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6. WATER RECYCLING  

6.1. Introduction 

There are a number of reasons why water and energy are two comparable resources: both are 
totally necessary for human life, their natural supply is limited and they require manmade 
infrastructures to become available to users. The First Law of Thermodynamics states that 
energy cannot be created nor destroyed, but simply change forms, and a similar principle 
could apply to water. Current technology is not able create water on a large scale, although it 
does allow its transformation it in many different ways. Besides desalination, water recycling 
is one other way of increasing water supply reliability by treating water which otherwise 
would not have any further beneficial application. Even without advanced water treatment 
processes, sometimes water can be used several times within the same facility before being 
discharged, just as energy is reused in co-generation plants and energy recovery devices.  

Water recycling involves treating urban, industrial or agricultural wastewater in order to 
remove sediments, organic matter, chemicals, etc. and thus make it suitable for a controlled 
(and sale) use that would not be possible otherwise. In order to obtain recycled (or reclaimed) 
water, water coming from a secondary treatment process is treated up to a higher quality level. 
While secondary treatment usually aims for a water quality corresponding to BOD< 25mg/l 
and TSS<35 mg/l, regardless of the treatment method, reclamation processes vary depending 
on the final use of the effluent (CCB, 2007). It stands to reason that the higher the risk for 
human health is, the higher the quality of the effluent must be.  

Reclaimed water could be very beneficial in arid and semi-arid areas of California and Spain, 
especially during the hot and dry season (summer) when crops need larger amounts of water 
to compensate high evapotranspiration. Not only does water recycling provide a reliable 
source of supply, but it also reduces energy use in sanitation networks and treatment plants 
and it increases downstream water quality.  

Nevertheless, water recycling has certain drawbacks to the development of its total potential. 
The most serious one is ensuring water quality and thus, absence risks for human health. It is 
no wonder that every time a new recycling project is proposed, strong public concerns arise, 
particularly when recycled water is meant to be use for indirect drinking applications. 
Although reclaimed water is never reintroduced in the clean water networks (it is actually 
used to replenishes groundwater basins), opponents to water recycling in California nickname 
the process “from toilet to tap” water supply (personal communication with Los Angeles 
Department of Water and Power, LADWP, July 2007). Most experts agree that strict quality 
tests guarantee the absence of (known) hazardous components, but they also admit that 
unidentified emerging contaminants could be overlooked due to lack of the propitiated 
analyses.   

Planned and unplanned water recycling 

The California Water Code defines recycled water as “water which, as a result of treatment of 
waste, is suitable for a direct beneficial use or a controlled use that would not otherwise 
occur.” (DWR, 2002). Recycled (or reclaimed) water can be reused in two different ways: 
planned or unplanned. 
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Unplanned water recycling consists of returning secondary or tertiary treated water to a 
stream to be diverted downstream for additional beneficial purposes. In some cases, primary 
treated water is returned to bodies of surface water, although this represents a potential 
environmental hazard. Unplanned wastewater recycling, also referred to as indirect recycling, 
is very common within hydrologic basis located far form any possible ocean discharge point. 
For example, water from the Mississippi River is captured and returned to the stream up to 
eight times before reaching the Gulf of Mexico.  

In contrast, planned (or direct) water recycling consists of advanced water treatment to 
achieve a water quality comparable to that of potable water. Reclaimed water is directly 
applied for a number of beneficial uses including irrigation, habitat restoration and 
groundwater replenishment but not human drinking water supply. Direct reclamation requires 
specific conveyance infrastructure such as pipelines or canals in order to carry treated water 
from the plant to the final points of use (e.g. irrigated parks, percolation ponds, industries, etc) 

Water recycling, reclamation or reuse  

Very often water treatment literature uses the three different terms to refer to the same 
process: recycling, reclamation and reuse. Although these terms are considered to be 
equivalent, in some cases there is a significant difference between recycling and reuse. For 
instance, when water is used more than one time within the same facility, one would only use 
the term “reuse”. One clear example of water reuse (and not recycling nor reclamation) is the 
Red Rock Ranch in the San Joaquin Valley, where agricultural drainage is collected and 
reused to irrigate less salt sensitive crops (personal communication with John Deiner, owner 
of the Red Rock Ranch, April 2007) . 

Conversely, recycling and reclamation necessarily involve by definition water treatment, 
whether it is secondary, tertiary or advanced. The level of treatment will depend on the quality 
of the intake, the end-use purpose and the current law (Newcom, 2004). The same concept 
applies to paper, plastic or glass recycling, where the waste must undergo a physical and 
chemical process before being ready to be used again.  

Although water recycling and reclamation are frequently used interchangeably, some authors 
consider a certain nuance between both terms (www.melbournewater.com.au):   

− Recycled water is a generic term for water that is suitable for a controlled use as a 
result of treatment of waste. This use would otherwise not occur. 

− Reclaimed water is a more specific term for water going to waste that is reclaimed 
to be used in a different industry (e.g. agricultural irrigation of treated urban 
sewage effluent which would normally go out to sea). 

It should be noted that California is the only US state that uses the term “water recycling” to 
refer to treated wastewater used as water supply. In fact, the rest of the US consider that the 
term “recycling” may lead to misunderstanding as it could also refer to the consecutive use of 
water within one same facility (“re-circulation”), as it typically occurs in energy plants or 
manufacturing industries (personal communication with Professor Rafael Mujeriego, January 
9th, 2008). However, in California water reclamation and water recycling are often used as 
umbrella terms including treatment, storage, conveyance and reuse of wastewater (DWR 
Recycled Water Task Force Final Report, 2003). 

Spanish regulation makes a clear difference between the two basic steps involved in 
wastewater reuse (or reclamation): treatment and distribution. Both actions entail different 
costs and are subject to different specific regulations. 



 

 

53Comparative water management practices in California and Spain 

First, wastewater must be made suitable to be used again a as a source of supply. Therefore, 
wastewater must be treated to the point where its quality meets the required standards for each 
specific use. In Spain, this treatment process is referred to as “regeneración” while English-
speaking authors use the terms water reclamation and/or water recycling. This process entails 
treatment costs that depend on the quality of the intake and the quality level of the final 
product.  

Second, treated wastewater (reclaimed water or “agua regenerada”) must be made available 
for its use. Thus, reclaimed water must be conveyed and distributed from the treatment plant 
to its final point of use. This is what Spanish authors call “reutilización planificada del agua” 
and in English it is referred to as water (or wastewater) reuse (Mujeriego, 2007 a).  The costs 
drivers of this process are basically distance and head loss between the reclamation plant and 
the application point  

6.2. Recycled Water Regulation 

State discharge standards and specific uses of recycled water are regulated by the Title 22 of 
the California Code of Regulations. Under requirement of the Title 22, the Department of 
Health Services (DHS) develops bacteriological and treatment standards for each level of 
recycled water. Based on the criteria established by the DHS, the State Water Control Board 
(SWCB) issues permits to each water recycling project through one of its nine Regional 
Water Quality Control Boards (RWQCB). Therefore, water quality protections as well as 
public health protections are guaranteed by the enforcement of the RWQCB permits including 
the DHS criteria.  

The DHS’s “Purple Book” summarizes laws related to recycled water from the Health and 
Safety Code, Water Code, and Titles 22 and 17 of the California Code of Regulations and is 
meant to be an aid to department’s staff within the Drinking Water Program (DHS, 2001). 
These laws have been approved elsewhere around the world as official standards or have 
served as basis for the development of other countries’ own regulations (ATSE, 2004).  

The latest revision of the Title 22 (2000) lists 40 specific uses allowed with disinfected 
tertiary recycled water, 24 with disinfected secondary recycled water and seven with 
undisinfected secondary recycled water (e.g. landscape and food crop irrigation, decorative 
and recreational impoundments, air conditioning, flushing toilets on commercial buildings) 
(Newcom, 2004) 

The basic principle of recycled water rights states that whoever owns the wastewater 
reclamation plant consequently owns the right to the effluent and therefore, should be able to 
sell it to any interested customer for beneficial use. Nevertheless, this may lead to conflict 
situations where two different agencies (usually the local water and sanitation districts) 
happen to supply water to the same group of customers. Such is the case of the Contra Costa 
Water District (CCWD), a public water agency delivering drinking water to over half a 
million people in Northern California. Within the CCWD service area around 34,000 m3/day 
of wastewater are recycled by the Contra Costa County Sanitation Water District (CCCSD), 
which makes them available to oil refineries and power plants at a lower rate than drinking 
water. Thus, the Sanitation district is in a certain way taking away customers from the Water 
District, which initially was the only agency entitled to sell water for beneficial use in the 
area. However, in recognition of the benefits of water recycling, the CCWD allows the 
CCCSD to legally sell reclaimed water within its division in exchange for a fee that partly 
compensates the District’s loses in sales (personal communication with CCWD).    
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6.3. Benefits and drawbacks of recycled water 

A lot has been said about the benefits and disadvantages of using recycled wastewater for 
further applications. Just as it occurs with water transfers and seawater desalination, numerous 
stakeholders are opposed to recycled water. However, in this case, not only the environment is 
in stake, but also human health. Before approving or ruling out any water reclamation project 
policymakers must thoroughly evaluate all the potential benefits and drawbacks.     

6.3.1. Benefits  
Some of the economic and environmental benefits of water recycling that should be 
highlighted are:  

− Increased reliability during dry periods. Recycled water is potentially available 
whenever there is use of drinking water. Therefore, during dry seasons (summer) when 
water demand rises, the availability of wastewater to be recycled increases 
consequently.    

− Increased drinking water supply. Although recycled water is not currently used as a 
source of drinking water, using reclaimed water translates to the increased availability 
of potable water that would have been used otherwise. 

− Enhanced crop fertilizing. Recycled water has a typically higher nutrient content than 
drinking water (Melbourne Water 2003) and therefore may result in enhanced fertilizing 
when such nutrients are beneficial for agriculture soil. A crop simulation model 
developed by the Agricultural Production System Research Unit (APSRU) in 
Queensland, Australia, showed that irrigating with recycled water resulted not only in 
increased crop yields but also in reduced crop volatility in several cases. (Pyper, 2003).   

− Avoid the construction of additional sewer facilities. Whenever wastewater is used for 
recycling, it leaves the sewer system and therefore reduces the need for large 
conveyance and treatment infrastructures.  

− Recovery of treatment and conveyance costs. Within a traditional supply scheme, water 
users pay both for potable water and sewer treatment and conveyance. In contrast, when 
reclaimed water is supplied for beneficial uses, recycling costs can be shared by the 
former uses and the next customers.  

− Reduction of drinking water infrastructures and dependency on imported water. By 
using reclaimed water, users increase their local supplies eliminating the need for 
imported water. As a result, less conveyance infrastructures and pumping energy is 
required.  

− Reduced contamination of water bodies traditionally used as discharge points. Using 
recycled water for irrigation or groundwater replenishment returns water to the 
environment without increasing the presence of contaminants in streams that are used as 
source of supply downstream (e.g. Colorado and Mississippi Rivers)   
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6.3.2. Drawbacks 
Despite having numerous benefits, water recycling has significant drawbacks to its wider 
development:  

− Risk for human health due to emerging contaminants. Although thorough analyses 
on reclaimed water try to detect any potentially hazardous component in the plant 
effluent, wastewater may contain new chemicals that cannot currently be detected. 
For example, the pharmaceutical industry develops new products much faster than 
they can possibly be regulated. The potential impact of these emerging contaminants 
on human health is still indeterminate, but could be very harmful specially resulting 
when different incompatible products are combined. 

− Opposition of the public. The use of reclaimed water for indirect potable use 
generates deep public concerns, which, on occasion, have been strong enough to rule 
out initially approved water recycling projects.   

− Need for dual pipeline system. Recycled water requires its own storage, conveyance 
and distribution system, which results in double capital and maintenance costs and 
the risk of accidental cross-connections between both networks. 

− Limitation of irrigation use due to dissolved salts. Reclaimed water with high salinity 
content may not be suitable for agricultural purposes, particularly on salt-sensible 
crops, while salt removal through MF/RO treatment is not affordable by farmers.  

− Accumulation of salts or specific ions in soil and groundwater. When salty reclaimed 
water percolates to groundwater basins, it may either leave behind or carry salts or 
specific ions that could contaminate the soil and/or the aquifer.  

− Brine disposal. As it occurs with desalination plants, water recycling facilities using 
membrane treatment require safe brine disposal.  

− Need for appropriate regulation. Water recycling processes, standard qualities, 
applications, etc need to be thoroughly regulated, which obviously takes a significant 
bureaucratic effort from several institutional bodies such as California Legislature, 
the Department of Health Services (DHS), the Department of Water Resources 
(DWR), State Water Resources Control Board (SWRCB), the Environmental 
Protection Agency (EPA), etc. 

− Reduced stream flow. Sometimes secondary (or tertiary) treated wastewater is 
discharged into surface streams for environmental beneficial use. Therefore, 
diverting wastewater for recycling in these cases may cause a negative impact 
downstream by reducing downstream flow. 

− Overlapping between Sanitation and Water agencies. Reclaimed water is usually 
delivered to customers by the sanitation or recycling water agency, which may 
generate a conflict due to the fact that they are selling water for human use (e.g. 
irrigation and industrial applications) in an area where traditionally only the existing 
water agency is entitled to do so. 

− Surplus water supply during wet seasons. When enough surface water is available, it 
may not be worth supplying reclaimed water due to its high cost. As a consequence, 
water reclamation plants may be put in standby during surplus periods, which is 
highly inefficient because it extends capital costs’ pay off time and involves 
maintenance costs without generating any benefits.   
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6.4. Integrated Water Supply and Sanitation services 

The first water reuse experiences in California took place in 1890, when untreated wastewater 
was used for irrigation proposes. This also happened in many other regions of the world 
including densely populated urban areas such as the city of Paris. Actually, before the first 
wastewater treatment plant was opened in 1930, Paris’ wastewater was conveyed through the 
sewer system towards spreading basins and large agricultural areas in the banks of the Seine 
River west from the city.  

Actually, the French were one of the first to integrate both supply and sanitation as one only 
municipal service called “service de l’eau et de l’assainissement”. Today, on average 51% of 
the price water users pay in France (�2.71/m3) corresponds to sanitation costs (EauFrance web 
site).   

In Spain integrated management of water supply and sanitation services is provided by public 
agencies at the level of Autonomous Communities (e.g Catalonia’s Agència Catalana de 
l’Aigua). Like in France, urban water bill in Spain integrates the costs of water supply and 
sanitation as a function of the amount of water used by each customer.    

Conversely, in California water supply and sanitation services are managed completely 
separated. Californian Sanitation Districts are funded 100 percent from property taxes and 
does not collect user fees (ACWA. The Governor’s Local Government Financing Reform 
Package: Questions and Answers. 11 July 2006).   

Many experiences around the world have proved that efficient integrated management of 
water supply and sewer systems results in reduction of capital costs, as well as optimization of 
the networks. Pilot studies developed by the New South Wales Department of Land and 
Water Conservation (Australia) showed that integrated systems can identify opportunities that 
are not apparent when water supply and sewer are operated separately. As a result water 
agencies and users benefit from better-integrated, more sustainable solutions, and substantial 
cost savings (Anderson, 2003). 

The Directive 2000/60/EC of the European Parliament and of the Council integrates both 
water supply and sanitation services into “water services”, defined as: all services which 
provide, for households, public institutions or any economic activity: (a) abstraction, 
impoundment, storage, treatment and distribution of surface water or groundwater, (b) waste-
water collection and treatment facilities which subsequently discharge into surface water 
(European Union- EU, Water Framework Directive, 2000) 

California Water Agencies have shown their will to collaborate with each other to promote 
sustainable water use while protecting the environment. The Association of California Water 
Agencies (ACWA) was created in 1910 and today is the largest coalition of public water 
agencies in the country. Its nearly 450 public agency members collectively are responsible for 
90% of the water delivered to cities, farms and businesses in California (ACWA website). 
Likewise, California Association of Sanitation Agencies promotes partnerships on wastewater 
issues with other organizations, so that sound public health and environmental goals may be 
achieved. 

Although California is far from the Integrated Water and Sanitation management model 
existing in France and Spain, it is worth noting that there is indeed some interaction between 
agencies providing different services. The Bay Area Clean Water Agencies is an example of a 
local association that includes sanitation and water supply member agencies.  

Water and Sanitation Agencies Associations have worked together in a couple of occasions. 
Representatives of ACWA and CASA, among other associations, met January 6 2005 with 



 

 

57Comparative water management practices in California and Spain 

officials from the California State Controller’s Office and Department of Finance to review 
the calculations used for special districts as part of the property tax shift. Moreover, on March 
21, 2005 ACWA and CASA sent a joint letter to Congressman Mike Thompson (D-Napa 
Valley) supporting his interest in reforming the citizen suits provision of the Clean Water Act. 
(ACWA eNewsletter January 12, 2005 and March 23, 2005)  

6.5. Water Recycling in California and Spain 

By 1910, 24 out of the 35 Californian communities using wastewater for farm irrigation were 
applying septic tank treatment. Forty years later there were already 107 wastewater irrigated 
areas and by 1970 the first comprehensive statewide estimate showed that California recycled 
216 hm3. Within the following decades, water recycling ramped up to 496 hm3 in 2000. 
Today urban water reclamation is estimated to be within a range of 555 hm3 to 715 hm3 per 
year (5,3% to 6,8% of total urban water use) according to DWR. that Total water reuse, 
including other sources other than urban water, is 863 hm3/year (Newcom, 2004) or 1,9% of 
total water use in California. According to DWR (personal communication with DWR), 
California’s annual projected recycled water deliveries by 2010 are 1,050 hm3 to 1,520 hm3 
and 2,100 hm3 to 2,760 hm3 by 2030. 

As regards water reclamation in Spain, in 2005 planned wastewater recycling was 454 hm3, 
accounting for 2.0% of total water supply.   

Reclaimed water is dedicated to several different purposes, among which agricultural 
irrigation is the most significant, followed by environment enhancement and landscaping. 
Uses of recycled water in California and Spain are shown in Table 15 

Table 15. Uses of recycled water in California and Spain. 
 California Spain 

   

Volume of recycled water (hm3/year) 863 454 

Percentage of total water supply 1.9% 2.1% 
Use of recycled water   

Agricultural Irrigation 46% 89% 
Landscape Irrigation 21% 2% 
Recreational Impoundments 6% 6% 
Industrial Reuses 5% 1% 
Environment Enhancement 19% 2% 

Groundwater Recharge 10%  
Habitat Restoration 4%  
Seawater Barrier 5%  

Other 3% - 

Source: DWR 2005, INE 2005 

 

The most significant difference regarding the use of recycled water in both countries is the 
portion dedicated to agricultural purposes: Spain uses almost all of its reclaimed water for 
irrigation, whereas California dedicates less than half. The remainder is used mostly for 
landscaping and environment improvement, around twenty percent each; unlike in Spain 
where the portion of recycled water dedicated to these two activities is ten times smaller.  In 
Cataluña environment enhancement accounts for 64% of total recycled water uses and 
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recreational purposes for 21%, while only 13% is uses for farming and 2% for municipal uses 
(ACA, 2005). 

Regarding agricultural uses, in California at least twenty varieties of food crops and eleven of 
non-food crops are irrigated with reclaimed wastewater. Landscape irrigation is essentially for 
golf courses (125 throughout the State), public parks, schoolyards and freeways. Industrial 
and commercial activities using reclaimed water include cooling towers in power plants, 
boiler feed water in oil refineries, newspaper processing and laundries. Finally, a small 
amount of wastewater is reused in office buildings for toilet flushing (DWR, 2003). 

Following the specifications established by the Title 22 of the California Code of Regulations, 
the city of Vitoria-Gasteiz, in northern Spain, launched an innovative water recycling and 
reuse project for agricultural irrigation in 1995. The plant has a capacity of 35,000 m3/year 
and its effluent is used to irrigate 10,000 hectares of a variety of food and non-food crops 
during the summer season once every three years. 

6.6. Orange County’s Groundwater Replenishment System (GWRS) 

The Orange County Water District (OCWD) is a public agency located in Southern 
California, between LA and San Diego counties, whose role is to manage the underlying 
aquifer and water to local customers. The OCWD supplies over 330 hm3 of groundwater 
annually to 23 water agencies and cities serving 2.3 million people, which covers three 
quarters of their water demand. In order to recharge the water that is pumped from the wells, 
the OCWD carries out artificial recharge for 370 hm3/year through nine spreading ponds, over 
an area of 650 hectares. About half the water used for replenishment operations comes from 
storm runoff and diverted streamflow from the Santa Ana River that would otherwise run into 
the ocean. The rest of the replenishment water is mostly imported from the Colorado River 
and the State Water Project. Although surface sources could be able to meet the recharge 
demands, OCWD has developed and innovative project to recharge the aquifer with 50 to 100 
hm3/year of municipal reclaimed water. 

OCWD first carried out conjunctive use activities using recycled water in 1976, when treated 
wastewater from the pioneering Water Factory 21 reclamation facility was injected into the 
coastal barrier to protect the aquifer from seawater intrusion. The barrier consists of a strip of 
water kept under pressure by injection wells along the Orange County coast.  Water Factory 
21 had a reclamation capacity of 20 hm3/year and was able to produce up to 30 hm3/year by 
blending recycled water with fresh water from the wells. Besides the seawater barrier, 
reclaimed water was used to replenish the Orange County aquifer. Actually, the reclamation 
plant produced enough water to cover 65% of the replenishment need of the seawater barrier 
and the aquifer. However in the late 90’s, after 25 years of service, the plant’s performance 
had dropped up to the point where it could only supply 35% of the required recharge water. 
Therefore, in 1999 the OCWD launched a new reclamation project, the Groundwater 
Replenishment System (GWRS), which was entitled to become Water Factor 21’s substitute. 
OCWD kept the old plant operational until 2004, while the new Advanced Water Purification 
Facility is scheduled to be on line in November 2007. During the three-year gap of time, 
OCWD has been importing extra water to cover its recharge needs at a rate of $0.422/m3 
(personal communication with OCWD).  

6.6.1. Groundwater Replenishment System (GWRS) facilities 
The GWRS is the result of a conjunctive effort between the OCWD and the Orange County 
Sanitation District (OCSD). Once the GWRS will be in operation, the OCSD will deliver 
almost 140 hm3/year (378,500 m3/day) of secondary treated wastewater to the OCWD free of 
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charge, while another 200 hm3/year will be dumped into the ocean. The Advanced Water 
Purification Facility’s effluent will meet the drinking water standards of Total Organic 
Carbon (TOC) 0,5mg/l and Total Nitrogen (TN) below 5 mg/l (personal communication with 
OCWD).  

The plant’s production capacity is 265,000 m3/day (almost 100 hm3/year), which may be 
extended in the future up to 567,800 m3/day. The amount of reclaimed water will be 
equivalent to the urban water demand of 330,000 to 700,000 people. Half of the reclaimed 
water will be injected into the seawater barrier, whereas the remainder will be conveyed to the 
spreading basis where it will blend with surface streamflow before percolating into the 
aquifer. Reclaimed water will only account for 10 to 20% of total recharge flow depending of 
the facility’s production. As a result, possibly remaining hazardous compounds will be diluted 
up to 1/10 of their initial concentration. 

The Kramer Basin will be the object of an experimental groundwater replenishment operation 
receiving exclusively water from the Advanced Water Purification Facility. Pumping 
groundwater originally coming from the Kramer Basin will not be allowed within 610m from 
the recharge point. Because of the soil conditions, it will take about six years for the water to 
travel the established security distance.   

The reclamation plant will use a cutting-edge three-step process of microfiltration, reverse 
osmosis and ultraviolet light and hydrogen peroxide treatment techniques.  

• Microfiltration (MF) will be able to eliminate any suspended particles, protozoa, 
bacteria and viruses up to 0,2 microns in diameter through a low-pressure membrane 
process. There will be a total of 26 MF basins and the recovery rate will be 89%. 
Microfiltration basins can be seen in Figures 10 and 11.  

 

 

Figure 10. Microfiltration vessels 
 

 
Figure 11. MF basins and backwash water 

recovery pipes

• Reverse Osmosis (RO) will remove almost all remaining solids and microorganisms 
through a system of hundreds of high-pressure vessels (Figure 12) at a recovery rate 
of 85%. Energy used in pressurizing water will be partly reused thanks to the energy 
recovery systems (Figure 13). 
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Figure 12. RO vessels 

 

Figure 13. Energy recovery system

 

• Disinfection processes will consist of a combination of ultraviolet light (UV) 
exposure and addition of hydrogen peroxide that creates an advanced oxidation 
reaction and thus the accelerated decomposition of organic compounds (Figure 14). 

 

    
Figure 14. UV light disinfection system 

6.6.2. Costs and funding of the GWRS 
OCWD estimates that the GWRS will be able to produced reclaimed water for about 
$0.386/m3 to $0,426/m3, although the final cost will largely vary with the amount of water 
treated. The OCWD provides a detailed list of the GWRS O&M and Capital Costs 
(http://www.gwrsystem.com/about/pdf/0503gwrs_cost_paper.pdf). Based on the available 
data, a unit cost of $0.477/m3 has been calculated for a 265,000 m3/day production capacity 
(see Table 16). 

The construction of the GWRS is financed by OCWD and Orange County Sanitation District 
(OCSD) plus a variety of grants. Both districts contribute equally for a total of $394 million, 
partly obtained through low-interest state loans. The remaining $92.5 million were provided 
by the State Water Bond (Proposition 13) approved by California voters in 2000 ($37 
million), DWR ($30 million), Reclamation ($20 million), the State Water Resources Control 
Board ($5 million) and the Environmental Protection Agency – EPA ($0.5 million). The 
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California Energy Commission has also provided a certain amount of funding during the 
project design phase (OCWD 2007).  

Table 16. GWRS Estimated costs 

Estimated O&M Costs for 2007  $ Millions 
per year Estimated Capital Costs  $ 

Million  

Power ($0.10 per kWh)  11,5 Advanced Water Purification 
Facilities 

305,3  

Contract maintenance 0,4 21km pipeline from Fountain 
Valley to Anaheim  

64,2  

Chemicals  5,4 Barrier Facilities  17,1  
Plant refurbishment  1,2 GWR System Phase One facility 20,6  
Membrane replacement  2,8 Design 30,9  

Ultraviolet lamp replacement 0,3 Integrated information system, 
wells, workshops, insurance  16,9  

Compliance monitoring  1,5 Construction management  13,8  
Labor  3,6 Administration  15,6  
  Program contingency  2,5  
     
Total Annual O&M costs  26,7 Total Capital Costs 487  
     
 O&M  Capital Total 
Calculated unit cost ($/m3) 0,276  0,201* 0,477 
*Based on a 25-year lifetime    

Data from OCWD     

 

Once the plant will be on line, all Operations and Maintenance costs will be assumed entirely 
by OCWD. However, MWD will subsidize reclaimed water production costs with a $3.8 
million annual grant over a 23-year period.  

6.7. West Basin Municipal Water District  

The West Basin Municipal Water District is a public agency serving almost one million 
people over 480 km2 in the coastal area south from Los Angeles City. The West Basin 
provides water to 900,000 people through 13 local retail agencies, cities and private utilities 
and water districts, while it purchases 80% of its supply from MWD. Nonetheless, West 
Basin aims to reduce the amount of imported water by 40% within the year 2015. In order to 
increase local supply, the district launched the Drought-Proof 2000 campaign that consists of 
an outstanding diversified portfolio including conservation measures, desalination and 
particularly recycling. Actually, the West Basin owns and runs one of the largest reclamation 
facilities in the country and the only one capable of providing five different effluent quality 
levels. 

In 1992, the district received state and federal funding to build the West Basin Water 
Recycling Facility (WBWRF) in the city of El Segundo, five kilometers south from Los 
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Angeles airport. The West Basin recycling plant was inaugurated three years later and has 
gone through three enlargement phases. The last expansion project, Phase IV was completed 
early 2007 and includes an innovative solar power generation system (see Figure 15). West 
Basin’s solar panels occupy a surface of 5.6 thousand square meters and generate 783,000 
kWh per year, accounting for 10% of the facility’s power demands. 

 

 
Figure 15. WBWRF solar panels 

The WBWRF receives secondary treated wastewater and then applies tertiary treatment 
through different methods in order to obtain five different quality levels. The plant influent 
comes from the nearby wastewater Hyperion treatment plant (belonging to the City of LA 
Bureau of Sanitation), which treats 1.3 million cubic meters per day, of which 189,400 are 
delivered to the WBWRF for reclamation, whereas the remainder is discharged into the ocean.  

6.7.1. West Basin’s five qualities of recycled water. 
As mentioned, recycled water may be used in many different ways, from indirect potable use 
to landscape enhancement. It stands to reason that water quality requirements vary for every 
use and are obviously higher when human health may be put at risk. Thus, for each final use, 
the quality of the effluent, as well as the adequate treatment process must be defined. Higher 
quality effluent allows a larger range of application, but also requires more advanced and 
therefore more expensive treatment processes. Consequently, wastewater recycling projects 
usually aim either for a high quality product suitable for a number of different purposes or for 
less advanced treatment involving limited use (Mujeriego, 2007 a).     

The West Basin Water Recycling Plant represents a significant innovation in this sense 
because it produces recycled water at five different levels of treatment, which allows the 
District to diversify its range of users and best match each of its customer’s needs. In order to 
carry out the different treatment processes, the facility has two separate lines of treatment: the 
“Title 22” Treatment Process and the Barrier Treatment Process. 

The “Title 22” process consists of a series of different physical and chemical treatments 
whose final product is disinfected tertiary water. The process starts by a flocculation and 
clarification pretreatment that takes places in the High Rate Clarifier by adding a polymer and 
ferric chloride, which gives the water a brownish color. Pre-treated High Rate Clarifier 
(PTHRC) effluent then percolates through a through a five meter deep anthracite coal filter 
and finally is disinfected in the chlorination basin. Figure 16 shows three samples of the plant 
influent, the PTHRC effluent and the final T-22 product. As a subproduct, the “Title 22” 
process daily generates 40 tones of solid waste (sludge cake), which is mostly used as landfill 
cover. 
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Influent PTHRC effl. T-22 Product
 

Figure 16. T-22 process: influent PTHRC effluent and T-22 product 

“Title 22” process treats a total of 113,600 m3/day (41 hm3/year) in order to produce 
reclaimed water at two different quality levels: 

− Disinfected Tertiary Water for industrial and irrigation uses. This product may be 
conditioned to allow it to penetrate the soil more effectively, which makes it 
especially suitable for sports turf (amended tertiary water). The main customers for 
T-22 product are the Home Depot National Training Center, California State 
University Dominguez Hills and the Victoria Golf Course & Regional Park. 

− Nitrified tertiary water: tertiary water that has been nitrified to remove ammonia for 
industrial cooling towers.  

The second line of water recycling is the Barrier process, which involves membrane treatment 
including Microfiltration (MF) and Reverse Osmosis (RO). The resulting product has two 
fundamental applications: 1) seawater barrier recharge, 2) feed for industrial boilers. After 
undergoing MF and RO treatment, water for the barrier is disinfected by adding hydrogen 
peroxide and by being exposed to UV light (see Figure 17). 

Membrane treated water that will be used for industrial purposes is not disinfected because it 
is required to minimize the amount of dissolved products. Therefore, secondary treated water 
undergoes RO treatment through tighter and higher quality membranes than water used for the 
barrier.   

In the past, the WBWRF membrane treatment process included a lime clarification pre-
treatment. The old configuration consisted of a lime softening, recarbonation and multi-media 
filtration previous to the RO phase. The conventional lime clarifier produced a large quantity 
of sludge and was unable to efficiently remove particles that could plug the RO membranes. 
Moreover, the system was difficult to operate and was more expensive than current 
Microfiltration. MF treatment achieves a silt density index (SDI) of less than three, versus an 
SDI of five with conventional lime clarification technology The SDI determines the decline in 
filtration rate of a membrane filter and in effect is an indirect measure of all suspended solids, 
bacterial, and colloidal matter (Reverse Osmosis Chemicals International). As a result, lower 
membrane saturation and fewer backwash cleaning allow a significant reduction in operating 
costs and also extend RO membrane life (Shoenberger & Sorgini, 2007). Moreover, the new 
MF/RO method requires less chemicals, less energy and produces almost no sludge (rejected 
water from the MF and brine from the RO processes are conveyed back to the Sanitation 
plant). Thus, West Basin was able to reduce the cost of pre-treatment from $0,434 to $0,225 
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per cubic meter and the pressure in the system from 2,2 MPa to 1,3 MPa, which translates to 
important energy savings.  

 

 
Figure 17. Barrier product 

Water demand for outdoor use is usually lower during the winter and wet seasons. Therefore, 
facilities that provide water only for landscape irrigation purposes may struggle to find 
customers whenever there is enough fresh water available. West Basin has diversified the 
range of recycled water customers, and therefore, even though demand for one of the uses 
drops, the plant would still be operating to supply the other four. Conversely, in Spain  
agriculture is the only major customer for reclaimed water. In the hypothetical case where 
farmers found a cheaper source of water supply, for example a river transfer, demand for 
recycled water would rapidly drop and recycling plants should be then put into standby mode. 
A similar phenomenon occurred with desalting facilities in Santa Barbara (California) and 
Carboneras (Spain). 

6.7.2. Seawater barrier recharge 
The West Basin Municipal Water District provides 37,900 m3/day of softened RO treated 
wastewater to the Water Replenishment System of Southern California in order to be injected 
in the Central and West Coast Basins (CWCB) and therefore prevent seawater intrusion. 
Currently, water penetrating into the groundwater table is blended at 25% with imported 
water from MWD, although within the next ten years the district expects to produce enough 
recycled water to cover 100% of the recharge demand 

There are two CWCB groundwater basins, The Central Basin (CB) and the West Coast Basin 
(WCB), and together they cover an area of over one thousand square kilometers south from 
City of LA. The aquifers are approximately 300 m deep and are comprised of Quaternaryage 
sediments (less than 1.8 million years old) of sand (first 60 m), gravel (approximately from -
60 to -180 m), silt and clay. Underlying these Quaternary sediments are basement rocks such 
as the Pliocene Pico Formation that generally do not provide sufficient quantities of 
groundwater for pumping. The Central Basin consists of a series of confined aquifers that 
receive relatively minimal recharge from surface water but on the other hand, they are 
replenished from the up-gradient forebay areas and the adjacent groundwater basins. Aquifers 
in the West Coast Basin are generally confined and receive their natural recharge mostly from 
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neighbor basins or from the ocean, which involves potential seawater intrusion (Water 
Replenishment System of Southern California). 

Currently there are three seawater barrier projects, two within the WCB (West Coast Barrier 
with 153 wells and the Dominguez Gap Barrier with 41 Wells) and one located in the south 
east corner of the CB (Los Alamitos Barrier with 35 wells) 

6.7.3. Costs of West Basin Water Recycling Facility  
Costs of recycled water within the WBWRF vary largely depending on the applied treatment 
and the target quality. Recycled water production and rates for each of the five different final 
products are shown in Table 17. Data on differentiated costs by capital investment and O&M 
(energy, chemicals, labor, etc) was not available. 

Table 17. Production and rates of recycled West Basin water 

Process Product Application Sales (hm3) 
in FY 06/07  

Rates ($/m3) 
for FY 07/08 

Disinfected tertiary (T-22) Parks Turfs Irrigation 4,7 0,249 -0,298* Clarification/
Filtration Nitrified Cooling towers 10,2 0,281 

Softened RO Barrier/GW Injection 11,2 0,357 

RO Low pressure boilers 0,513 MF + RO 

Double RO High pressure boilers 10,0 0,679 
Total  36,1  
*Depends on the volume delivered    
Source: West Basin Municipal Water District 2007   

 

According to the West Basin Water District, rates correspond to the costs of the treatment. T-
22 water is the least expensive product, but it is also the one that has the most restricted 
application range. Conversely, the cost of RO treated water for high-pressure boilers is almost 
three times that of irrigation reclaimed water and becomes close to that of desalted seawater 
(around $0,80/m3). Although feed for boilers is not disinfected, higher quality membranes 
increase the treatment cost beyond that of MF/RO disinfected water for the barrier. Besides, 
the West Basin offers the Water Replenishment System of Southern California water at 
reduced rates as a way of enhancing the use of reclaimed water for environmental purposes.  

WBMWD provides drinking water to local retailers at a rate of $0,467/m3 for Tier-1 (recovers 
the cost water supply) and $0,545/m3 for Tier-2 (includes cost of implementation of water 
efficiency measures).  It is important to note that four out of the five different quality effluents 
is delivered at a lower rate than (imported) drinking water. Within Los Angeles County 60% 
of the urban water supply is used in outdoor uses, which accounts approximately for 480 
liters/person/day. The West Basin serves 900,000 people, meaning that every day 430,000 
cubic meters are sprinkled over parks, lawns and other irrigated urban areas. If all the water 
used for landscaping was supplied by the Water Recycling Facility, and thus purchased at half 
of the price that it is now, Waste Basin customers would save a over $40 million a year. 
However, large and costly conveyance infrastructures would have to be built in order to make 
reclaimed water available at every point where it has a potential application, which would 
probably increase the final sale rate of recycled water. 
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6.8. Water Recycling in the Region of Murcia 

Much has been said about water demand in large urban areas of south-eastern Spain 
especially with regards to irrigation of golf courses. In fact, many opponents to the Ebro 
transfer consider urban landscaping inappropriate in such dry regions and often use this as an 
argument against the transfer. However, within the Murcia Region regional Legislature 
strictly prohibits the irrigation of golf courses with either water transferred from other basis or 
delivered through the public network. Hence, desalination, private wells and water recycling 
are the only sources of supply for Murcia’s nine golf courses. 

It should be noted that the Region of Murcia is the second largest water recycler in Spain in 
terms of direct recycling over collected sewage, as shown in Figure 18. Moreover, combined 
direct and indirect water recycling in Murcia accounts for almost 100% to total collected 
wastewater. The outstanding effort of the Murcia Region is only comparable to that of the 
Canary and Balearic Islands, and the Region of Valencia. 
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Figure 18. Direct water recycling in Spain as a percentage of collected wastewater 

The University of Murcia, Campus de Espinardo, has recently developed an innovative 
environmentally friendly wastewater treatment method that generates no sludge and can 
allocate green areas in the surface. The symbiotic treatment, as it is called, consists of two 
separate areas: a growing grass area near the surface and a water treatment area underground 
(see Figure 19). Wastewater is introduced into the treatment area by drip through a system of 
underground pipelines. The treatment area consists of a 120 cm deep percolation bed made of 
gravel acting as a biological aerobic reactor. Organic matter is thus decomposed into CO2 and 
water. Reclaimed water is captured at the bottom of the gravel area, which is isolated through 
a watertight layer. The symbiotic system has been tested on a population of 25,000 people 
with annual water use 160,000 m3. If fully implemented, the symbiotic treatment facility 
would substitute the current pond system to irrigate a 14 Ha park (J.A. Garcia Ayala, 
Universidad de Murcia). 
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Figure 19. Symbiotic wastewater treatment 

In addition to residential water recycling, the Region of Murcia also carries out industrial 
water reclamation. In 2005 the beer company Estrella de Levante S.A. partnered with the 
Universidad Católica San Antonio (UCAM) to develop a recycling facility that would reclaim 
2,000 m3/day water from the brewery to be used for landscape irrigation and recreational 
purposes. The project will require �100,000 in capital investment. 

6.9. Agricultural Drainage Reuse in the Red Rock Ranch  

It is undeniable that water recycling involves numerous benefits regarding water supply 
reliability and water management in general. However, it is not always necessary to treat used 
water before giving it a second application. Actually, in many industrial processes water is re-
circulated several times within the factory before being discharged. In the San Joaquin Valley, 
the Red Rock Ranch farming facility follows the re-use principle by collecting water from 
agricultural drainage and using sprinkling irrigation to discharge it over cultivated fields. As it 
occurs with municipal wastewater reuse, drainage water is used for different applications 
every time it is re-used. The Red Rock Ranch’s Integrated On-Farm Drainage Management 
(IFDM) Program uses fresh water to irrigate salt-sensitive crops and sequentially re-circulates 
drainage recovery through progressively more tolerant plant species.   

6.9.1. Salinity and the Drainage problem 
Over decades of farming, intensive irrigated fields tend to accumulate salts that are left behind 
when water is evaporated. As a consequence, the land becomes less productive and it can only 
accept a limited variety of crops. In some cases, soil salinity may be so high that the land 
losses its commercial value and therefore is fallowed. In addition, the lands west from Fresno 
(San Joaquin Valley) are rich in selenium, boron and other minerals. Dense loam soil and 
shallow clay layers prevent water from naturally percolating into the aquifer (Red Rock 
Ranch). 
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In the past, these lands were flushed with fresh water to remove the accumulated salts. 
Drainage water was collected from the fields and evacuated through the San Luis Drain for 
disposal into the Bay-Delta waters. However, the Drain was closed in 1986 due to concerns 
about the Bay-Delta environment and selenium contamination of the Kesterson wildlife 
refuge, an artificial wetland environment created with agricultural drainage.  

Without an outlet for cropland drainage, local farmers have very limited options to manage 
soil salinity. In 1992 the Central Valley Project Improvement Act was approved authorizing 
purchase of agricultural land and associated water rights linked to the CVP. Thus, the Bureau 
of Reclamation launched a land retirement program that would take out of production those 
lands that would no longer be suitable for sustainable agriculture or that would result in 
locally increased water quality.  

6.9.2. Integrated On-farm Drainage Management  
In 1986 the Red Rock Ranch initiated its Integrated On-farm Drainage Management, which 
allows efficient farming in areas that would have been otherwise retired. The Pilot Project is 
located 12 km west from the city of Five Points in western Fresno County and covers an area 
of 2,600 km2.  

Three quarters of the farming area are dedicated to high-value salt-sensitive crops such as 
broccoli and lettuce and are irrigated with imported surface water from the California 
Aqueduct. Drainage from the first use is collected by a network of underground pipelines 
(Figure 20) and then blended with fresh water to be used on salt-tolerant crops (e.g. cotton, 
wheat grass and alfalfa seed). In final stages, salt-tolerant species such as forage grasses (third 
stage) and halophytes (forth stage) are irrigated with non-diluted drainage water. Throughout 
the area, 90 percent of subsurface drainage water is re-used. 

Water from the State Water Project has a TDS of 2,000 to 3,000 ppm, whereas at the end of 
the irrigation chain it reaches 30,000 ppm TDS. The types of salt that are present in the soil 
are sodium sulfate and chloride, calcium sulfate and carbonate, sodium carbonate and calcium 
chloride. In addition, there is a certain amount of selenium, which is partly eliminated through 
plants uptake and further volatilization.  

Drainage recovered from the last stage is conveyed to special reservoirs from where it is 
sprinkled in the solar evaporators (Figure 21). Water either returns directly to the atmosphere 
or drops to the bottom of the ponds where it hits a layer of stones at high temperature. Then, it 
evaporates leaving the salts stuck to the stones in dry form (Figure 22). Collected salts may 
have certain commercial applications; some are used to recreate salty environments to 
cultivate living fishing bait. Remaining water is collected and sprinkled until its complete 
evaporation. 
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Figure 20. Drainage water and salt crust 

 
Figure 21. Evaporation pond 

  
Figure 22. Stone covered with salt 
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Integrated On-farm Drainage Management’s Benefits 

The main benefit of the IFDM is reduction of imported water which translates to higher 
reliability of local supply and increased availability of fresh water in the California Aqueduct. 
Additionally, Red Rock Ranch’s drainage management project minimizes and eventually 
eliminates the potential risk of contamination of the environment.   

Reduced soil salinity has allowed the farmers to upgrade from only four kinds of low-value 
crops, to eight different varieties, including high commercial value vegetables. Moreover, 
cotton yields have increased from 1,200 kg/hectare to 2,020 kg/hectare.     

The cost of implementing the tile system is $1,235/hectare.  

6.10.  California Recycled Water Task Force 

In 2001 California Legislature proposed Assembly Bill 331, which required DWR to create an 
assessment committee that would advise the proper department in pursuing water reclamation. 
In October 2001, Governor Davis approved the bill and thus the 40-member 2002 Recycled 
Water Task Force was established.  

The commission is administered by the State Department of Water Resources, while it’s 
chaired by a member of the State Water Resources Control Board. The Task puts together the 
effort of experts from very diverse backgrounds, from environmental scientists, to community 
participants, and representatives from environmental organizations and industry.  

In 2003 the Task Force released its final report, Water Recycling 2030 Recommendations of 
California’s Recycled Water Task Force, identifying opportunities for and constraints to water 
recycling. According to the report, California’s potential use of recycled water by 2030 is 
2,080 hm3/year for planned non-potable use and 450 hm3/year for planned indirect potable 
use. By 2030 total direct recycled water would account for 5.2% of the State’s water supply 
(following current demand trends). 

The Recycled Water Task Force also elaborates on a series of recommendations that would 
improve project management, increase public funding and create a suitable regulatory, among 
many other benefits. The report states that California water institutions should seek further 
federal funding and that a Coordination Committee should be created to orchestrate the 
several funding programs. Moreover, financial support availability should be publicized and 
funding-related information should be easily accessible for potential applicants through 
conferences, the Internet, etc. Regarding the use of public funds, the Task Force highly 
recommends investing not only in research programs, but also in educational curricula and 
general public information. Additionally, the DHS should enhance existing codes regarding 
cross-connections between potable and non-potable water, as well as involve stakeholders in 
the development of well-defined regulations that would cover any potential public health risk. 

6.10.1. Public funding 
In order to pursue research on water recycling and to make this source of supply affordable by 
the customers, water agencies receive a certain amount of public funding coming the Federal 
Government, the State and in some cases from some large wholesalers such as the 
Metropolitan Water District of Southern California. 
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At the federal level, Title 16 of 1992 allows the US Bureau of Reclamation to provide funding 
for water recycling projects up to 25 percent of the total cost. To date, Congress has made 
available over $300 for 21 water reclamation projects, as well as two pilot desalination plants, 
throughout western United States, including in Arizona, California, New Mexico, Nevada, 
Oregon and Utah. Besides, the Clean Water Act (CWA) appropriates additional $400 million 
for the design and construction of wastewater treatment plants in California.  

Additionally, the State Board administrates two loan programs: the State Revolving Fund 
(SRF) and the Water Recycling Fund Program (WRFP) that combined have provided over 
$175 million since 1984. The SRF provides loans at a low-interest rate of one half of the 
interest rate of State general obligation bonds for the planning, design and construction of 
municipal wastewater treatment facilities, including water reclamation. Proposition 204, the 
Safe, Clean, Reliable Water Supply Act (1996) provided $80 million to the SRF for sewage 
treatment facilities. The WRFP is administrated by the State Board’s Office of Water 
Recycling (OWR) and offers low-interest loans for the design and construction of water 
recycling projects. With the passage of Proposition 204, the WRFP received $60 million. In 
addition, planning grants are also made available by the OWR up to $75,000 per study with 
the requirement of half of the costs being supported by the applicant.  

Federal and Sate funding can be requested by a project to the extent that the combined public 
funding does not exceed 45 percent of the total cost.  

In addition, funding for water reclamation projects can also come from a local agency; such is 
the case of the Metropolitan Water District, the State’s larger urban wholesaler. Under the 
umbrella of the Local Resource Program (LRP) MWD will award wastewater recycling and 
groundwater recovery projects with $140 millions in grants over the next 25 years. Just in FY 
04/05, 3490 hm3 of reclaimed water and recovered water were supplied within the MWD’s 
service area, including 1580 hm3 that were directly funded by the district. Additionally, the 
Innovative Supply Program (ISP) made available $250,000 for proposals enhancing regional 
sources of supply including small-scale, decentralized recycling projects. Small-scale 
recycling facilities collect wastewater from nearby sources and deliver it to local users thus 
avoiding the need for costly storage, conveyance and pumping infrastructures. College 
campuses, residential complexes and golf courses, as well as any user distant from a sewage 
treatment plant may largely benefit from a second use of wastewater. It is relevant to point out 
the use of recycled water in golf courses in the Region of Murcia (Spain), which irrigate their 
golf turfs with local reclaimed water coming from adjacent residential buildings following 
thus the same principle as the ISP projects. 

With regard to future potential expansion of recycled water use, The Recycled Water Task 
Force estimates that a total of $11 billion for capital costs will be needed in order to obtain an 
additional 1850 hm3/year by 2030. Therefore, State financial support should be raised beyond 
Proposition 50 to the level of $300 million per year in grants and low-interest loans. In 
addition, it is suggested that a specific bond should be issued by the Legislature for water 
recycling projects and that funds for design, and construction of projects should be 
administered by the SWRCB. In 2001, former Governor Davis’ Advisory Drought Planning 
Panel Critical Water Shortage Contingency Plan suggested that DWR should maximize the 
use of State grants, rather than capitalization loans in order to increase local agencies’ water 
management efficiency (DWR, 2002).  
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6.11.  Costs of Water Recycling 

As it occurs with any other source of drinking water, either traditional surface transfers or 
innovative desalination, conjunctive use or conservation practices, costs of recycled water 
vary widely depending on the availability of local supply, water quality, distance to final 
users, etc. DWR estimates that future prospective water reclamation programs will have a cost 
between $0,243 and $1,054 per cubic meter.  

This paper develops a comparative analysis between three different water reclamation 
projects, two of them located in Southern California (OCWD and West Basin) and one in 
northern Spain (Vitoria-Gasteiz) – see Table 18. 

Table 18. Costs of water recycling 
 OCWD Vitoria-Gasteiz West Basin 
     

Application 
Seawater barrier 
and groundwater 

recharge 

Agricultural 
irrigation 

Landscape 
irrigation 

Seawater 
barrier 

Process MF/RO Clarification, 
filtration 

Clarification, 
filtration MF/RO 

Capacity (m3/day) 265 000 35 000 13 000 31 000 
     
Costs ($/m3)     
Capital Costs 0,201 0,036   
O&M Costs 0,276 0,049   

Power 0,119 0,003   
Chemicals 0,056 0,022   
Labor 0,037 0,014   
Maintenance  0,064 0,007   
Water analyses - 0,004   

     
Total Costs ($/m3) 0,477 0,085 0,276 0,357 

Source: OCWD, West Basin Municipal Water District. Mujeriego 2007. 
 

The most obvious and striking result from the analysis of the above data is the low cost of 
Vitoria-Gasteiz reclaimed water for agricultural irrigation. This is due to the fact that Vitoria-
Gasteiz facility is a mere potable water treatment plant, like a simplified version of the West 
Basin plant with no similar sophisticated operational systems or research laboratories 
(communication with Rafael Mujeriego, 09/28/2007).  

As far as membrane treatment (MF/RO) goes, costs of West Basin’s recycled water for 
seawater barrier are in the same order of magnitude as those of the OCWD’s Advanced Water 
Purification Facility. In both case, recycled water costs are comparable to the rate charged by 
MWD in 2007 for treated water: $0.388/m3 for Tier-1 and $0.465/ m3 for Tier-2. These rates 
will increase in the year 2008 up to $0.412/m3 (Tier 1) and $0.493/ m3 (Tier 2), whereas 
treatment costs are expected to decrease within the next few years due to technology 
improvements.   
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6.12.  Other Reclamation Experiences around the World 

Water recycling is becoming an important source of supply in many regions of the world, 
particularly those which are exposed to strong climate variability and frequent dry and 
eventually drought periods, such as the West of the United States, the Middle East and 
Australia.  

 The Irvine Water Ranch District 

The Irvine Water Ranch District in Southern California makes up 20 percent of its 290,000 
m3/day demand with reclaimed water, which is for used landscape (2,000 ha) and crops (400 
ha) irrigation, as well as toilet flushing in high-rise buildings. (IWRD; J. Anderson, 2003) 
Drinking water demand in buildings served with reclaimed water has dropped by up to 75 
percent, while costs of plumbing due to double-pipeline system have only increased by 9 
percent in buildings over seven stories (ATSE, 2004). 

 Windhoek, Namibia 

In the city of Windhoek, capital of Namibia, the New Goreangab Water Reclamation Plant 
(NGWRP) produces 21,000 m3/day of recycled water used for direct potable use. The 
treatment process consists of powdered activated carbon (PAC) dosing, pre-oxidation and pre-
ozonation, flash mixing, enhanced coagulation and flocculation, dissolved air flotation, dual 
media rapid gravity sand filtration, ozonation, biological activated carbon (BAC) filtration, 
granular activated carbon (GAC) filtration, ultra-filtration (UF), disinfection and stabilization. 
(J. Lahnsteiner and G. Lempert, 2007). The plant effluent if blended up to 50% with fresh 
water in times of water scarcity for short periods of less than three weeks (United Nations 
Environment Programme). However, epidemiological studies have shown no increased 
incidence of illness or disease associated with this water recovery and reuse practice (ATSE, 
2004). 

Australia 

Australia has one of the world’s largest experiences in water reclamation for a variety of 
applications, from irrigation to urban use to industrial processes. The Eraring Power Station at 
Lake Macquarie, 100 km north from Sydney uses 1,2 hm3/year of recycled water as boiler 
feed. Moreover, reclaimed water is used in steel production processes (Port Kembla, 35 to 50 
thousand cubic meters per day) as well as in oil refining facilities, such as the BP plant in 
Luggage Point. Furthermore, Sydney’s metropolitan area has incorporated at least two water 
recycling systems for urban use; one located in Rouse Hill serving about 100,000 people and 
the other one located in Homebush Bay providing up to 7,000 m3/day of recycled stormwater 
and wastewater. The area of Virginia in the State of South Australia, around 30 hm3/year of 
recycled water are used for irrigation of horticultural crops. 

Mexico City, Mexico 

Mexico City reuses 90 percent of its wastewater to irrigate the Valley of Mexico and 90,000 
ha of the Mezquital Valley. Israel recycles over half of its wastewater (280 hm3 out of 500 
hm3 per year), which is used mostly for agricultural irrigation –68% of total recycled water 
(www.mekorot.co.il), including the emblematic The Dan Region Sewer Reclamation Project. 
(Lazarova and Asano).  
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6.13.  Summary and Conclusions 

In this chapter we have analyzed benefits and drawbacks of wastewater recycling as a source 
of supply. Also, we have compared the use of water recycling in Spain and California and we 
have also pointed out some other important experiences around the world. We have analyzed 
costs of recycled water for two plants located in Southern California, West Basin Water 
Recycling Facility (WBWRF) and Orange County’s Groundwater Replenishment System 
(GWRS) and one in Northern Spain, in the city of Vitoria-Gasteiz. Based on our findings, we 
highlight the following results: 

• Water reclamation has numerous benefits including increased local supply reliability, 
reduced sewage facilities and reduced discharge of wastewater to the ocean. 

• Direct water recycling also has very important drawbacks. First, there is a risk to 
human health due to possible presence of hazardous compounds, especially 
pharmaceutical products. Second, the consequent public opposition to (indirect) 
potable use of recycled water. Third, the need for double pipeline systems. 

• Levels of direct wastewater recycling are very similar in California and Spain. 
However, both countries meet only 2% of their total demand with reclaimed 
wastewater. 

• In Spain 90 percent of recycled water is used for agricultural irrigation, unlike in 
California where farming only accounts for half of recycled water demand. The 
remainder is mostly used for landscape irrigation and environmental enhancement.  

• In Southern California water recycling for landscape irrigation, groundwater basins 
and seawater barrier replenishment is preferable to imported water. Recycled water 
for beneficial uses can be produced at 60% of the cost of water delivered by MWD.  

• California has the potential to increase water reclamation by 2,530 hm3/year or 5.2% 
of total supply by year 2030. 

• Following similar a trend to that of California, I estimate Spain’s potential for 
increased wastewater recycling in 1,240 hm3 annually by 2030. This is almost 20% 
more water than the Ebro River transfer would provide.   

• Water recycling for landscape irrigation is the most cost-efficient of all purposes 
since it requires lower level of treatment. 

Bearing in mind above conclusions, we suggest that: 

• Due to its numerous benefits, water recycling should be carried out wherever it would 
be cost-effective and won’t entail a risk for human health or for the environment.  

• Recycling facilities should be installed close to the final users in order to minimize 
the construction of a second pipeline network.  

• Wastewater recycling for landscape irrigation should be maximized because of its 
low cost and additional fertilizing benefits. 

• Following the example of DWR’s California Recycled Water Task Force, the 
Spanish Ministry of Environment should create a special committee to identity 
potential uses of recycled and guide local agencies to carry out the most appropriate 
projects.  
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• Spain should pursue further research on recycling technology to boarder its 
application range.  

• Californian Water and Sanitation agencies should carry out integrated management of 
water supply and sanitation services, as occurs in Spain through the regional water 
agencies at the level of Autonomous Communities. Consequently, ACWA and CASA 
should increase their partnership efforts and join ventures to protect their interests at 
a State and Federal level as they have done in previous occasions.   


