 255 gpcd, causing the overall average to rise. 

There evidently have been offsetting changes in some 
components of residential use that weren't anticipated. 

While the 1990-1992 drought did significantly depress water 
use, and this effect has lingered, it is hard to see a measurable 
net reduction in urban water use attributable to conservation 
measures introduced since 1980. 

What factors account for the increased water use associated 
with new urban development? 

New development is in interior, hotter areas 

New development involves larger lots 

New development involves more appliances 

Upward creep in appliance water capacity (eg baths) 

Change in appliance usage patterns 



The variables used in the econometric models - price 
and income - do not adequately account for the observed 
changes in per capita water use. 

Changes in lifestyle, changes in housing and landscape 
style, changes in appliance design are also involved. 

These are not uncorrelated with income, but I would regard 
them as independent forces. In California, at least, 
household income per se is likely to be a poor proxy for these 
demographic and lifestyle variables that drive water use. 



HETEROGENEITY IN INDIVIDUAL BEHAVIOR 

Whenever one obtains access to individual water usre 
data, the most striking feature is an astonishing degree of 
heterogeneity in behavior at the individual level. 

Heterogeneity in behavior is a basic fact of life - for 
industrial and agricultural as well as residential water use. 

Examples: 

Water usage by single-family residential accounts in Los 
Angeles varies from 50 to 5,000 gallons/account/day 

In 1990 there was a survey of 2,000 residential water users in 
Southern California which estimated efficient outdoor 
irrigation for their yards; a similar study was conducted for 
l000 Phoenix households. These studies found both substantial 
overwatering (up to 600% of required) and substantial 
underwatering. In aggregate, overwatering predominates. 

The studies found also that most households had a totally 
inaccurate idea of how much water they were using, both in 
total and for specific end. 



4VERAGE WATER USE IN 1988 BY LADWP RESIDENTIAL ACCOUNTS 

ACCOUNT 
USAGE 
(Iiters/day) 

TOTAL 

# OF 
ACCOUNTS 

13,381 
31,041 
32,740 
39,100 
41 ,l 72 
39,832 
35,474 
30,251 
25,102 
20,422 
16,406 
13,239 
10,803 
1 5,475 
10,308 
7,341 
5,178 
3,661 
2,708 
2,098 
1,614 
2,477 
1,319 
1,296 
1,086 

403,524 

CUMULATIVE 
PERCENT OF 
ACCOUNTS 

CUMULATIVE 
PERCENT OF 
CONSUMPTION 



SINGLE FAMILY RESIDENTIAL IRRIGATION 
SUMMER (MAY OCTOBER 1990) . 

0 10 20 30 40 50 60 70 80 90 100 

Households (cumulative %) 

Fro~n:  SWC Exhibit 3b, Figure 8 



DATA ON END USES OF URBAN WATER IN THE US 

Until recently, no such data existed for water in the US - unlike 
electricity in the US or, say, water in the UK. When such data 
become available, they are eye-opening! 

1960-65 HUD study 

Monitored total indoor/outdoor water use in small clusters of 
homes (40-60 units) in about 30 different areas across the US. 
Single-family vs multi-family, volumetric pricing versus unmetered, 
various climate zones, etc. Data analyzed by Howe and Linaweaver 
(1967). 

1997 Aquacraft End Use Study for AWWA Research Foundation 

Continuous flow metering, every 12 seconds, 24 hours per day, 
for 2 weeks in summer and 2 weeks in winter combined with pattern 
recognition algorithm to identify specific water uses. Logging water 
use of 100 households each in 12 cities. Plus survey of 1,000 
households in each of these cities to obtain information on appliance 
ownership and utilization plus water utility records of aggregate 
weekly use. 

The lack of disaggregated data on urban water use in the US 
has been a barrier to progress in our understanding of 
urban water use behavior 



The amount of variation in water use among individuals 
that one observes greatly exceeds what would be expected on 
the basis of economic theory or conventional statistical 
models. 

It cannot be accounted for purely by differences in 
income, household size or climate (the price was the same 
across all the LADWP households at the time) 

It is due to (i) leakage, and (ii) basic differences in 
people's behavior. 

I am going to focus on the implications of the latter for 
urban water managers. 

The variation in behavior reflects the basic fact that 
people do things with different degrees of care, knowledge 
and attention. 

The heterogeneity in behavior is both bad and good news. 

It is bad news because it creates great difficulty for 
planners - people who otherwise seem similar to the planner 
have different patterns of behavior, which makes their 
behavior hard to predict or model. 

It is good news, because the variation in behavior means 
that it may be possible to change some people's behavior if 
the right incentives can be found. In effect, the goal is to 
move people towards the best practice frontier. 



PRICE AND INCOME ELASTICITIES 

- One must distinguish retail from wholesale demand. The 
existing literature focuses exclusively on retail demand. 

- The evidence is that industrial demand is significantly 
price elastic; but this is a small component of total use. 

- The majority of studies in the existing literature use 
aggregate cross-section data and find price elasticities of 0.25 
to 0.35 for totallresidential use, and about 0.7 to 1.0 for 
outdoor/seasonal use. 

- Studies that use aggregate time series find a very low price 
elasticity, say 0.05 

- My view is that the time series data are more relevant for 
most planning and management purposes 

- Hence, I believe that for residential water use in the 
aggregate, the price elasticity is quite low. 

- But, I also believe that there do exist areas where the price 
elasticity is high - for particular types of user and end use. 
These are masked in the aggregate data. 

- For prices to be an effective management tool, one needs to 
understand demand behavior to be able to design incentives 
that are salient and motivate people to change their 
behavior. 

- This is the market research approach to water pricing! 



RETAIL PRICING OF URBAN WATER 

- Unmetered service with non-volumetric pricing involving property 
tax payment or monthly connection fee common in the US until 
1950's. 

- Declining block pricing common until 1980's 

- Los Angeles switched to flat-rate pricing following the 1976177 
Drought. Flat-rate pricing became common by late 1980fs, early 
1990's. 

- Following the 1992 Drought, Los Angeles switched to increasing 
block rate pricing in April 1993, which I designed. The new rate 
structure survived a major political challenge from the new mayor 
in the fall of 1993 and was reaffirmed in 1995. 
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RETAIL PRICING STRATEGY 

One needs to recognize that there are multiple possible 
objectives: 

A) Raising revenue 
financial sustainability, revenue stability, 
revenue predictability 

B) Allocating costs among different uses and user groups 
social equity, political acceptability 

C) Changing behavior - conservation 

D) Promoting economic efficiency 
water allocation, investment in new supply 

These objectives tend to have conflicting implications for 
rate design 

eg 

social equity versus providing incentives for emcient use 

revenue stability vs promoting change in behavior 

DIFFERENT APPROACHES TO RATE SETTING 
EMPHASIZE DIFFERENT OBJECTIVES 



EMBEDDED COST 

The traditional approach in the utility industry - now 
largely abandoned in electricity, natural gas and 
telecommunications - is the embedded cost approach. 

There are literally dozens of embedded costs methods. 
While they differ in detail, they share a common framework: 

- they emphasize the objectives of revenue (A) and cost 
allocation (B) to the exclusion of other objectives (C, D) 

- they focus narrowly on historical average cost 

- when valuing assets for the purpose of calculating 
depreciation expenses and rates of return, they commonly 
use book value rather than market value or replacement 
cost. 



NON-EMBEDDED COST APPROACHES 

Alternative approaches to rate setting which are now 
common in many utility industries other than water supply, 
sewage and solid waste involve: 

marginal cost pricing, 

peak-load pricing, seasonal rates, 

contrac t-based pricing 

and related approaches. 

These approaches emphasize the objectives of efficiency 
and the promotion of conservation (C, D) in addition to 
revenue raising and cost allocation. 

The efficiency objective is invoked as a criterion for cost 
allocation. 

When valuing assets, these approaches use market value or 
replacement cost, 



IN SHORT, DIFFERENT OBJECTIVES HAVE 

DIFFERENT IMPLICATIONS FOR RATE DESIGN 

Embedded cost pricing looks BACKWARDS at past 
investment and ties rates to an estimate of historical average 
costs. 

Most of the alternative approaches to rate making look 
FORWARDS at future load on capacity and investment 
needs, and they tie rates to some measure of future marginal 
cost. 

THERE IS NO SINGLE OPTIMAL APPROACH 
TO RATE DESIGN 

WHAT IS BEST DEPENDS ON THE OBJECTIVES, AND 
THESE ARE LIKELY TO VARY WITH THE 
CIRCUMSTANCES 

CHANGED CIRCUMSTANCES CALL FOR A CHANGED 
APPROACH TO RATE DESIGN 



BACKWARD-LOOKING RATES MAKE FOR 
POOR INVESTMENT DECISIONS 

A backward-looking approach is satisfactory if (i) there 
is an adequate supply of water relative to foreseen demand 
and (ii) no significant investment is planned for the future. 

A forward-looking approach is required if capacity is 
running short andlor significant investment is being 
planned. 

Rates that reflect the cost of "old" water, instead of the 
costs of "new" water development, can induce suppliers to 
add capacity which their customers are not actually willing 
to pay for. 

Forward-looking rates are a check on uneconomic 
investments. 

The failure to account correctly for the value of assets, 
by using book value rather than market value and omitting 
some economic assets in embedded-cost calculations, under 
stated water supply costs by 

54% in Madison 
39% in San Diego 
58% in Denver 
60% in Honolulu 



THE USE OF ALLOCATED JOINT COSTS USUALLY DOES A 
POOR JOB OF REFLECTING THE COST RESPONSIBILITIES 
OF DIFFERENT TYPES OF DEMAND. 

PEAKING RATIOS (ratios of peak to average demand) PROVIDE 
POOR GUIDANCE FOR ALLOCATING THE COST OF 
PROVIDING PEAK CAPACITY. 

Every unit of consumption during the peak contributes to the 
peak load and deserves the same peak price treatment. 

Consumption off-peak should be irrelevant when pricing peak 
usage 

TRADITIONAL RATE MAKING METHODS DO NOT 
ACCOUNT FOR DEMAND RESPONSE 

Ignoring the potential for customer reactions to water 
rate changes can result in less than complete cost 
recovery. 



MARGINAL COST BASED PRICING 

It is possible to 
system construction 
of supply 

have both economies of scale in storage 
and an increasing overall marginal cost 

The increasing cost arises from the fact that, to supply a 
larger volume of water, the utility has to switch from a 
cheaper source of water to one that is more expensive. 

INCREASING COST NEED NOT MEAN THAT MARGINAL 
COST PRICING OVERCHARGES CUSTOMERS OR CREATES 
EXCESS REVENUE 

There could be a problem excess revenue if every unit of 
water were sold at a single price. 

But, the problem is readily avoided with multi-part or 
increasing block pricing. 

Los Angeles adopted a two-block rate structure where 
the second tier price is set equal to marginal cost, while the 
first tier price is roughly equal to average cost. The rates 
were designed to avoid excess revenue and have now been in 
use for six years. 

I will now explain the approach that was used. 



By way of background, one should note that when the 
marginal cost is very different from the average cost, MC 
pricing becomes somewhat problematical 

FOR L4DWP 

Local surface/ground water < $lOO/AF 

Owens Valley, Mono Lake $lOO/AF 

MWD imported water $250/AF 

Water market water $225 - 3251AF 

Conservation $350-475IAF 

Reclaimed sewage $600-80OlAF 

Desalination $1500!AF 

The sharp variation in marginal cost poses two questions: 

1) Which is the marginal source whose cost is to serve as a 
benchmark for price? 

2) Which uses or users are to be charged this cost? 

The answer that I proposed : 

Identify the types of water use that are most susceptible 
to change via financial incentives. 



MY RECOMMENDED APPROACH 

Distinguish conventional economic approach to rate 
setting based narrowly on economic efficiency - emphasizes 
calculation of marginal cost - with a broader approach 
based on the goal of changing behavior. This approach 
emphasizes the need to understand demand and to identify 
the types of user and end use that are likely to be responsive 
to incentives. 

To influence behavior, one needs to design incentives 

(a) that people will notice, and 

(b) that they feel they can respond to. 

Previous increasing block rate structures in California 
- involved many small price increments 

- last increment occurred well below median use 

The new LA rates involve two sharply differentiated rates, 
creating an incentive that is intended to be highly visible, 
with the switchpoint from lower to higher rate located at a 
level -- above median use-- aimed at influencing the price- 
responsive component of demand. 



Existing LADWP (non-drought) rates 
were uniform, with a 25% surcharge 
for usage in summer months. 

Criticisms: 

- not targeted at more elastic uses 

- differential too small to affect use 

KEY PRINCIPLES 

(l) TARGET PRICE 
DIFFERENTIALS WHERE THEY 
CAN MAKE A DIFFERENCE. 

(2) MAKE DIFFERENTIALS LARGE 
ENOUGH TO BE NOTICED. 





LADWP RATES 

1) Users, at margin, face MC. 

2) Seasonal differential in MC. 

3) Simple 2-block structure, with 
sharp differential and switch point 
at 400-600 g/d 

4) Don't need users to actually be in 
second block in order for the 
incentive to work. 



The upper block rate is set equal to estimate of long-run 
marginal cost, differentiated by summer and rest of year. 

The lower block rate is set approximately equal to 
current average cost. 

The differential between the two rates works out a bit 
less than 100% in winter and somewhat more than 100% in 
summer. 

The 1993 rates had a single switch point; 600 gallons 
per account per day in winter, and 750 gallons per account 
per day in summer - about 200% of the median use per 
account. 

These were somewhat higher than I had recommended 
(500 and 600 gallons/account/day). My idea was to set the 
switchpoint so that 

(A) it differentiated "reasonable" use from "more than 
reasonable" use 
(B) it differentiated indoor plus modest outdoor use (presumed 
to be less elastic) from extensive outdoor use (presumed to be 
more elastic) 

The revised rates adopted in 1995 have 15 different 
switch points according to climate (3 zones) and lot size (5 
size classes); the switchpoint for each cell was based on 

- criterion (B) above, and 

- designed to be - 125% of median use within that cell. 



TABLE 3: NORMAL YEAR WATER RATES ADOPTED BY LA CITY COUNCIL 

PRICE IN SWITCH 
LOW BLOCK POINT 

($/CCF) 

RESIDENTIAL 
Single-Family $1 .l 4 WINTER: 575 gallons/day 

SUMMER: 725 gallonsJday 

Multi-Family $1 .l 4 125% of winter use 

NON-RESIDENTIAL $1.21 125% of winter use 

PRICE IN 
HIGH BLOCK 

($/CCF) 
WINTER SUMMER 



c. 

\% 1994 BRC Recommendej Temmrtturc and Lot Size Breakmints 

Number of billin# Units Chaged at Low 
Initial Block Rate 

Summer Average 
Lot Size (SQ. ft.) Daily High Winrer Summu 

1993 Rate Design Breakpoint 

all lots all cemgcntures 22 



DESIGNING WHOLESALE RATE STRUCTURES 

The wholesale demand depends partly on the 
availability of alternative sources of supply. It can therefore 
be highly price elastic. 

This has been the experience confronting MWD 
following the 1990-1002 Drought. The demand for water 
made possible by its expensive new storage reservoir may 
have fallen drastically. 

It relies entirely on pay-as-you-go pricing with annually 
determined wholesale rates and no forward commitment by 
its wholesale customers. It does not use take-or-pay 
contracts. This poses a grave financial risk for MWD. 

Two guiding rules: 

It is essential that wholesale contracts ensure adequate 
revenues to cover the fixed costs of committed investments. 

It can pay to preserve flexibility and postpone the 
commitment of resources until the demand materializes. 
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Planning to meet Water Demand 
for the 2004 Olympic Games 

Graham Warder 
Head of Water Networks 

WS Atkins Water 

Athens : 28th November 2000 

Purpose of the Presentation 

+ Review of planning obligations 

+ Review of data requirements 

+ Consider technologies 

+ Procedures, priorities, risks 
+ Examples 



Key Steps 

Understand the Obligations and Policies 

Understand the Assets 

Measure Asset Performance 

Define Targets 

Identify Shortfalls 

Evaluate Investment 
Implement Investment 

. . . . . Continue Performance Monitoring 

Asset Management Planning : 

"An objective, auditable, defensible 
assessment of the expenditure likely to be 
required to achieve future asset performance 
defined by the policies, objectives, and 
obligations of a water supplier" 



Demand Projections for a Major City 

;\ with leakage reduction 

1 I 

I 

1600 l 

1996 2001 2006 201 1 2016 2021 

Year 



Materials, Metering. Onerating Costs 1 

Water Supply 

Water Demand 

Water Quality 

Leakage 

Bursts 

+ Poor Pressure 

+ Interruptions 

+ Discoloration 

+ Taste 

+ Animal Infestation 

Typical Business Objective : 

"To minimise capital and operating 
expenditure whilst meeting the required 
standards and enhancing customer service" 



Levels of risk 

Higher Risk IMPROVING Unacceptable for high cost items 

W ider Variances Acceptable for low cost items 

Moderate Risk 

Lower Risk 

Tighter Variances 

Acceptable for high cost items 

lsorisk Diagram 

0 0.2 0.4 0.6 0.8 1 
Consequence 



NEEDS 
STAGE 

j - 
I 

OPTIONS 
STAGE 

1 - 

Overall flow chart 
System Familiarisation 

Data Collection 

I 
Data Review 

I I 
Asset Condition Asset Performance 

Assessment Assessment 

Needs Report LA 
Scheme Development 

1 Options Report 1 

l WMd 

Links HYDRAULIC MODEL 0 
I DATA EVALUATION AND PROCESSING I 

Network Data 

Asset data 
Pipework 
Reservo i s  
Pumping Stations 
Pumps 

Topography 
Ground levels 

Customer locatlons 
Domestic 
Commercial 

- 
Time Data 

Customer 
Bllllng data 

Domestic 
Commercial 

Field test data 
Flows 
Pressures 
Reservoirs 

- 
Control Data 

Valvlng 

Swltchlng 

Scheduling 

- 
Other Data 

Local 
knowledge 

Condltlon 
assessments 

Anomaly 
resolutlon 





Scenarios 

Junctlon J-4 
Pressure varying Time (hr) 

480 a - - - - - - - - - r - - - - - - - - , - - - - - - - - . - - - - - - - - - , - . - - - - - - -  . -  D a s p  @l Q 2005 
- . . . - 3 - _. - D a s p  R Q 2005 

Exlsllnp Svslan 
Year 2005 

Sediment Transport 



Big Problem ! 

Zone Study Workshop 

+ Example 



CONTENT 

General Approach 

Overview of Study Area & System Operation 

Hydraulic Assessment 
Summary of input data 
Assessment categories 
ldentlfled Needs 

Structural Assessment 

Water Quality Assessment 

, Operational &Vulnerability Assessment 

.. Options 

Conclusion 

DISTRICT METER AREAS 



HYDRAULIC ASSESSMENT 

0 Summary of input data 

0 Assessment categories 

0 Identified needs 

HYDRAULIC ASSESSMENT 

SUMMARY OF INPUT DATA 
r 4 a A m m m I m I I m m I m  

Data Requested 1 Obtained 1 Comments 

Network Models I Prepared by WS Atkins 

Customer Billing Data To identify sensitivelkey 
Customers 

GIS Database Extracted Nov 1998 
Demand Forecasts Area Plan & WQZ 

Renovation I X I None planned for area I 
Development proposals I J 1 I 
Capital programme X None planned for area 

- 
1 l 

Leakage Data X 1 
Low Pressure database 1 J 



HYDRAULIC ASSESSMENT 

DEVELOPMENT PROPOSALS 

DEVELOPMENT 

DEMLOPMW T 

HYDRAULIC ASSESSMENT 

ASSESSMENT CATEGORIES 

High Velocity I ~ e a d  Loss 

. Low Pressure 

High Pressure 

Leakage 



HYDRAULIC ASSESSMENT 
LOW PRESSURE 

W 
- ~ 2 0 m  AcceplaMe 

--- 1 5  - 20m Borderline 

g1 5m Unacceptable 

DO2 LOCATIONS 

Note; Results for Currmt and 
Predcted models are the same 

Identifying Properties At Risk of Low Pressure 

a Generate thematic 
showing minimum 
pressure 



Identifying Properties At Risk of Low Pressure 

Generate thematic 
showing minimum 
pressure 

Identify predicted low 
pressure areas & 
properties 

Compare with 
properties reported on 
'At Risk' register 

Compare with 
customer complaints 
for low pressure 

STRUCTURAL ASSESSMENT 

SUMMARY OF INPUT DATA 
I - c r d . a I . a m m m m m m m . m m  

Data Requested 

Burst Records 

Material Type 
I 

Age of Mains 
I 

Asset Condition 
Submission to Regl. 

Obtained 

J 

J 

Other Asset Condition 
Data , Maintenance records 

Comments 

Data from JCS (all 
M3SO1) 
From GIS 

X 

X 

Not recorded on GIS 

Commercially sensitive 
at time of study 

X 

X 

None identified 

None identified 



STRUCTURAL ASSESSMENT 

BURSTS RECORDS 

JCS RECORDS If 

.- , ... . 

STRUCTURAL ASSESSMENT 

ASSESSMENT CATEGORIES 
. . . . 1 J S I I I I m I  

: Bursts 

Material 

Age ofMains 

Condition lnforma lion 

; Maintenance Records 



WATER QUALITY ASSESSMENT 

SUMMARY OF INPUT DATA 

I Data Requested 1 Obtained 1 Comments 
1 

WQ sampling results J Data from QUlS - failures 
only 

F i c t i o n  19 Undertaking X None for area 
I 

Customer Complaints 4 Data from CSMS - Taste, 
Odour, Colour 

CUSTOMER COMPLAINTS (CSMS) 

CUSTOMER COMPLAINTS 
(TASTE, ODOUR, COLOW)  



WATER QUALITY ASSESSMENT 

ASSESSMENT CATEGORIES 

Low Velocity 

Water Quality failures 

Customer complaints 

OPERATIONAL & VULNERABILITY ASSESSMENT 

SUMMARY OF INPUT DATA 
S 1 Y I m I I m I m m I  

I Data Requested 1 Obtained 1 Comments 

Operational Knowledge 

Contingency Plans 

Above Ground Asset 
Surveys 

J 

X 

Reservoir Inspection 
Reports 

Existing knowledge 
Discussions with Ops 
staff 

J Surveys carried out for 
Booster l and Booster 4 

Special Needs I Key J 
Customers 

Telemetry J To identify Telemetry 
shortfalls 

d Only obtained for 
Reservoir 2 and 
Reservoir 5 



- - .  - - - - -- - --p - - -- - - p -- - . - -. - - - . 

OPTIONS 
4 ~ r a m m m m m m m m a m m  

Hydraulic 

Structural 

Water Quality 

Operational & Vulnerability 

OPTIONS -HYDRAULIC 
PRESSURE MANAGEMENT - TECHNICAL SOLUTlOl 



OPTIONS - HYDRAULIC 
PRESSURE MANAGEMENT - ECONOMIC SOLUTlOh 

OPTIONS 

STRUCTURAL 
r : ~ d a S l S # I I U I I I I U U U U  

Needs 

Mains condition 
data 

Age of Mains 

Options 

l .  Implement programme of mains condition assessment; set 
up inspection points to monitor mains condition 

2. Carry out detailed analysis of mains condition information 
and identify worst affected mains 

3. Renovate worst affected mains 
As for Mains condition data 

I High proportion As for Mains condition data 
i of Cl mains 

data 
Maintenance 
recwds - 

Develop and implement programme of planned 



Burst Analysis 
Plot burst records 

Overlay hydraulic 
results (eg maximum 
pressure) 

OPTION S 

WATER QUALITY 

1 2. Implement programme of mains flushing in key areas 

Needs 
Low velocities 

Options 

l .  Install washouts 1 hydrants on dead end mains 

Taste, Odour, 
Colour 

l. Implement programme of WQ monitoring in affected areas 

2, Implement programme of mains flushing 



Piraeus 





Minimum Pressure Maximum Pressure 

Pressure (m) 



Before and After Repairs 
120 , 
100 

V) 
2 80 W 

/ C 

I c *  -. . P  - . .- - 
7 Total Flow B efore 

2O y- Leakage After 

3 60 0 - 

c 40 

Time 

> 

- - - - Total Flow After 
,*--. . . - W---- - - - - - - - - - - - ' Leakage Before 

\ 

PRV 

Kallipoli booster 



g . . . , .- - . . ,...... .-- 
400mm main valved in 

- - . - - . . - - . . . - . - . . . . . . . . . . . . - . .- . 

. . . p - . - . . . . . . . . - p - -  

- -  3.5 bar variation 

. 

+ Ranking 

+ Scoring system 

+ Confidence 

+ Consequence 



2004 Demand Considerations 
Base population 

Major industrial 
Small businesses 
Natural growth 
Construction activities 
Event locations 
Event timings 
Olympic Village 
Visitors 
Demand management 
Leakage 

stay or leave ? 

seasonal change ? 

some more, some less ? 

more 
more 

more 
more or less ? 

more 
more 
effectiveness ? 

less ? 

Planning to meet Water Demand 
for the 2004 Olympic Games 

Graham Warder 
WS Atkins 
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c f i T % .  

* llaipvovzaq unoyq zouq qpsptvobq puepobq abc7qq K a t  za o ~ i 6 t a  avanm57q 
q q  EYAAll yta q v  u6po6oqq  viov nspto~hv, s ~ z t p a z a ~  ozt 7 cflota 
~ a z a v a h o o ~  zo 2010 pnopsi va cpzaos~ ~ a z a  pioo opo za 5 10 hm3. 'Opoq, pc 
~azahhqhq n o h ~ z ~ ~ i l  7 KazavCrhoq sivat E(P~KTO va nsp~op~msi  ozo 
t ~ a v o n o ~ 7 z ~ ~ o  E X ~ E ~ O  zov 420 hm3. 
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International Workshop: 
WATER FOR THE CITY 

National Technical University, Athens 
28th November 20000 

Measurement of Network Losses 
Allan Lambert 

International Water Data Comparisons Ltd 
Chairman, IWA Task Force on Water Losses 

Content of Presentation 

'Top-down' and 'Bottom-up' Methods 
- water balance calculations, and night flow analysis 

Best Performance Indicators for Real Losses 
- based on recent recommendations by Intemationa 

Water Association (IWA) Task Forces 

The Importance of Pressure Management 

Leakage analysis and modelling 

- using FAVAD, BABE, URL and ILI concl 

Recent Leakage Management Success Stories 



PIS for 'Top-Down' Water Balance 
IWA Task Force on Performance Indicators (PIS) 
- IWA 'Best Practice' Manual published July 2000 

- 133 recommended PIS for Water Resources, Personnel, 
Physical, Operational, Quality of Service, Financial 

- 7 of these relate to Non-Revenue Water, Water Losses, 
Apparent Losses, Real Losses 

Different Levels of PIS for different purposes 
- Level l (basic): for general management overview 

- Level 2 (intermediate): for better 'in-depth' insight 
- Level 3 (detailed): for greatest amount of specific detail 

The best PIS for Real Losses 
Based on work of Water Losses Task Force 
- 3 years research and international discussions 

- reviewed traditional water losses PIS 

- used international data set 
27 diverse systems from 20 countries 

- recommends standard terminology 

- recommends 'basic' and 'detailed' PIS 

- published in AQUA (Dec 1999)' Blue Pages 
(in press) and IWAIDVGW Leaflet 



IWA Procedure 
Use standard international terminology 
- 'Non-Revenue Water' , not 'Unaccounted-for' 

Use standard components of Water Audit 
Calculate components of Non-Revenue 
Water, Real Losses, -Apparent Losses 
Calculate IWA recommended Performance 
Indicators 
Compare with international, national or 
within-Utility data sets for >5000 services 

%S are OK for some PIS, but ... 
Both IWA Task Forces accepted that expressing 
- NRW volume as a % of system input volume is 

acceptable as a Level 1 (basic) FINANCIAL PI 

- NRW value as a % of system annual running costs is 
acceptable as a Level 3 (detailed) FINANCIAL PI 

But both IWA Task Forces recommend that: 
- Percentages are not suitable for use as PIS for assessing 

EFFICIENCY OF OPERATION OF 
DISTRIBUTION SYSTEMS, because they are so 
strongly influenced by differences and changes in 
consumption. 



How Consumption Influences %S 

This c u ~ e d  line represents Athens Current Annual Real Losses 

..# 25 , assessed as 105 L~treslServics ConnectioniDay .-A 
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Average Consumption in LitreslServlce Connectionlday 

Recommended PIS for Operational 
Efficiency in Managing Real Losses 

IWA 'basic': litreslservice connectiodday (when 
system pressurised, to allow for intermittent supply) 
- in well-operated systems with > 20 service connections1 

km of mains, the greatest volume of real losses occurs 
on service connections 

I WA 'detailed' : Infrastructure Leakage Index (ILI) 
- the ratio of Current Annual Real Losses to Unavoidable 

Annual Real Losses (calculated from IWA formula) 

IWDC 'intermediate': litreslservice connectiodday 
per metre of pressure (wsp, >20 service connectionslkm) 



International Data Set: IWA Basic Financial 
PI: NRW as % of System Input Volume 

International Data Set: IWA Level 1 PI: 
Real Losses in LitresIService Connection/day 



Some Words of Caution for Athens 

Number of service connections is not necessarily 
the same as the number of customer meters 
- Singapore has some 850,000 customer meters, but only 

180,000 service connections 

This relationship will need to be checked for 
Athens 
- the apparent density of connections of 2 3 2 l h  mains is 

one of the highest I have ever seen! 

Is the whole of the system pressurised 100% of the 
time? 
- If not, IWA Level l PI needs to be adjusted upwards 

Why use Detailed (IWA Level 3) PIS for 
Real Losses in Athens? 

IWAs basic PI (litreslservice conn./day) doesn't allow 
for 3 key system-specific influences on Real Losses: 
- density of service connections (per km mains) 

- location of customer meter on service connection 
( relative to streetlproperty boundary) 

- average operating pressure 
So, for national a n d  international comparisons, use 
the Infrastructure Leakage Index (ILI) 
- ILI is the ratio of current annual real losses to Unavoidable 

Annual Real Losses (calculated using auditable IWA 
formula which takes these 3 key factors into account) 



The four basic 

Speed and 
Quality of Repairs 

leakage management activities 

Er I anagemnt 

U 
Potentially 

Recoverable Annual 
Volume of Real Losses 

Management . 
selection, 
instalktion, 

maintenance, 
renewal 

rephcemnt 

Active Leakage 
Control 

International Data Set: IWA Level 3 
Operational PI for Real Losses: the 
Infrastructure Leakage Index (ILI) 

Larissa 1ZLL 



Suggestion for Athens 
If the key issue in Athens is to identify sectors for 
prioritising actions to reduce real losses, and 

if all properties in Athens are metered close to the 
streetlproperty boundary, and 

if the density of connections for all Sectors exceeds 
around 50 per km of mains, then 

'Litreslservice connldavlmetre of pressure' may be 
the most useful practical PI for setting targets and 
prioritising leak reduction activities 
- it can be adapted for both 'top-down' water balance and 

' bottom-up ' night flow approaches 

Unavoidable Annual Real Losses (UARL) and 
Unavoidable Background Real Losses (UBRL) for 
customer meters close to streetlproperty boundary 

o 1 0  20 30 40 50 60 70 BO 90 100 110 120 130 I40 150 tea 170 lea iao zoo 210 zzo n o  zoo z5o 

Denslty of Service Connections (Connectionslkm of mains)  



Importance of Consistent Pressures 
with Minimal Variations 

Frequent sudden changes in pressure reduce the 
average life of pipes 

In intermittent supply situations, new burst 
frequencies may be 10 times or more what would 
be expected for continuous supply (eg Amman) 

Avoid frequent pressure changes; pump into 
reservoirs, not direct into distribution mains 

Mains Burst Frequency vs Pressure 
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WHAT IS FAVAD? 
FAVAD is the acronym for Fixed and Variable 
Area Discharge Paths, introduced by May in 1994 

velocity of flow through a hole varies with the 
square root of pressure and a discharge coefficient 

FAVAD recognises that the effective area of some 
discharge paths (leakage and consumption) also 
vary with pressure 

This concept explains the diverse nature of 
pressurelleakage rate relationships 

FAVAD is similar to concepts used in Japan 

for practical applications over limited pressure ranges, the 
'NI approximation' of the FAVAD equation can be used: 

Leakage rate L varies with Pressure P 
where N, may vary between 0.5 and 2.5 

depending on pipe materials and type of leaks 
this approach explains the wide variety of test results in 
UK, Japan, Brazil, Malaysia etc 
average N1 values for large systems are generally close to 
1.0 - a linear relationship between pressure and leakage 
N1 values for individual sectors can be predicted, or 
calculated from simple night tests where inlet pressure is 
varied and changes in inflow rates observed 



Relationships between Pressure (P) and 
Leakage Rate (L): L1/Lo = (P 1 0  /P ) 

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20 

Ratio of Pressures PIIP. 

Leakage Modelling 
:Network Analysis modelling of pipe networks has 
been used for many years 
However, until 'BABE' (1 992) no modelling 
concepts and software had been developed 
specifically for leakage management 

These concepts combine practical, technical and 
economic aspects 

They are no longer experimental, and have been 
successfully applied in many countries, including 
Greece - Chania (Crete), Thessaloniki 



WHAT IS BABE? 
BABE stands for Background and Breaks 
Estimates of components of real losses 

BABE is an overview concept of the parameters 
and processes which influence real losses 

BABE was developed during the UK National 
Leakage Control Initiative 199 1-94, using 
internationally applicable principles, to co- 
ordinate the work of 9 separate research groups 

BABE is not a particular piece of software - 
over 100 software programs use BABE concepts 

Problem-Solving using BABE, 
I FAVAD and UARL:UBRL concepts 

Economic Intervention 
Policy 

Nightflow b 

Analysis 

Night-Day Factor 

Performance 
Indicators 

t 

BABE, FAVAD and 
UARL:UBRL concepts 
local parameter values, 
and national data 

+ 
Pressure Management 

Infrastructure 
Condition 

Assessment 

Components of 
Real Losses and 
Water Balance 

PressureILeakage 
Relationships 



Key Concepts: BABE 
There are many different components which go to 
make up the volume of annual real losses 

If we can separately identify these components, 
and the parameters which influence them, we can 
learn to manage and control real losses better 

Avoid empirical relationships and 'rules of thumb' 
which only apply in special situations 

the overall concept, and relationships between 
parameters must be logical and based on good 
physical, hydraulic and engineering principles 

BABE Components of Leakage 
Consider real (physical) losses to be made up of 3 
components : 

Background leakage (at joints & fittings) 

- flow rates too small to be detected if hidden 
(generally <500(?) llhr), run continuously 

Reported leaks and breaks (short life-span) 

- notified by customers etc 

Unreported leaks and breaks (long life-span) 
- only located by active leakage control 



Recent Pressure & Leakage Management 
Success Stories - it can be done! 

England & Wales 
- Leakage 5 1 12 Mlld in 94/95 to 3306 Mlld in 99100 

Malta Water Service Commission 
- System input reduced from 150 to 100 Mlld 

- Gozo now has an ILI of 1.0 

New Zealand: Ecowater (Auckland) : 
- pressure management reduced per capita consumption 

by 10% and leakage from 88 to 66 litreslconnectioniday 

Malaysia: Selangor State 
- $100 million dollar l 0-yr 200 Mlld performance based 

contract by Bristol Water Consultancy Services Ltd 

Effects of Leakage Management and 
Pressure Management in Malta & Gozo 



But you must employ d t h e  basic leakage management 
activities, in the optimum combination for your system! 

F!$ Quality ofRepairs ~ ~ ( ! l  

'-v Recoverable~nual  1 h-' 
Volume of Real Lossa 

Management- 
selection, 
installation, 

maintenance, 
renewal 

replacement 
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TO IIPOI'PAMMA ANABAOMIZHZ AIKTYOY KAI 
EAEI'XOY AIAPPOQN THE EYAAII 

4-rEIPAIKH 

0KAAAIOEA - TZITZImIEZ - MOZXATO 

0I'AYQAAA 

4IEPIZTEPI 

0XAMNAPI - N E 0  YYXIKO - IIAIIATOY 

0 1  llEPIOXEZ 

llEIPA IKH 

llahato Gi~rvo, lcupiq axo ATC, XT, 

Aop~oroh t6 t~6  66acpo~ 

KAAAIOEA - TZITZIQIEC - MOCXATO 

A i ~ r u o  m p i q  an6 Am 
l l p o o ~ h o e y  Kqcptoob 

TAYQAAA 

XAAANAPI - N E 0  YYXIKO - IlAIIArOY 

N&o 6 i ~ r u o  axo XC arov llaxayov, (TTY a h k ~  660 xeptoxk~ 6 i ~ r u o  
a v r i o r o ~ ~ o  PE TO MO rqS xohqq 



H MEOOAOC 

Kplrqp~a dyrploq5 

N u r r ~ p ~ v f i  xapoxjj 

mocpih rilrrlorl5 

Z i r y r p q  perpo6pwq5 p& npohoyodpmq ~ a r a v a h o q  

aEp~uva K a l  ~ v r o n ~ o p o ~  rov F~appohv p& o u o x ~ n o q  oro 50% rou 

~ ~ K T ~ O U  

AEIOAOTHCH - CYMIIEPACMATA 

KOCTOC 
M ~ h i q  120 
K a r a o r ~ u i ~  280 
C6vo ho 400er Fpx 1 ava xep~ofi  
Avqy p h o  r 6 o r o ~  
400~r6px 1 200 OOOm = 2 0006pxIm , 
2 0006pdm 1 40 0006pxIm = 5% 

AYCXEPEIEC 
To 6 i ~ t u o  q~ rr6hq5 6 ~ v  xpoocpipera~ ~ 6 ~ o h a  yla u6pauhurq 
arropov woq 



AITIOAOrHCH IIEPIOPICMENOY IIOCOCTOY AIAPPOnN 

1980 2000 

IIapayoyq ora  G~uh~onjpra 100 

T~pohoyodpwq noooqta  60 

Anpohoyqq 40 

~ M L K ~ O  o v y ~ p m r a  p f l ~ o ~  GIKI%O~.  ABljva 7000km Sydney 28000km 

. B 

CYCTHMATA 

AIAPKOYC IIAPAKOAOYOHCHC KAI 

ENTOIIICMOY AIAPPOnN 



AICOHTHPAC - KATATPAOIKO - IIOMIIOC 

. A ~ o e q q p a ~  q m n ~ h v  rahavrhoeov 

*Karaypacpuco 8 ~ 8 0 p h o v  (Data Logger) 



r 
ZRAHNEZ TPIRN CTPRZERN 

CYNICTRCEC 



F. Aguardo (E~a~p&ia 'Y6pwoq( ~ q (  Z$ihAq() 



THE COMPANY: A GENERAL VIEW 

EMASESA Is a publlc company thathanages the integral water cycle 

POPULATWbSUPPLlED (National Statistics Institute 1998)' 1,214,05% 

n8 12 municipalities with treated water, 1,021,520 

ipaliti,es . q .%L* with ., raw . water, -. - .. 192,521 
- , -.-. , - : ," 

1999 STATISTICAL: DATA 
* _ .."' 

Total registered water uses .. 92.9 H ~ : -  . , . , , 
I T  * I 

Total Income:. . .,.4 . ... . -  72 millions Euroa - . 
Total Investment l ,S - .  40.8 mllllons Euros 

. . - L - y / : *  - 3 .  

Medium cost per cublcmete$: 0.93 Euros . . 

Number of employees v - . 704 

Number of customer 239,276 

Total length of the supply network 2,818 Km 

Total length of the sewerage network 1,813 Km 



RESERVOIR 

Aracena 

Zufre 

Minilla 

Gergal 

GENERAL SUPPLY SYSTEM 

P U C E  

Rivera de Huelva 

Rivera de Huelva 

Rivera de Huelva 

Rivera de Huelva 

BASIN SURFACE 

(KM21 

CAPACITY 

(HM3) 
127 

178 

60 

35 

TOTAL 

Others resources: 

Cala Reservoirs 
Melonares Reservoirs (in project) 

REGULATION 
(HM3 PER YEAR) 

. -,. <. , 

.&;l, 

'g+-: 
..S[ 

I... 
.__,.I 

Pintado Reservoirs (agriculture uses) 
Emergency Intakes from the Guadalquivir river 



INFLOW IN THE RESERVOIRS IN Hm3 

WATER STORED IN THE RESERVOIRS (Hm3) 



- -Total Consumption 

176 , 
+Domestic Consumption 

I 

. 

* 

PAST, PRESENT AND FUTURE 

Over the last 20 years, there have been two prolonged periods of drought, 
in 1980 - 1983 and 1991 - 1995, whlch harshly exposed the inability of the 
supply system of Seville to guarantee the supply, in terms of either quality 
or quantity. To solve this problem, EMASESA has implemented two main 
policies 

A) Reduce the demand, through the implementation of demand 
management: 

Repair and modernlsatlon of La Mlnilla canal, through whlch most of the 
volume of the water received by the treatment plant flows. 
Modernisation works in the Treatment Plant 
Diagnosis and verification of the network of Sevllle 
Renovation of the measuring equipment 
Plan 5 
Saving and awareness campaigns 
The "Manual of a Drought" 
Modlflcations in rating structure to promote saving 
Awareness campaigns on water saving devices 

B) Increase the supply, through the construction of a new reservoir 



LEAKAGE CONTROL 

consolidated 
saving of 

9,500,000 m3 

METER REPLACEMENT CAMPAIGN 

Meters > Byears L 

Meters < 8 years -P . - 



EVOLUTION OF CONSUMPTION BEFORWAFTER PLAN 5 

The analysis of the evolution of consumption in the communities which 
implemented to the PLAN 5 have reduced their consumption by over 25% orrc 

, - 
average giving a current consolidated saving of approximately 500,000 m3 

- 

DROUGHT MANUAL 

Based in. the experience 
accumulated during the 
two las6drought periods, a 
drought manual is being 
prepared as a set of rules 
to be followed in the 
operation of the system to 
minimise the impact of 
water shortages. 





Hvcpi6a rwv EMfl- f l avcmo~q~ iou  A~yaiou - EYAAfl 
ABfiva - 28 Noavppiou 2000 

A. gavBCI~r,( Kal A. Kouraoy~awr,( , Ixi610 61axciplar,( rou u6po6on~ou aucrrIjparo( v( AOjva( 2 



YBET, N. 173911 987 N. S. Grigg, 1996 

0 ~aravahwn~t (  
XP@W 

0 Evtpycia 
0 fl omaaia an6 R n rlPP'M 
0 O I K O V O ~ K ~  wcpthc~a 
0 f l & p i p a M o ~ i ~ f i  

6larrl~rlarl 
+ n ~ p ~ o p ~ a p o i  

0 Qual~o i  
0 hclroupyl~oi 

+ IE ~a0~crrws u6poA0- 
Y I K ~ ~  a p ~ p a ~ o ~ r l ~ a s  

0 Enircu Iltavonoq- 
T I K ~ C  a k ~ o n ~ m i a ~  



To m t k o  i iax&io iq~  rou uiooborurou u u ~ r a r o ~  nls 

l l 

A. :av0arq( Kal A. Kouraoy~bwq( , Txt61o 61ax~iplaq( rou u6pohr1rou aumjparq rq( ABjva( 6 



+ XapaKTQplCJTlKa TOU ~UCJT@~TOS 
0 M~yahy y € ~ y p a ~ l K Q  ~ K T ~ C J ~  - TTOAUTTAOKOT~T~ 

0 A U V ~ T O T ~ T ~  rrohhanhwv E V ~ M ~ K T ~ K W V  hl ja~wv To00 W< npO< TOU< U ~ ~ T I K O U <  

T T o ~ o u <  ( ~ C l ~ l € ~ T f l ~ € < ,  YEWT~~OEI<) 000 Kal W< TPO< TI< 61a6pov& v€TavOp&< 
0 Yyyhb KO~TO<  A€l~~Upyia< TOU u6paywy~iou Yh i~y<  Kal TWV Y E W T ~ ~ O E W V  €VOWI 

~ ~ ~ E V I K O U  KO(TTOU< TOU u6paywy~iou M6pvou Kal TT)< aflpayyas Eu jvou-Mopvou 
I y v a v r ~ ~ &  anwhaq  arro unoyu y 61acpuy& (YAiKy) Kal un~p)(~ lh ia~ l< (Eu yvos) 

+ IlpopAfipara OXETIK~ p TQV aocpahe~a TOU oum jparo~ 
0 M~yahy anocrraay TWV K U ~ I W V  rryywv V E ~ O L ~  an6 TT]V ~ a ~ a v a h w a y  
0 Arrouaia ayvavr l~ou o y ~ o u  ~ a v i ~ u a y <  K O V T ~  myv  A8 j va  
0 A v ~ n a p ~ j <  ~ T ~ ~ O ) ( E T E U T I K O T ~ T ~  OPIO~€VWV u6paywy~iwv 
0 npopA j v a ~ a  c r r a ~ l ~ j ~  ~ r r a p ~ ~ ~ a ~  aywywv aE uyy& napox& 
0 'EMEI~T) O ~ O K ~ T ) ~ W ~ ~ V O U  ~ I K T U O U  ~ I ~ O U V ~ ~ ~ E W V  ~ E T ~ { U  TWV 61uh1crrypiwv 





i gtneri~lized ~l~othen~atical frimewurk fur stochastic 
imulation and forecast uf hydrologic time series 

MCao5 6 awv =-_7 l 4. Ala~fipqoq OUOIW~WV (TTCITI(TTIKWV 

X ~ ~ ~ K T ~ ~ I C T T ~  K ~ V  TWV C]ETCI~A~TC;)V 
5. AlaTfipqoq TWV O U ~ X E T ~ ~ E W V  (TT0 X ~ O V O  Kal TO 

x@o 
6. Avanapaywyi ~ q <  ~ C I K ~ O T T ~ O ~ E ~ ~ ~ <  &vvovfi< 

(cpa~vop~vo I woicp) 
m m 0  m z q z  CV CC) 

g z & g s ,  
z z z z z z  

A, faveClrrl( Kal A. Kouraoy~awrl(, fxCblo b~axcip~arl( rou ubp&rl~ou aumjpa rg  q( ABjvq 11 

A. i av0a r r l~  Kal A. Kouraoy16wrl~ , f xfblo b~axc lp~ar l~  rou ubpobn~ou aumjparo( rrl( ABova~ 12 
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A. :avM~q( Kal A. Kourooy~bwq~ , Ixt610 61axcIp1arl( rou u6po6or1~ou aumjparx A q v a ~  18 



A. i a W r q (  ral A. Kouruoy16wq( , Ext61o kaxtiplur)( rou U ~ ~ O ~ T I K O U  oumjvarq rr)( ABfiva( 19 



A. :aveClaqq Kal A. Kouruoy~dwqq , 1x1610 61axtip1uqq rou u6pobon~ou uucnjparq rqq ABjva~ 21 

H r r o ~ o ~ q ~ a  ~ w v  crrlcpavc~a~c;lv vcphv xapa~~qp icc~a~  arro rrohu ~ah f i  (Mopvos, 
Euqvos) ws ~ a h f i  (YhiKq, flapahipvq, Mapaehvas, B. Kqcpla6~), a ~ o p q  Kal ac 
T T E ~ I O ~ O U (  hpaaia< (xapqhfi~ ma8pqs T C I ~ I E U T ~ ~ ~ W V )  

0 Ta crrirrc6a cpop~~aq< TOU vcpou nou (PT~VEI  m< pova6q crrc{cpyaaia< civa~ 
xapqha ac axtaq pc Ta op~a TO( Eupwrra'i~fj( 'Evwaq~ 

+ Evepye~a 





0.9 GWhlhm3 

380 390 400 410 420 430 (= 13 6pxlm3) 

ETOXO( rrjola( K ~ T ~ v ~ A w o ~ ~ (  mqv A0 jva (hm3) 

A. i a v M ~ q (  Kal A. Kouraoylbwq( , Ixt61o 61axciplaq( rou u6po60n~ou aumfiparo( v( AWva( 25 

A. IaveCI~rlc Kal A. Kouraoy16wq( , IxC61o 61axciplaq( rou u6po60n~ou auorfi~crro( rq( A€hiva( 26 



A. Iav01!1~q( Kal b Kouraoy16wq(, Qt61o 61axtiplq( rou U ~ ~ O & T I K O U  aucrrfi~mo( rq(ABfiva( 27 

T E V I K ~ ,  Kal FE TI( TT~OUTTO~EOEI( (a) E A E ~ X O U  TOU aut,qr~rou pu0~ou rq( 
~aTavahU~q(  Kal (P) K A I F ~ T I K ~ V  uuv0qrhv x w p i ~  arrpoPhmq &{&hi{&l(: 
0 AEV avapfv~~a l  oopapo rrpophqpa u6po6o~qoqq arro TTh~up6s ~ r r a p ~ ~ ~ a s  

U ~ ~ T I K W V  ~ T O ~ W V  

0 Oa a r r a ~ ~ q e ~ i  ouvmpopa TUC YAi~qq Kal TWV Y E W T P ~ ~ E W V ,  0x1 opwq mo pky~mo 
paepo 

0 H ~ ~ j o l a  ~a~avahwaq ~ v i p y ~ l a s  avap iv~~a l  va KOPU(PW~E/ ~ a ~ a  TO u6poAoyl~o 
~ T O S  2001-02, q~avovras ~ a ~ a  pfoo opo T I ~  75 GWh, EVW mq  ouvixua 0a 
cna0~porroq0~i yupw arro Ta ~ r r i r r~6a  TWV 40-50 GWh 

0 Arrapai~q~q q ~vioxuoq TWV u6paywy~iwv Kal yla T I ~  ~161Kfq a v a y ~ ~ q  TWV 

OAU~ITI~KWV aywvwv 

+ E161~a yla TO T ~ E X O V  U ~ ~ O ~ O ~ I K O  &TO( (OKT. 2000 - ZETT. 20001) 
0 To 95% TWV avay~wv (350 an6 Ta 370 hm3) 8a K ~ ~ U ( P ~ O U V  an6 TOV Mopvo 
0 Tous rrpw~ous p j v ~ s  ~ E V  0a xp~~amouv ~ V T A ~ O E I ~  v~pou 
0 M~y6Aq q rr10avo~q~a va xp~lamouv avrA jous arro Y A ~ K ~  Kal Y E W T ~ ~ O E I ~  ~q 

8~plvfi mpi060 
A. EavBa~q( Kal A. Kouraoy16wq(, Ixt61o 61axtiplaq( rou U ~ ~ Q ~ T I K O U  auoTfilaro( rq( ABfiva( 28 



+ npoxwpqvh&< ~&8060hoyi&< Kal T E X V O ~ O ~ I K ~  &pyah&ia yla rq 
61ax~iploj rou ouvpahouv: 

orqv au{qoq rq< 61a0~o1porqra< u6arl~bv nopwv 
orq v~iwoq rou ~oorou< pracpopa< v~pou 
arq P~hriwaq rq< h~~roupy ia< rou auor jparos 
OTO ~ ~ 1 ~ 1 ~ ~ 0  K ~ ~ O E W V  

+ OhoKhqpwvCvo 0x6610 61ax&iploq< y la rqv npooq j  n ~ m a ~ ~ i a ,  r] onoia 
avav~vsra~: 

xwpi< d~airtpa npoPA jpara 61aO~o1porqra< u6arl~bv rropwv 
xwpi< b{apoq rwv sv~pyo~opwv anohjyl~wv 





OEZMOI KAI IIOAITIKEZ TIA TH BIOZIMH XPHZH 
TOY NEPOY ZTIZ IIOAEIE 

1. To IIp6ypappa METRON 

METRON - "MqtpoxoL~n~& l l s p t o ~ ~ q  Kat Bthcnpq Xpqcq tou N~polj" 

40 IUaiaio A p a c q ~  yia q v  'Epmva, l lpbpappa "nsptpaUov K a t  KAipa", Yxo- 
xphpappa: "Kotvovta K a l  Ot~ovopta 'Epmva ya t o  llsptp6rh3iov1' 
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o Aucav6pmo KOOZO< zou vcpo6. 
o ncptflahhovn~& cmmhacy. 
o 'Opta cnhczaq< n6pov u6po66qqq opur~o K O ~ T O S ,  ouy~po6ocy, 

vopoBcoia. 
o Aucavopmv apcflatoqza 6m pnopci va avnpczomaeci povo pc Z E ~ I K ~ <  

h6ac y. 



lkprcpsprolroiqq ("Regionalisation") 



npoosaaia rat anorarbosaq rou xspl&UAovrq 

M ~ i u q  ~vepynaaq ( d q q q  auuaqtdcrov ubpo66qqq rat b6pmqc 
OAodqpophra npoypbppa xpoosaabq rov nrlyhv ( U v y ,  ~(vq~pct, h) 

Mmpfiasy q v  jtq 
Z16Ata h a q q  avdryqq: 0~apo0&qpkv&q bphasy rat m o v m &  bp6vrov 





ETAIPEIA YAPEYZHZ K M  AIIOXETEYZHZ IIPRTEYOYZAZ 
EONIKO METZOBIO IIOAYTEXNEIO 

Nrpo yla rqv noAq: 
Z r p a r q y ~ ~ o  crxrb~acrpos, b~axr~plcrq rqs {qrqcrqs 

& rAqxos TWV b~appowv crra ~ I K T U ~  
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n p o t a q  yta V O ~ L K O  nhtato notoqtaq 
noatpou usatoq q q  nportuouaaq 

l .3 Xuy~povq m~Aqtpq ncpl u i a r ~ ~ w v  nopwv Kal noo~pou uiaro( 

01 u G a r ~ ~ o ~  xopol aval oupcpwva pc q avy~povq avrAqyq cpuauco aya0o pc oaohoyuq Kal oaovopuq 
G~aaraaq. To xoalpo u6wp cwal w a  EK TWV wv OVK ~ V E U  aya00, xou npenct va ~aacpa)ct@ra~ ac m a p q  
noaorqra, ac  aptarq xotonlra, ac o u v m  napqq,  Kovra ara aqpaa ~arava)cwaqq Kat arq xapqhorcpq 
Guvarq ryq .  

Ot E A A E ~ ~ E Y  q q  unapxouaaq vopo0catq roao ac cnvreGo ouatamucwv pu0ptacwv oao Kat ac envrcGo 
ouarqparonotqaqq rwv cpopcwv Kat unqpEatwv nou aqohouvral pc q bl~x&lpL~q rwv uGanrwv xopwv 
Kat q Gta0oaq noalpou u6aroq arqv npwrmouaa, ~a0larouv avayKata pla ctGuq pu0p~artq 
nap~ppaaq. H pu0ptartq napcppaaq ~a0lararat aKopa ncplaaorcpo e n t r a m q  hoyw rou ort ro 
ouarqpa u6pmaqq rq< npwrmouaaq etvat e ta lpen~a  Emwapwo Kal ano ra xhov  nohunho~a a q v  
Eupwxq roao ano n h p a q  ~ q v t ~ q q  Gu~ra{qq (layout, Xmpa 1) oao Kal ~otvwvlqq gtaq. 

nq  mplol ~ O V E ~  yla TO o~~G1aapo  at rqv uhonotqq rqq bu10cqq noa~pou u6aroq ap~arqq n o q r a q  
a q v  npormouaa avayovral pc TO napov: q EYAAI7 AE, q Eralpcla l l ay lwv  EYAAn Ka1 ro YlTEXRAE 
(N. 274411 999). 

Mla wrpapqvq xcptpa.Uovrtq a51o)coyqaq q q  Karaaraaqq (environmental auditing) Kal pla raxupu0pq 
a v a h q  q q  r q v l q q  Kal vopt~qq Karaaraqq ~ & 6 & 1 @ V  rqv avayq  ouvrgqq Nopo0sqparoq (Cmpa 
3). 
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n p o r a q  yia v o p i ~ o  n h i a i o  n o t ~ 1 ) ~ a ~  
noatpov v 6 a r o ~  q~ npwrevovaa5 

Evoym TOU E U ~ O U ~  TOU avakyq0mtoq EWOU an0 nkmpaq ~ V ~ O T ~ K O U  O W ~ K E ~ ~ E V O U  Kal EVO\VE~ 

aval;yqOy~s y ouvSpopq avw rov 30 a~aSqpaY~wv ar&~ov Kat mtaqpovwv ano q v  EMaSa Kat ro 
E @ ~ E P ~ K O .  
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0 1  u6a~lK01 xopoi q 4  Ilpwrmouaa4 uxayovral urq G L K ~ I O ~ O U I ~  rou Yxoupyou I l E X R U  Kal 
xoplliappavouv r a  Xopaaia mtcpavoiaKa caal uxoyola ubara rwv ks~avwv anoppoq4 rwv xorapwv 
Mopvou, Euqvou, Bo twa~ou  Kqcpiaou, rwv kipvwv Ykuq4, napa)iipvq4 & M a p a h v a ,  Kal d w v  
ko~avwv anoppoqq nou p d l o v r t ~ a  0a max0ouv uro marqpa  u b p m q q  q q  npwrmouaaq. 

A E ~ O ~ E ~ E E ~  blvovra~ (TSO napaprqpa Zuarqpa Euqvou (SEY). To cppaypa a q  0 o q  Ay. Aqpqrpiou 
arov norapo Euqvo KaraaKmaqKs Kal owal or01p0 va )~EITOUP~T)CIEI u q  p~ylurq  buvapi~orqra TOU. 

Raroao, V E ~ O  MO TOV T a p m q p a  Euqvou pmacpspmal UTO T a p m q p a  M O ~ V O U  an0 TO 1997, pma q v  
oko~Aqpwaq KaraaKmq4 rq4 ovv&rqpra~ qpaylac Eoqvov-Mopvov p q ~ o u 4  29 km K a i  

napoXsrmrlKorqra4 27m3/s. 

2.3 Xumqpa Mopvou 

A E ~ O ~ E ~ E ~  bivovra1 UTO n a p a p q p a  Zuurqpa Mopvou (SMO). H k ~ a q  TOU norapou Mopvou 
mptamral aro  Nopo O w ~ t 6 q  K a l  opgmal arro ra opq r ~ l w v a ,  Oirq K a l  BapGouaia. 0 Mopvo~  p w  arro 
p o p s ~ o a v a r o k ~ ~ a  npo4 v o n o b w ~ ~ a .  To cppaypa Mopvou bqploupyoi r a p m q p a  aaropootboy popcpq~ 7 
km hnra  ano rqv Kotvorqra Atbwpunou. 0 rapmrqpa4 Mopvou KaraaKmaaqKo r a  ET 1972-79 K ~ I  

q nkqpwq rou apxias rov A E K E ~ ~ ~ I O  TOU 1978. To ubarao cruaqpa rou r a p m r q p a  noplliappavsi rouq 
norapouG Mopvo, M n s k ~ a ~ r a a ,  Apopo, KOKK~VO ROU ~ara) iwouv UTOV r a p w q p a .  0 r a p m q p q  
rrapoua~a<s~ arrwksq arqv rrsploxq l7vpvov. Ta  Glarrspara KapariKa rrsrpwpara rq4 rr~pioxq4 
ar~yavorro1q0q~av PE on~cpavo~aq m m b u q  an0 a a c p a ) i ~ o u ~ ~ ~ p o b ~ p a  K a t  n a p d q k a  Karammaaqlco 
aroa  arpayylaq4 ral KaraKopucpq Koupriva ralpmmoaowv aro  xapqkoropo a q p a o  q 4  nopioXq4. 

H p o q  Eqaa olapoq arov r a p m q p a  yta ra ubpokoyuca o q  1979-94 wai 7.76 m3/s (EYAAn, 1995). 
H avrlarolpl rlpq Kara rov udpokoyi~o q ~ 6 l a a p o  rou cppayparo4 rav 11.09 m3/s. Ol psas4 E q a h q  '3 biacpVy&4 rou cppayparo4 yia ro 1610 h a q p a  613 ~mopvouv r a  0.36 m 1s.  

A m r o p s p s ~  bivovra~ a ro  napaprqpa Z u a q p a  Boiwri~ou Kqcplaou (SBK). H k ~ a q  anoppoq4 rou 
Bolwrl~ou Kqcpiaou ErrEivsrai aro  avarokl~o rpqpa q Z r s p ~ a ~  EMaGa4, ~a ra ) i appav~ i  rpqpara TWV 

Nopwv Boiwria4, Ow~iba4 K a i  O8iwnGa4, Kai oplQrat ano ra opq r ~ i w v a ,  llapvaaaog E k l ~ o v q  Kal 
KaMibpopo. 

To u b a r t ~ o  cruarqpa noplliuppavoi: rov norapo Boiwri~o Kqcpiao, rov naparrorapo rou Epmva ral rov 
norapo Mskava. 0 Boiwn~o4  Kqcpiao~ pas1 arro p 0 p E l 0 6 ~ l ~ a  n p o ~  r a  vorloava~okwca, 6iaaxi<&l q v  
anoE,qpapmq kipvq rq4 Kwnaiba~ Kai EK~ME~ q v  kipvq Y k i q  p&aw rq4 Alwpuya4 K a i  X q p w a 4  
Kaphraa4 
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2.6 Zuorqya Mapaewva 

AEKTO~EPELE~ 8wovral a ro  n a p a p q p a  Z u a q p a  Mapaeova (SMA). To cppaypa rou Mapaewva 
KaraaKmaarqKs r o  1929 a q v  Koaq rou norapou XapaGpou. 0 r a p l m r q p q  rou Mapaewva swal nolcu 
p l~poq  as axsaq p& rouq unokovrouq, ww aXsnKa a q p a q  swal K a l  q cpualq aapoq as aurov. To 
p a a l ~ o  nhovsmqpa  rou swal q Eyyuqra rou npoq q v  ABqva, yqovoq nou rov ~ a e ~ a r a  q v  mpla  
a n o 0 q q  aacpdxlq rou u6po6orl~ou ouaqparog.  H XwpqrlKoqra rou swal40.8 hm3 w w  o wcpsklpoq 
oymg rou slval34.1 hm3. 

T a  u6paywysla Sla~pwovral  as: (1) K m p ~ a ,  (2) Evwrlca, (3) Boqeqma.  To ouvokuco pqcoq rwv 
u6paywystwv, ~ w r p ~ w v ,  w w r ~ w v  K a l  poq0qn~wv swal 495.5 km. n q p o c p o p q q  Gwsral a ro  
n a p a p q p a  E&.n&pl~a Yfipayqsla (SEX). H anou6a1oqra rwv Evwrucwv ~6paywy~lwv  o c p s h a ~  aro  
0'51: 

T a  /?oqBqr~~a u6paywysla Xpqalponoloumal &as yur va  psracpspouv vspo ano pucpa cppqpara q 
yswrpqasy ara m p l a  u6paywysla EKE yux 6urcpopsq U q  Xpqasy. 

T a  mptorspa u6paywysla rou oua rqpa rq  rqq EYAAn swat 
u6paywysto Euqvou ( q p a y y a  Euqvou - Movpou) 
u 6 p a y q ~ l 0  M O ~ V O U  
u6paywyslo Yk~cqq 
wwnKo u6paywyslo Mopvou - Mapaewva 
u6paywyslo K l o u p ~ a  - Mwt& 

Anrropspq< nkqpocpopqq 6 lv~ra l  a r o  l l a p a p q p a  E y ~ a r a a r a a s y  En&{&pyaauq YGaroq (SEPY). To 
vspo acpou (NU)CEX~EI aTouS T a p m q p q  06rlys1~al psaw ubpaywyalwv ma Gmklaqpla yla sxstspyaaux. 
Xrq ouvsxsla 61avspsral ano  ro  saorspuco 6 t m o  61avopqq q< llpwrmouaq.  01 pova6~q nrs@pyaauxq 
noalpou vspou swal rsaaspy:  
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0 opos S I K ~ O  udpeuqq mo6qhvs l  TO auvoko rov aywyov pmacpopaq 61uhlapou vspou, ano ra Kara 
rolrouq 6luklarqpla p q p  ra u6popmpa rov ~ a r a v d o r o v .  
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01 6 l~~a{&< rqq Iapouaaq EBvlqq Nopo0salaq nspl noalpou u6aroq nspqovral aqpspa 6laanaprsq 
ac ucavo ap10po Nopwv (N), llpoc6pl~ov A~arayparov (llb), llpaE,~ov rou Ynoupy~ou Zuppouk~ou 
(nYZ), Y ~ o ~ ~ ~ ~ K u v  Anocpaasov (YA), Yyslovop~~ov A~ara{sov (YA) Kal ~ O U W V  KWOVlOTlKwV 

npgsov (Kll). 01 avo 61ara{&y npospxoEal ano G~acpopsn~sq ~ O V I K E ~  nsp106ouq Kal 
avr~~aronrp~(ouv ra rore 6~6opwa. 

01 ucplarapwol runucol vopo~ 6w nspqouv ~161K~q pu0p1asq oars va apKa q ankq ukono~qaq rouq, 
a U a  op~(ouv r y  Y E V I K E ~  apxq Kal ~ a r m 0 u v a ~ ~  q q  pu0plqq Kal qouv avayq okodqpoqq rwv 
pu0p1asov rouq ps ~avovsq, nou 0a ~avouv rqv scpappoyq rouq sq1~t-q. Era,  napqouv mpaa &t6lq q 
Kara nEpurroq y w ~ ~ q  ~{oua1060rqaq ~ ~ 6 0 q q  K U V O V I ~ K W V  npa{swv (YA, llA, YA), y a  rq pu0p1aq 
rov 0sparov nou ~a0op1(ovra1 as  aurouq a s  y w ~ ~ o  n h a ~ o .  

01 snlywopwsq pu0plasy rou vopou n h a ~ o u  N. 165011986 yla rqv npoaraau rou nsp~paUovsoq Kal 
rou N. 173911987 yla rq 6laxslplaq rov u6arucov nopov nspqouv ywl~sq 6lara{sy. 

o N. 165011986 nspAappavsl 6lara{&y 61aqpu~r1~ou XapaKqpa nou Bsrouv r y  ~ E V I K E ~  ypappsq Kal 
pnopouv va XapaKrqpmouv arsksq, ~ a 0 o q  yla va scpappoarouv analrouv q v  E K ~ O ~  K ~ ~ O V I ~ I K O V  

anocpaasov. 

ME TO V O ~ O  I73911987 yveral anonapa maqparonoqaqq Kal op0okoy1apou rou voprou nka~a~ou rqq 
6la~~lplaqq rov u6arl~ov nopov. n p o ~ o ~ r a ~  yla qpavruco vopo0srqpa ro onolo opwq: (i) acpwoq as 
pqaho pa0po ~ E V  E X E ~  E V E ~ ~ O R O I ~ ~ E I  6 0 6 s ~ ~  Xpovla psra rq 0san1aq rou, Kal (ii) acpsrspou onoq ro 1610 
oplo0srs1 aro nporo rou apepo, acpopa y w ~ ~ o q  ra EnupavslaKa Kal unoysla vspa, xopy 6 1 a ~ p l q  a q v  
nolorqra, rqv n p o s h q  q rq 6uvarq p q a q  TOUS. 

EvGlacpspov napoua~a(s~ q YA A51228011983 onoq aurq rpononolq0q~s, q onola anoaKom a q  kqyq 
rov ~ a r a U q h v  ps~pov oars  va E ~ I T E U X ~ E I  q npoaraala ano rq punavq rov cpuaucov u6a~wv nou 
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I& EIIUIEGO Opomovdov K~GTTOUC (nx New South Wales) appo61oq a v a l  o wrlarolxoq @ o p e q  
A i a ~ e i p i q ~  A e ~ a v q ~  Alroppoq~ 

IE E ~ U I E G O  u n o u p y ~ ~ o v  app061a Ewal rpla Ynoupy~~a :  ~ E P I P ~ O V I O ~ ,  M~racpopov K a 1  r ~ o p y q .  
nap&qAa arqv Glapepooq rou Ynoupy~lou nap~paUovroq unayovral Guo G m h v a s y  a p p o 6 q  yla 
O ~ p a r a  uGaroq, q Ameuvaq YGarov (Direction de I'eau) Kal q A ~ m O u v q  yla q v  npoAqw q q  
punavaqq K a l  r o v  ~ ~ v G u v o v  (Direction de la prevention de pollution et des risques). 

h a  r o  OpoanovGo KparlSlo q q  Bauaplaq o Aqpoq EXEI npwroynq o u m a m ~ ~ q  a p p o G ~ o ~ a  EK TOU 

Iuvrayparoq yla rq  Glax~lplaq rou u 6 a r q  Kal rqv rpocpoGoala noayou  ubaroq. H Nopapxla EXEI TI) 
G ~ o ~ q r u q  Enonrna EKI rwv Aqpov. Tqv E I G I ~  appoS~orrpa ~ a o o p ~ a p o u  TOU V O ~ I K O U  ~ A ~ I O I O U  EXOUV 50 

Yn. n ~ p l p & o w q ,  so Yn. E a o r s p l ~ o v ,  r o  Yn. Yy~laq  K a l  TO v o p o e ~ n ~ o  aopa .  H OpoanovGlaq 
K u p ~ p v q q  Ewal appob~a  yla rov ~ a O o p ~ a p o  vop l~ou  nAalalou yla ra p ~ y c d a  n o r a p a  K a l  n q  A y v q  nou 
Glaaxl<ouv nEplaamEpa opoanov6a ~par1Gla 

0 mvsovlapoq yla rqv avcurrutq rov  cpuaucov nopov ylvnal  pEaw rou IuppouA~ou YGar l~ov nopwv 
(Water Resources Council) K a l  rwv Enlrponov YGarov (River Basin Commissions) aE ~ n m ~ 6 o  AEKavqq 
anoppoqq. I r o  I u p p o d l o  YGar l~ov nopov, m p p n q o u v  o Ynoupyoq E O U T E ~ ~ K ~ V ,  o Ynoupyoq 
r~wpylaq,  o Ynouyoq EOvl~qq Apuvaq K a l  o Ynoupyoq Yy~laq,  na l6~1aq K a l  K o ~ v o v l ~ o v  Ynqp~alav .  
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Ty npo6~aypacpq nolorqrq u 6 a r l ~ o v  nopov, u6aroq ya ~ p q o q  napayqqq noolpou u8aro$, no loqTq  
noolpolu u6aroq Kal ra oXErlKa nporvna 8 ~ 5 ~ 1  o Opyavlopo$ npooraola$ n&p~paUovro$ (US 
Environmental Protection Agency). 
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5.1 Y b a r ~ ~ w v  nopwv 

Ta  nposuna rov u6arlwov nopov a q v  unapxouaa ~ 0 v 1 q  vop08~01a awoAou8ouv T I ~  pu8plaay q q  
Eupona i~ov  Kolvoqrov. Z q v  napouaa n p o r a q  s ~ o u v  )crlcp8&1 vrroyq Kal  nposuna 6 ~ 0 v o v  
opyavlapov Kal  aMov p p o v  E K T O ~  m p m a ' i q 4  E V O ~ ~ .  

Ta  nposuna rou noalpou u6aro4 q v  vlrapxouaa s8v1q vopo8sa1a a~oAou8ouv T I ~  pu8p1asy q 4  
Eupmaikov Kolvoqrov. Z q v  napouaa n p o r a q  s ~ o u v  Aqcp8s1 vlroyq Kal  nporvna 6 ~ 8 v o v  
opyavlapov Kal  aMov  ~ o p o v  Erno4 m p m a T q 4  m o q 4 .  

01 n a p s ~ d l a s y  m o  TIG o~ avo  T I ~ E ~  TOY U ~ ~ T I K O V  nopov K a l  TOU A O O I ~ O U  u 6 a r o ~  opl<ovsal ps 
anocpaq rou Ynoupyou llEXRAE (aupcpova p& q v  U~OPQMO~EVT)  nporaaq). 
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1. Xro n)ca~olo rwv pu0plorswv Bsparwv onou sxqslpslral: 

2. Ay appo61oryrsq us snms6o appo61wv Yxoupys~wv onou: 
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(3) Oaov acpopa arov appoho cpop&a Glax~lplaq4 rov ubar l~ov nopov Kal napoXq4 
avsn&@jqaarou uBaro4 a q v  npormouaa Kal ro  cpopEa uBpmaq4 npormouaq, 01 

npor~ivopm~4 pu0pmy Aappavouv un' o ~ q  Kal mappov<ovral p& rov npoacparo 
N.274411999 yla rqv EYAAfl AE Kal rqv Eralpla flaywv EYAAfl. H ovopaala rov 
cpop~ov axoBo0q~~ a& mpsla mo la ,  oars o vopo4 va Eival avoqrq  a& w o v  V O ~ O ~ E T ~ K E ~  

&&)c@& EVW npoaB~op~aq~av &K VEOU KO1 Bmpuv0q~av 01 ~ ~ p 0 8 1 0 f ~ l ~ E 4  TOUS. 

To Ynoupyao Eaorspl~ov Elval q appo6ia apxq yla q v  ubpmoq EKro4 ano rqv YGpmq A0qvov 
Kal O~aaahovlq<, nou a q K a  Kal q v  appo6lmqra rou YflEXRAE mo oro ax~61o vopou 
nporavaal va u n a x 0 ~ ~  a q v  a x o d ~ ~ o n q  appo6lmqra rou YflEXRAE. 
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l l p o r a q  yta V O ~ I K O  n)IQtato n o t q r a 5  
noatpou u b a r o ~  q 5  npwrcuouaa5 

0 0 ~a0oplopo< rov napapnpov K a l  napaporpucov rlpov yla nlv nolorqra rov  ubamov  nopov Kal 
rou noolpou u b a r o ~  a v q w  uno TO laxuov ~ a 0 e a r o <  arq ouvappoblorqra nsplaaorspov 
Ynoupyslov (YnEXRAE, Yysla<, E a o r s p ~ ~ o v ,  E h u q <  Ol~ovopla<) m o  aro  a ~ o b l o  vopou 
nporelvsral va unax0a arqv arro&laruq appoblorqra rou YnEXRAE. 

Yno TO napov ~aOsarw<, appobla apxq yla q v  ecpappoyq blaraeeov yla q v  npoaraala q< noloqra< 
rou noalpou ubaro< Kal rqv snonrsla snl rov d q p v  Kal rov Epyaaqplov ava l  TO Ynoupy~io Yyelq. 

Ot mt pepou< awe< anoanaaparllcy puOpasy, nou aaayouv ot io-povrq m n ~ o l  vopot ~ a d q  6f 
aurov x a p d q k q  vopo0mvq ~ e o u a l o b o q q  a s  blacpopa opyava rq< o ~ r & a r t q <  )cstroupyta< 
(nposbpo Aqpo~parla<, Ynoupyt~o Zuppou)cto, Ynoupyous ~.)c.n ) 6m entrpsnet q v  e ~ b o a q  
KavovlanKq< n p a e e o ~  (nA, KYA), nou 0a nep lqa  ro ouvo)co r o v  puOplaoov, ary olrotq 0a 
avacpeperat ro  0 e a p t ~ o  n)ca~alo yla TO noalpo ubop. 

H e ~ b o a q  ouvsno< m ~ o u  pu0plarucou vopou, aSla~ptro< q< EmaasoS r o v  pu0plasov aurou, 
EKrlparat avaylcata. 

Zro ~scpdauo 1 rou vopou nepqovrat  slaayoywx< blarak~u< yta ro  oKono rou vopou, 0oanlaq 
o)coK)cqpopwou ouarqparo< Kavovov G ~ ~ a l o u ,  TO nsblo EcpappoyqS aurou Kat m a  n)cqpe< Kal n r ~ p q a r o  
o u a q p a  rov  optapov nou Xpqatponotq0q~av yla r q  avcrylcy rou napovro<. 

Zro ~ e c p d a ~ o  4 llolorqra lloatpou ubaro< Karoxupovovrat re)co< r a  T w t ~ a  XapaqplartKa rou 
noalpou ubaro<, ot cpual~e<, X ~ ~ L K E < ,  p ~ p o ~ l o A o y l ~ ~ <  napaprpot Katol nepurrwaey n a p ~ ~ K ) c l a ~ o v .  
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nporauq yta V O ~ I K O  nhto to  notoqraq 
nootpou u6aroq q q  nporcuouoaq 

To Mspo5 I1 ascorslislral ano ra ~scpa3cala 5 E W ~  8, ra mplwrspa q p a a  avukuovra~ w5 styc,. 

Zro ~scpukalo 1 1  rou vopou - A m q  m 0 u q  l l o ~ v ~ ~ y  m & q  I C V ~ O O E ~  pu0p~<ovra1 ra mmolxa 
Bspara. 



7 AIOIKHTIKOZ MHXANIZMOZ EeAPMOrHZ AIATAEEZIN 

Ynouwol: YlIEXnAE-YllEOO- O ~ ~ o v o p ~ w v  
Ka0oplapq rou uyouq rou Erqalov npqparo5 6la0aq5 rou av&n&(spyamou u6aro5 mov QYll 
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l lporaq yia V O ~ ~ K O  nhiaio noioqra5 
noaipou ubaro~ q~ npwrcuouaa5 

7.6 Tpqpa U ~ a x c ~ p w q ~  YUaw~wv nopwv 

T a  Tpqpara Alaxslplaq~ YGarl~wv nopwv (N.250311997) r a  mola  n k o v  Evraaaovral m q  A m e u v q  
ZxsSlaapou Kal Avanru<q~ rq5 llsplcpspsq (apepo 6) aval  p s r a b  a;Uwv uppotha: 

yla rqv sns<spyaala rwv arolxswv K a l  q m v r g q  utiarl~ou lao(;uylou rou 6lCIp&pl~pa~o< ava 
)csKavq< anoppoq< 
yla ro ouvrovlapo Kal snonrsla rwv Gpaarqplorqrwv spmvac,, a<~onoqaqq, ~ p q q q  Kal npoaraalq  
rwv utiarawv nopwv rou 6 l a p ~ p l a p a r o ~  K a l  rov E ) ~ E ~ O  a u q u q S  rWV til~alwparwv K a l  TqV 
emr1qpwo-q rwv wro~pewoewv nou acpopouv r15 U ~ U T ~ K E S  axsaey arqv neploxq m 0 u v q ~  .soy (apepo 
3 nap. 5 p Kal or, arov ono10 napanspnsl o v. 250311997) 

To napov cqsG10 V O ~ O U  GE O L ~ E I  r y  avw appo61qrsq  rwv rpqparwv K a l  myKsKplpEva aurwv AOU 

Evraaaovral arqv llspvppsla Aur. E)c)caGo~, A r r l q ~  Kal Zr spsa~  E l l a G o ~  d)ca nporslvsl a ra  
avriarolxa Bepara oupp~roxq rou OAllYYll. 
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nporaq yta V O ~ I K O  ~ ~ U I I O  notoqras 
noatpou usaros q s  npomvouaas 
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H EKnovqaq rq< p ~ k r q <  K a t  q nporaasy nou avannq8q~av  ano rou ovy(pacpsy q< napouq4 
6qpoamoqq, 6 m  8a qrav E V I K T E ~  XO~IC,: 

1. rqv o ~ ~ o v o p ~ q  unoaqp~cq  rq< A ~ o ~ ~ q a q <  rq< EYAAll. 

2. rq arEvq ouvspyaala rou K. Olhmnou T(oup&pKa (EiYMn), K a l  

Ka8. Av6p6q Av6psa66qq (EMll), Prof. M. Benedini Univ. of Roma), Prof. Peter Hopkinson (Univ, of 
Bradford), Ap. A y y ~ l i ~ n j  K&ia (Bpucsk<) ,  Dr. Nick Kariotoglou (Aargus, Australia), Prof. 
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