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7. CONJUNCTIVE USE       
 IN CALIFORNIA AND SPAIN 

7.1. Introduction 

Historically surface water and ground water have been managed as two independent sources 
of fresh water, although they are strongly connected by the hydrologic cycle. During dry 
years, many rivers receive base flow from aquifers, whereas under wet weather conditions, 
surface water percolates through the ground and thus recharges the groundwater table. 
Furthermore, man made infrastructures are highly likely to affect surface-ground water 
interaction. For instance, diverting a stream may prevent surplus water from naturally flowing 
underground. On the other hand, overpumping often leads to a drop in the groundwater table 
level and consequently a potential disconnection between the surface flow and the aquifer. 
Groundwater basins can also be artificially replenished by water coming from surface 
reservoirs and agricultural drainage. However, in some cases, agricultural returns may 
become a hazard for the aquifer’s water quality due to high salt concentration.    

Conjunctive use is the coordinated management of surface water and groundwater whose goal 
is to optimize global storage, use and conveyance of these resources. Although there are 
several different methods of operating coupled surface and ground water systems, the basic 
principle lies in using surface water whenever it is available not only for consumption, but 
also for increased replenishment of groundwater basins. As a result, during dry years more 
water is available to be captured from the underground basins.  

Conjunctive management has numerous benefits from several points of view. First, 
conjunctive practices increase total volume, reliability and flexibility of water supply. Unlike 
surface reservoirs, groundwater basins do not require large and costly civil works. In addition, 
losses through evapotranspiration disappear when water is stored underground and water 
quality is improved thanks to the natural filtration process through the soil. In contrast, 
surface reservoirs often develop algae population due to luminous energy coming from solar 
irradiation. Furthermore, artificial replenishment ponds may be arranged to serve as habitats 
for certain species, resulting in valuable enhancement of the environment. In the best-case 
scenario, when soil conditions allow an appropriate groundwater river flow, aquifers can be 
used for conveyance, avoiding the use of surface pipelines and pumping. Besides improving 
drinking water supply, artificial recharge also has significant geotechnical applications, such 
as preventing and/or stopping seawater intrusion and subsidence.  

Despite its numerous advantages, conjunctive use has several drawbacks, especially the lack 
of monitoring and regulation upon groundwater. Traditionally groundwater resources have 
been considered a property right of overlying landowners who are now very reluctant to give 
up their freedom to pump without restriction. In California there is no statewide groundwater 
management program and thus the only applicable law is the state constitutional mandate that 
water must not be wasted or put to a non-beneficial use (Pitzer, 2003). California and Texas 
are the only two states in the nation without comprehensive, statewide groundwater 
regulation. Paradoxically, they are the two largest groundwater users in the country; 
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California consumes 19% of total national groundwater and Texas another 9%. On the other 
hand, California is one of the world’s most important users of conjunctive management tools 
along with Israel. 

The first known artificial recharge of groundwater in California occurred in the south during 
the Spanish mission era in the late 1800’s. In the 1950’s and 1960’s, surface water injection 
served to fight seawater intrusion along the coast of Ventura, Los Angeles and Orange 
counties and also stopped subsidence in City of Long Beach and Santa Clara County. Figure 
23 shows how conjunctive management practices in Santa Clara County virtually stopped 
subsidence and enhanced recovery of groundwater levels (data appear in feet, 1 foot = 
0.3048m). 

 

Source: DWR’s California Water Plan Update 2005. Vol 2, ch 4  
Figure 23. Groundwater elevations and land subsidence in Santa Clara County 

In 2000, DWR created the Conjunctive Water Management Program (CWMP), which aims to 
increase water supply reliability statewide by improving coordinated management of 
groundwater and surface water resources in California through several integrated programs 
(DWR, 2005). 

In contrast, conjunctive use in Spain has not been widely implemented, despite numerous 
studies and proposals on this matter. The volume of total artificial recharge in Spain is 
estimated between 35 and 50 hm3/year, although according to the Institute of Geology and 
Mines (IGME), the maximal volume of water resources that could be obtained by conjunctive 
use is 300-350 hm3/year  

While the Spaniards exported conjunctive use to California, the Arabs performed the first 
artificial recharge experiences in Al-Andalus in the 1000’s-1400’s. Thanks to their 
extraordinary knowledge in hydraulics and hydrology, the Arabs were able to build a system 
to collect snowmelt from the Sierra Nevada into percolating basins, increasing recharge of the 
Alpujarras basin. However, the first modern conjunctive use facilities were not put into 
operation until the 1960’s. 
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7.2.  Groundwater and Surface Water Use 

Unlike surface water, groundwater is spread throughout California, underlying about half of 
the territory. California’s 525 groundwater basins and subbasins’ capacity is approximately 
equivalent to twenty times the amount of water that is held by all the surface reservoirs in the 
state (50,000 hm3). Nonetheless, only 300 to 560 thousand hm3 are potentially usable mostly 
due to non-drinkable water quality or unreachable depth. 

In an average year, California pumps about 18 thousands hm3, which accounts for 
approximately one third of the total drinking water supply. Groundwater use is not constant 
over time, as it varies largely depending on surface water supply availability. Thus, during 
wet seasons groundwater use may decline to 10 to 20 %, whereas in dry years it can cover up 
to 56% percent of total demand (Jenkins et al. 2004). It is relevant to mention that some areas 
in the Central Coast and Central Valley, including the cities of Fresno and Bakersfield, rely 
entirely, or almost entirely, on groundwater to fulfill their drinking water needs. Seventy 
percent of the total volume of groundwater is pumped for agriculture.  

Currently, there is no accurate information about the overdraft situation in California. The 
latest statewide assessment was carried out in 1980, when Bulletin 118-80, Ground Water 
Basins in California, identified eleven critically overdrafted basins. The California Water Plan 
Update, Bulletin 160-98 (DWR 1998) estimated that groundwater overdraft in 1995 was over 
1,800 hm3/year, mostly occurring in the Tulare Lake, San Joaquin River, and Central Coast 
hydrologic regions. Unfortunately, DWR could not carry out a full re-evaluation of Bulletin 
118 – Update 2003 due to a lack of funding. Based on previous studies and regional data, 
DWR estimates California’s current overdraft between 1,200 and 1,400 hm3 annually. 

California and Spain have strong similarities regarding their groundwater resources (Table 
19). Spain’s annual available groundwater volume is about 300,000 hm3 and is distributed 
amongst 700 bodies of groundwater, underlying 70 percent of the country. With regards to 
surface storage, Spain has around 1,500 dams holding over 54 thousand hm3. Nevertheless, 
due to a lack of rainfall (or bad infrastructure planning), over the past nine years the average 
stored volume was only 25 thousand hm3. It should be pointed out that Spain is the country 
with the largest number of dams in Europe and the fifth largest number of dams in the world.  

In Spain, approximately one quarter of total water supply comes from underground (about 
5,800 hm3/year), and is mostly used for irrigation purposes (70 percent of total groundwater), 
while only 25% is delivered to urban customers and 5% to industrial users. 

Word-wide groundwater pumping is about 600 to 700 thousand hm3/year and follows similar 
user-distributions to those of California and Spain: 70% agriculture, 25% urban and 5% 
industrial uses. 

Custodio (2000) points out that there are 51 overdrafted groundwater basins in Spain and that 
total national pumping exceeds recharge by 700 hm3/year. Overuse of Murcia aquifers 
(mostly Guadalentin river basin) and La Mancha Occidental aquifers each account for one 
third of the total deficit, while the remaining one third typically comes from Alacant 
(Vinalopó river basin) and Almería (Dalías and Níjar) and occasionally from the Balearic and 
Canary Islands.   
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Table 19. Groundwater use in California and Spain 
 California Spain 
Surface storage capacity (hm3) 52,400 54,100 
Available groundwater (hm3) 432,000 300,000 
Average groundwater pumping (hm3/year) 18,500 5,800 
Average groundwater supply (% of total) 30% 25% 
Estimated groundwater overuse (hm3/year) 1,200 -1,400 700 
Percentage of groundwater used for agriculture  69% 74% 
Use of Artificial Recharge – AR (hm3/year) 3,000 50 
% of AR over Total Supply 6.6% 0.2% 

Data from DWR, Pitzer 2003, Fernandez 2005, Jenkins 2004  
 

7.3. Conjunctive Use Projects in California 

As previously mentioned, California is one of the world’s largest user of conjunctive 
management, if not the largest. Annual and inter-annual climate variability in California has 
forced the search for alternative water management tools. California’s geology is very 
adequate for the construction of groundwater storage facilities. However, the other key reason 
why Central and Southern California have invested in increasing local water availability is 
their strong dependence on the Sacramento-San Joaquin Delta.  In fact, the Delta is affected 
by a number of factors that make it partially unreliable, including earthquake hazard, 
inadequate conveyance facilities, endangered species issues, insufficient storage further south, 
etc. 

There are two fundamental ways of water banking: direct recharge and “in-lieu” recharge. 
The former consists of recharging aquifers with water percolating from surface ponds that 
have especially been built for recharge purposes. Direct recharge in highly permeable 
geologic materials can result in a rapid, efficient, and economical way of water banking 
(Fulton 2005). However, it also requires important infrastructures including large areas 
dedicated to allocate the percolation basins, conveyance facilities and maintenance systems. 
In contrast, “in-lieu” recharge is a way of increasing natural recharge without artificial 
percolation. In wet years, surface water is used to serve users who would traditionally fulfill 
their needs by using underground water. Hence, groundwater demand is reduced and the 
equivalent amount of consumed surface water remains in the aquifer ready to be used during 
dry periods. The term “in-lieu” comes from the French “au-lieu” which means instead. When 
available, surface water is used instead of groundwater. “In-lieu” recharge can be performed 
in almost any soil and geologic conditions, although it is obviously limited by the availability 
of surface resources. Moreover, alternative use requires additional regulations on groundwater 
use and additional surface water conveyance facilities. 

7.4. Kern Water Bank   

The Kern Water Bank is the largest direct recharge project in the world with a storage 
capacity of 1,230 hm3 and a recovery capacity of 300 hm3/year. It occupies 80 km2 of the 
valley floor in the southwestern San Joaquin Valley next to the city of Bakersfield. The 
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facilities and land are owned by the public Kern Water Bank Authority, which was created in 
1995 by DWR and today includes six members: five public water districts and one private 
mutual water company.  

According to J. Gibler (http://www.invisible5.org/index.php?page=kernwaterbank), Westside 
Mutual Water Company, the only private participant of the Kern Water Bank Authority, is a 
"paper company" owned by Paramount Farming Company, which in turn is owned by Roll 
International Corporation, one of the largest privately owned companies in the world. It is 
worth mentioning that in the past years some critics have accused large agribusinesses of 
interfering with public water management politics. J. Gibler claims that these kinds of 
companies often take advantage of their privileged positions amid water decision-makers and 
are able to manipulate the water market (often subsidized water) to their advantage and to the 
advantage of the farmers.  

7.4.1. Geology of the Kern Water Bank 
The level of the groundwater has been continuously varying over the past 25 years, following 
cycles of rise and decline. In the mid-1980’s the table raised due to replenishment activities 
along the Kern River corridor, although the 1987-1991 drought forced its dramatic decrease. 
However, in the late 1990’s, recharge operations conducted by the Kern Water Authority 
managed to recover the water level by 40 m within a four-year gap of time, as shown in 
Figure 24. 

 

Source: Kern Water Bank Authority 

 
Figure 24. Groundwater levels in Kern Water Bank 

The Kern Water Bank is located on the Kern River alluvial fan. As far as its geological 
structure goes, the bank consists of the upper portion of the continental sediments of the 
Tulare and Kern River formations. The former is made out of water-lain sands, silts, and 
clays, while the latter includes sands, conglomerates, and mudstones. These continental 
sediments are overlaid by fluvial (fine sand and silt) and lacustrine (fine sand, silt and clay) 
sediments associated with the Kern River alluvial fan and the old Buena Vista Lake.  

The upper couple of hundred meters of the aquifer are formed by thick sand units alternated 
with discontinuous gravel and silt layers. A quick and favorable response to surface recharge 
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has been observed within the first sixty meters. This phenomenon suggests that the upper unit 
is indeed an unconfined aquifer. Additional pumping tests have monitored a significant loss in 
head associated with the onset of the wells, although substantial rebound occurs as soon as 
pumping is stopped. These results could be a sign of the existence of a semi- or fully confined 
aquifer, although downward leakage rules out the possibility of total confination. Moreover, 
no widespread confining aquitards have been identified. 

7.4.2. The recharge and recovery system 
The Kern Water Bank receives water from three different sources: the Kern River, the 
California Aqueduct (SWP) and the federal Friant-Kern Canal. In surplus periods, imported 
water is transferred through the Kern Water Bank Canal into the recharge basins, from which 
it percolates towards the aquifer (see Figure 25). With appropriate maintenance of facilities, 
the long-term infiltration rate can achieve 10 cm/day during several months. The basins 
occupy over 30 km2 (Kennedy/Jenks Consultants) and are capable of recharging up to 3.2 to 
3.7 hm3/day.  

The basins are grouped in chains where water flows from basin to basin through the 
interconnection facilities. Interbasin structures control the water level in the preceding basin 
and the flow rate to the next unit allowing great flexibility in the distribution of water among 
the different percolation ponds. 

 
Figure 25. Kern Water Bank recharge and recovery process 

Whenever there is a call for groundwater supply, stored water is recovered through 79 wells 
spread throughout the water bank. The wells can pump between 9.5 and 18 cubic meters per 
minute, which means a total maximal capacity of 25 m3/s. Recovered water flows into the 
Kern Water Bank Canal, which delivers it to the California Aqueduct and/or the Cross Valley 
Canal. The Kern Water Bank Canal is bi-directional and can receive up to 28 m3/s from the 
California Aqueduct during recharge phases and also transfer up to 23 m3/s of pumped water 
backwards during recovery periods.  

7.4.3. Water quality 
One of the additional benefits of water banking is improved quality. The concentration of total 
dissolved solids (TDS) in recovered water from the Kern Water Bank is around 220 mg/l, 
which is lower than that of the California Aqueduct, which ranges from 240 mg/l to 325 mg/l. 
Water coming from the wells must meet the state standards set by the California Department 
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of Health Services and tested using the same procedures used to test the public’s drinking 
water supply.   

In addition to testing the wells, groundwater quality and the table level are regularly observed 
with 53 monitoring wells. For the moment, no potential pollution sources have been 
identified, except for a few localized oilfield operations.  

7.4.4. Benefits 
From a water management viewpoint, the Kern Water Bank results in a greater flexibility in 
the use of existing infrastructures, particularly the California Aqueduct - the key component 
of the State Water Project. Thanks to banking operations, an additional 300 hm3 are available 
every year, which is almost enough water to cover half of the City of Los Angeles’ annual 
water needs.  

As far as storage efficiency goes, conjunctive use minimizes losses linked to water storage. 
Within the Kern Water Bank Surface there are no water discharges, losses to basin outflow or 
losses from the aquifer. Furthermore, evapotranspiration is largely reduced by comparison to 
aboveground reservoirs. An analysis developed by DWR (1990) estimated potential losses 
between 4% (winter) and 7% (summer). Recharge volume monitoring conducted between 
1995 and 1999 indicated a cumulative loss of 4.2% over the five-year period. 

Moreover, total costs of building and operating the Kern Water Bank are largely lower than 
those of surface storage facilities. Kennedy/Jenks Consultants, who designed the expansion of 
the Kern Water Bank facilities, estimated a fifty to one rate cost savings compared to a typical 
surface reservoir.  

Finally, the Kern Water Bank has resulted in significant enhancement of the environment. 
Prior to 1991, the 8,000 hectares which now belong to the KWBA were intensively farmed. 
By contrast, today a large portion of the property is set aside for natural habitat restoration, 
and only one third is used for recharge activities. In addition, approximately 55 hm3 have been 
recharged for permanent groundwater improvement. 

7.5. Semitropic Water Storage Bank  

The Semitropic Groundwater Bank is run by the Semitropic Water Storage District, the 
largest water storage district in Kern County. The district is located next to the city of Wasco 
and supplies water for agricultural use only, irrigating nearly 300 farmers’ 56,000 thousand 
hectares. In response to surface and groundwater shortages, rising costs of water and energy, 
and a poor agricultural economy in the early 1990’s, SWSD launched its groundwater-
banking program. Thanks to continuous replenishment, the current water table level is –80 m; 
this is eighteen meters higher than it would be without the conjunctive use project.    

7.5.1. “In-lieu” recharge system 
The Semitropic groundwater bank benefits from favorable geologic conditions: sandy soil and 
an underlying layer of Corcoran clay, which helps hold water in the aquifer. Currently the 
banking program is subscribed for 1,230 hm3 with six different partners, including MWD 
(430 hm3), Santa Clara Valley WD (430 hm3) and Alameda County WD (190 hm3). 

Unlike Kern Water Bank, the Semitropic banking system is based on “in-lieu” recharge. In 
wet years, SWSD diverts up to 164 hm3/year from the California Aqueduct (SWP) to be 
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delivered to its agricultural customers who would otherwise capture groundwater from the 
aquifer. In addition to stopping unnecessary pumping, the system allows the aquifer to be 
naturally replenished. In fact, the bank can receive up to 390 hm3/year of surplus water. On 
the other hand, during dry years, Semitropic returns water to the SWP, which then delivers 
water to the banking partners. There are two ways of getting water back to the California 
Aqueduct. One method consists of exchanging Semitropic’s entitlement and stopping delivery 
from the California Aqueduct. As a result, additional water is made available downstream, 
while local customers receive water from the bank. Currently, the recovery capacity for local 
supply is 62 hm3/year. Alternatively, the intake facility can be reversed to deliver groundwater 
back to SWP. This action is called “pumpack” and is able to provide up to 110 hm3/year 
(Figure 26). 

 
Figure 26. Semitropic "pumpack" facilites 

Initially, the Semitropic Water District estimated that banking partners would call on stored 
water in the years when the State Water Project allocations were 40% or less. However, in the 
year 2007, water agencies removed water from storage under the 60% allocation situation for 
other reasons such as regulatory and judicial controls (personal communication with Will 
Boschman, Semi-Tropic Water Storage District General Manager). 

7.5.2. The New Unit 
Semitropic is currently building a new unit, know as the Stored Water Recovery Unit, which 
will allow 800 hm3 of additional storage increasing total capacity by 2,030 hm3. Model 
studies show that up to an additional 185 hm3/year can be extracted over three consecutive 
years without causing any hazard to the aquifer. Therefore, by adding the new recovery 
capacity to the existing 62 hm3/year and the 110 hm3/year of “pumpback”, Semitropic’s total 
pumping capacity will be 357 hm3/year. Taking into account the district’s entitlement 
exchange capacity (164 hm3/year), Semitropic will be able to deliver up to 521 hm3/year to 
the California Aqueduct. In a 50 percent year, the water bank’s capacity is equivalent to about 
18 percent of the entire State Water Project yield. With a similar groundwater banking 
system, Spain could obtain over half of the water that was planned to be transferred through 
the Ebro project.  
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The Semitropic Water District has signed agreements with three new partners for 250 
hm3/year. The remaining 550 hm3/year (650,000 AF/year) will be made available to 
participants in the new unit on a share basis. Shares can be purchased by current partners or 
by new participants, such as public agencies and sub-agencies, private investors, etc. SWSD 
will issue and sell 150,000 shares, each of which will provide the shareholder with the use of 
one AF/year (1,234 m3/y) recovery, three AF (3,700 m3) of storage and 0.33 AF/year (411 
m3/year) of recharge. 

The water coming from the new unit is expected to be high quality, even better than that of 
the existing bank (Table 20). However, groundwater analyses indicate high levels of arsenic, 
which may require further removal treatment depending on pending regulations. 

Table 20. Semitropic Groundwater Bank water quality 
Constituent of Concern Aqueduct Existing Wells New Unit 
TDS (mg/l) 260.0 390.0 160.0 
Arsenic (ug/l) 2.0 8.0 50.0 – 60.0 
Chrome VI (ug/l) 0.2 6.0 5.0 
Bromide (ug/l) 210.0 190.0 - 209.0 90.0 
Nitrate (mg/l) as NO3 2.3 5.0 0.6 
Sulfate (mg/l) N/A 84.0 10.0 
TOC (mg/l) 3.0 2.0 0.6 
Uranium (pCi/l) 1.5 2.0 0.1 
Source: Semitropic Water Storage District  

7.6. Costs of Groundwater Banking 

The cost of groundwater banking depends on a number of factors such as availability of local 
supply, water quality, need for additional treatment, conveyance facilities, and pumping 
energy. DWR awards many conjunctive use projects in the state that have a cost between 
$0.008/m3 and $0.486/m3. On average, California’s conjunctive use projects have a cost of 
$0.048 per cubic meter of increased water supply (DWR, 2005).  

7.6.1. Costs of Water Banking in the Kern Water Bank 
The water banking operations have an operational cost of $0.067/m3, mostly due to pumping 
($0.057/m3), while only a small part of the cost is driven by the recharge process ($0.011/m3). 

The capital cost to build the Kern Water Bank was about $35 million, exclusive of the 
purchase of the land and the cost of stored water. The major source of funding was a private 
loan of $21 million that was refinanced with a variable rate bond ($27 million), and the 
surplus being used to fund additional infrastructure. In addition, the banking project received 
a $5 million Proposition 204 loan and a $3.75 million Proposition 13 grant.  

7.6.2. Costs of water banking in the Semitropic Water District  
Water stored in the Semitropic Water Bank is delivered by the banking partners, who have 
previously purchased it from their regular supply sources. Therefore, the cost of conjunctive 
use includes not only the expenses of water banking, but also the market price of water.   
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To use the Semitropic Water Bank, water agencies must make a one-time capital payment of 
$1.13 per cubic meter spread out over 30 years. Hence, Banking Partners pay about $0.038/m3 
each year they deliver water to the bank, plus $0.010/m3 annually for management, O&M, etc. 
When water is recovered, SWD charges its partners $0.041/m3, excluding energy cost, which 
is close to $0.049/m3. Summing up all charges to get a final unit cost would only be valid 
provided that water is delivered and recovered in the same year. In this case, the total cost of 
groundwater banking would be $0.137/m3. If we examine the case of MWD, the estimated 
cost of conjunctive use climbs up to $0.361/m3, considering that Metropolitan pays $0.225/m3 
for imported water from the Sate Water Project.  

7.7. DWR’s Conjunctive Groundwater Management Efforts 

As previously mentioned, one of the major impediments for the efficient use of groundwater 
is lack of information and coordination between the different groundwater stakeholders. The 
California State Legislature recognizes the need for groundwater data in water resource 
planning. In 2001, the Legislature passed Assembly Bill 599, requiring the State Water 
Resources Control Board to establish a comprehensive monitoring program to assess 
groundwater quality in each groundwater basin in the State and to increase coordination 
among agencies that collect groundwater contamination information. In 2002, the Legislature 
passed Senate Bill 1938, which contains new requirements for local agency groundwater 
management plans to be eligible for public funds for groundwater projects (Bulletin 118, 
Update 2003). 

Additionally, DWR carries out an outstanding effort in compilation of data and assessment to 
local agencies. Under the direction and funding of the State Legislature, DWR accomplished 
the update to Bulletin 118, California’s Groundwater − the first comprehensive report on 
groundwater since 1980 (www.groundwater.water.ca.gov/bulletin118). The Bulletin includes 
a description of current groundwater management programs throughout the State and provides 
recommendations for further efficient planning. In addition, the bulletin describes the roles of 
state and federal agencies in protecting groundwater quantity and quality,     

7.8. Grant Programs 

One of the key strategies of DWR regarding future water supply is to increase statewide 
reliability through coordinated surface and groundwater use. In 2000, DWR created the 
Conjunctive Water Management Brach (CWMP), in order to channel public funding towards 
local groundwater management programs. The CWMP provides information, technical and 
management support with groundwater project basin assessment, management and planning 
and project financial assistance. During the past seven years, California has provided 
substantial funds for over 140 groundwater-related projects, including, but not limited to, 
comprehensive databases, feasibility studies, construction of conjunctive use facilities and 
assistance to local agencies. All these activities are contributing to meeting the CALFED 
Record of Decision to develop 620 hm3 to 1,240 hm3 of new groundwater storage.   

7.8.1. Proposition 13 
In March 2000, California voted to enact Proposition 13, the Safe Drinking Water, Clean 
Water, Watershed Protection and Flood Protection Act, which authorizes nearly $2 billion in 
water bonds, including over $230 million for two programs specifically dedicated to 
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groundwater including the Groundwater Storage Program and the Groundwater Recharge 
Programs. Moreover, DWR added another $11 million from Proposition 50, The Water 
Security, Clean Drinking Water, Coastal and Beach Protection Act of 2002 to groundwater 
projects funding. 

The goal of the Groundwater Storage Program is to enhance the use of conjunctive 
management tools and therefore increase water supply reliability. By in end of the third 
funding year in 2004, the program had awarded $205.6 millions in grants and loans to 62 
projects statewide totally costing over $1 billion. The budget was almost entirely dedicated to 
construction activities (storage construction grants - $168 M and recharge construction loans - 
$26 M), although some funding was made available for research studies (storage pilot projects 
- $8.9 M, recharge feasibility studies -$1.4 M and storage feasibility grants - $1.1 M). 

The Groundwater Recharge Program supports projects focused on artificial replenishment, 
either direct or in-lieu recharge, although groundwater recovery is not required. Most of the 
selected projects were located in the Tulare Lake and South Coast Hydrologic regions. 
Throughout three funding years, the program provided $26.2 million to seven construction 
loans whose total cost was $31,1 million. In contrast, Proposition 13 provided $1.4 million to 
fifteen Groundwater Recharge Feasibility Studies in FY 2000-2001 covering sixty percent of 
the total cost.   

In accordance with the statewide directive to increase water supply reliability and use of local 
resources, the Groundwater Grants and Loans Program Awards gives preference to projects 
that are part of a formal groundwater management plan and that concern overdrafted aquifers 
and other critical supply issues. Some of the projects funded by the Proposition 13 would be 
able to provide up to 370 hm3 annually. Furthermore, the program looked for additional 
benefits, such as enhanced water quality and groundwater levels, prevented seawater intrusion 
and habitat restoration.  

The awards adjudication is not unilaterally controlled by DWR, but actually the Conjunctive 
Use Advisory Committee and the California Bay-Delta Authority also participate in the 
decision making process. After reviewing all incoming applications, DWR develops 
preliminary funding recommendations based on ranking and selection criteria included in the 
Proposal Solicitation Packages (PSPs). Then, the Conjunctive Use Advisory Committee 
formed by representatives of water interests and other stakeholders evaluates the selected 
projects and writes the final recommendations. The potential awarded projects are also subject 
to examination by the public and the California Bay-Delta Authority. 

7.8.2. Local Groundwater Assistance 
Conjunctive use means coordinated surface water and groundwater management, which 
necessarily required coordination between the different stakeholders and the water agencies 
involved. Therefore, in 2000, CWMP established the Local Groundwater Assistance Program 
(AB 303) to foster sharing of data and project costs. The target projects focused on several 
different activities such as data collection, modeling, monitoring, creation of information 
systems and management tasks. The Local Groundwater Management Assistance Act of 2000 
was enacted to provide grants to public agencies with authority to manage groundwater 
resources to conduct local studies.  

The program is divided into annual cycles, each awarding between $5 million and $6.8 
million in grants for 20 to 30 projects. Every eligible applicant can receive up to $250,000 per 
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project.  By 2005, the Local Groundwater Assistance Program had founded 129 projects with 
a total of $30 million and budgeted another $13.6 million for FY 2005-06 and 2006-07. 

7.9. Information and Coordination 

DWR’s actions regarding groundwater are both legally and physically limited. In fact, DWR 
has no statutory authority to protect groundwater quality nor regulate or manage groundwater 
resources. However, DWR does have an important role in groundwater. Actually, it is 
responsible for well inventory and groundwater data, including mapping of the State’s 
aquifers. Data acquisition often requires close monitoring, which cannot be performed without 
the active participation of local agencies. As a result, the DWR has built strong relationships 
with other water related entities in order to improve statewide groundwater management. A 
good example of this joined effort is Bulletin 118 – Update 2003, which brought together 
many local, State and federal agencies.  

Furthermore, part of DWR groundwater data is obtained through partnerships with local 
agency cooperators. Thanks to information sharing, in 1996 the DWR was able to create a 
public website (http://wdl.water.ca.gov/gw/) containing water quality and water-level data and 
hydrographs for more than 35,000 active and inactive wells. 

As far as water quality goes, it is within the competence of the EPA’s Office of Ground Water 
and Drinking Water (OGWDW) Program lead by the Department of Health Services (DHS) 
and the California's Drinking Water Source Assessment and Protection (DWSAP). 
Additionally, the State legislature required that the State Water Resource Control Board 
(SWRCB) develop a statewide groundwater quality monitoring plan in order to keep track of 
potential water contaminants in the aquifers. It is relevant to mention that since 1984, over 
8,000 public wells have been shut down- some due to the presence of chemicals such as 
MTBE, solvents and perchlorate. The SWRCB created the Groundwater Ambient Monitoring 
and Assessment Program (GAMA), which consists of a series of field surveys regarding 
public and private drinking wells, the latter being voluntary. In order to coordinate and 
centralize the information on groundwater in California, the SWRCB came together with 
several other agencies to form the Groundwater Resources Information Sharing Team 
(GRIST). The agencies belonging to the GRIST are 1) SWRCB, 2) Department of Health 
Services, 3) Department of Water Resources, 4) Department of Pesticide Regulation, 5) 
Lawrence Livermore National Laboratory, 6) U.S. Geological Survey. The collected data will 
be introduced in the centralized Groundwater Resources Information Database (GRID), which 
will be made accessible to the public (Division of Planning and Local Assistance, 2003). 

7.10. Conjunctive Use in Spain 

Traditionally surface and groundwater resources in Spain have been managed separately 
without taking into account the strong interaction between them. At the beginning of the 19th 
century there was a serious controversy between the body of Mine Engineers and that of Civil 
Engineers about water supply systems in Madrid. The former believed that the optimal supply 
would come from groundwater that would be captured through a network of wells, whereas 
the latter promoted surface water supply and the consequent construction of several dams. As 
a result of this disagreement, hydrological planning in Spain is based on surface water 
resources and the construction of reservoirs and channels, while groundwater resources are 
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(almost) completely ignored. In 1972, Raymond Nace described as “hidroschizophrenia” as 
the attitude which makes many water planners separate completely surface and groundwater, 
usually ignoring the latter (Llamas, 2007).   

Despite Spain’s experience in artificial recharge and the number of large aquifers having good 
water quality, conjunctive management practices are only being used on a small scale. In fact, 
in the Programa de Actualización del Inventario Hidrogeológico (PAIH), the Ministry of the 
Environment refers to artificial recharge as “special operation” (Fernández Escalante, 2005) 
instead of considering it as an integrated water management tool, as it is in California.  

The Ministry of Environment manages a nationwide system of almost 2,000 monitoring wells 
to observe groundwater levels and changes in storage. Data collected by the system in 
integrated into the database of the Basin Agencies’ (Organismos de Cuenca). Each of Spain’s 
eight hydrologic regions is managed by one Basin Agency, which is responsible for regional 
planning and for building and operating all projects within the region.   

7.10.1. Spain’s experience in conjunctive use 
The first modern artificial recharge project in Spain took place in the 1960’s in the alluvial 
fans of the Besos and Llobregat rivers in the metropolitan area of Barcelona. Today, Aguas de 
Barcelona Water Company recharges the aquifer up to 20 hm3/year with water coming from 
Sant Joan d’Espi potable water treatment plant (Fernández Escalante et al. 2005). After this, 
the next remarkable conjunctive use experience was carried out in Llano de Palma, in 
Mallorca Island, where reclaimed urban water was used for irrigation and the eventual surplus 
was injected in the underlying calcareous aquifer.  

Besides increasing water supply reliability, Barcelona and Mallorca’s artificial recharge 
projects use reclaimed water, which provides an important additional benefit. Thus, these 
systems integrate two of the most cutting-edge water management tools: conjunctive use and 
water recycling. The same happens in Southern California where the Orange County’s 
Groundwater Replenishment System (GWRS) uses reclaimed water to artificially overcome 
groundwater deficit and thus fight seawater intrusion.    

Since 1984, the Institute of Geology and Mines (IGME) has developed many pilot 
conjunctive management projects, in collaboration with other public entities including the 
Governement of la Rioja, Guadalquivir River Basin Authority, Alicante Urban Council and 
the BRGM (Bureau de Recherches Géologiques et Minières). Fernandez Escalete (2005) lists 
the most relevant projects, mostly injection wells and percolation basins in eastern and 
southern Spain. Besides, the Ministry of Agriculture, Fishing and Food (MAPA) has built and 
enlarged at least two artificial recharge facilities in Cubeta de Santiuse and Carracillo 
agricultural areas, located in the province of Segovia, in central Spain. 

7.10.2. “In-lieu” recharge in the Mijares River Basin 
One of the most efficient “in-lieu” recharge practices in Spain is carried out in the Mijares 
River basin, in the Plana de Castellon (Region of Valencia). In certain areas, farmers may 
temporally yield their surface water rights to other agricultural lands with fewer local 
resources. Farmlands near the coast benefit from optimal hydraulic conditions and a high 
level of the water table and therefore can easily capture water from the aquifer while farmers 
upstream call no extra surface supply. (Sahuquillo, 2000) 

The Mijares River has three surface reservoirs with a total capacity of 100 hm3. Two of the 
three reservoirs (78 hm3) overlay a permeable layer of karstified calcareous rocks that allows 
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percolation towards the aquifer at a rate up to 45 hm3/year. In addition, the river itself also 
contributes to groundwater recharge at a similar rate. The difference between the highest and 
lowest groundwater storage levels is very large (over 600 hm3) and therefore, a significant 
portion of the river’s flow could serve for conjunctive management practices.   

Within the Mijares River basin, one third of the area receives water from the aquifer for urban 
use, another third is irrigated with surface water, and the reaming third gets its supply 
alternatively from groundwater and surface water depending on the availability of each 
resource. Simulation studies have shown that increased surface/groundwater alternate use 
would lead to a rise in water availability. Furthermore, reduced water pumping results in 
increased outflow to the sea, and thus less seawater intrusion and lower nitrate concentration.  

7.10.3. Direct recharge in Madrid    
The Autonomous Community of Madrid is by far the most densely populated region in Spain, 
with over 6 million inhabitants in an area one-third the size of the Bay Area. Drought in the 
Capital often hits the Spanish newspapers’ headlines, although it is lack of appropriate 
infrastructure and not lack of rainfall that causes water shortage. The water demand in the 
Comunidad de Madrid is 600 hm3, while maximal surface storage capacity is around 700 hm3. 

During the first three months of 2001, the precipitation was so intense that Madrid’s 
reservoirs were filled up to their maximal capacity of 843 hm3. In order to prevent potential 
flooding, Madrid emptied half its reservoirs, releasing 452 hm3 of fresh drinking water. 
However, precipitation was dramatically lower during spring and summer bringing the second 
driest hydrological year since 1914. By the end of hydrological year 2001-2001, Madrid’s 
reservoirs had only received additional 233 hm3. The city is aware of its vulnerability to 
climate variability and therefore has developed a plan to increase its water supply, which 
includes increased surface storage capacity by 946 hm3, transfers from Sobre and Alberche 
Rivers and enhanced groundwater use. 

Due to its hydrological characteristics, Madrid’s detriitc groundwater basin requires three 
years of natural recharge for every year of pumping to recover the amount of water that has 
been captured without causing overdraft. Nevertheless, between 1992 and 2002 the 
Comunidad de Madrid (Madrid County) pumped water from the aquifer during 40% of the 
time, instead of 25% as it had initially been planned. As a result, the current overdraft 
situation can only be solved by many years of natural replenishment without pumping or by 
increased artificial recharge (J.A. Iglesias Martin, 2002).  

Between December 2000 and April 2001, the Comunidad de Madrid carried out an artificial 
recharge pilot project in Casilla Valverde located 15 km north from the City of Madrid. 
During the five-months testing period, over 410,000 m3 were recharged at a rate of 55 l/s. 
Based on the pilot experience’s positive results, the Canal de Isabel II (CYII), the public water 
agency of the Comunidad de Madrid, has developed a three-step artificial recharge plan for 
the next three years.  

First, CYII will develop further pumping and recharge tests, in order to identify the optimal 
recharge technology and methods. These testing activities will be carried out in Fuencarral, 
Canal alto y Bajo and West Zone aquifers in collaboration with Mekorot, Israel’s national 
public water agency. The following phase will consist of the use of 20 existing wells to 
recharge 20 to 30 hm3 annually. The third and last step includes the construction of new deep 
recharge/pumping wells that will increase total recharge capacity by 40 to 50 hm3/year 
(Comunidad de Madrid, December 2006). 
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7.11.  Summary and Conclusions 

Both California and Spain have been carrying out conjunctive use activities for hundreds of 
years, although it was not until the 1970’s and 1980’s that they implemented the first modern 
artificial recharge systems. Today both countries carry out conjunctive programs, although 
these kind of practices are much more common in California. From the research developed in 
this chapter, we reach the following conclusions: 

• Coordinated management of surface and groundwater resources has numerous 
important benefits: 1) an increase in water supply reliability, 2) improved water 
quality, 3) the prevention and eventual stop of seawater intrusion and subsidence, 4) 
enhancement of the environment, 5) a lower need for costly surface storage facilities.  

• Conjunctive use management must overcome important impediments to achieve a 
large-scale implementation: 1) a lack of data regarding level and quality of the 
aquifers, 2) a lack of regulation and opposition between groundwater rights and 
optimal conjunctive management policies, 3) a lack of coordination between different 
water agencies and stakeholders, 4) physically restricted implementation determined 
by water supply availability 

• Despite having very similar quantity and quality of groundwater resources, 
California’s artificial recharge capacity is equivalent to 600 times that of Spain. 
Actually, Spain only uses 10% of the amount of water that could be obtained through 
conjunctive use.  

• Two of the world’s largest conjunctive use projects (one using direct recharge and the 
other the other one “in-lieu” recharge) are located in California. The Kern Water Bank 
in Kern County is based on direct recharge with a storage capacity of 1,230 hm3, 
while the Semitropic Water district in the south of the San Joaquin Valley uses “in-
lieu” recharge for 1,230 hm3 of storage.  

• The State of California is carrying out an important effort to encourage conjunctive 
use practices. DWR encourages conjunctive use projects through a series of grants and 
loans included in Proposition 50 and Proposition 13 totaling over $230 million. 

• Conjunctive use programs in the Kern County, California, have a cost of $0.067/m3 
for direct recharge and $0.137/m3 for in-lieu recharge. These costs however, must be 
added to the price of water that partner water agencies pay to purchase the water 
before delivering it to the bank. 

• The potential for additional conjunctive use storage is huge in California and Spain, 
1,240 hm3 and 350 hm3 respectively. 

In order to improve conjunctive use practices in California and Spain we believe that the 
following recommendation should be followed: 

• Develop a comprehensive database of all groundwater bodies including information 
on total capacity, usable capacity, depths and water quality. Install monitoring wells to 
observe water levels and water quality in used aquifers.  

• Identify aquifers with vacant storage capacity that could be optimised by artificial 
recharge.   
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• Give priority to conjunctive use projects that are integrated within a groundwater 
management plan and have additional benefits such as preventing subsidence, 
stopping seawater intrusion, enhancing the environment, improving water quality, etc.   

• Encourage local partnerships between water agencies and holders of groundwater 
rights to develop conjunctive sue projects.  

• Improve coordination among different stakeholders linked to the same groundwater 
basin in order to manage the resource more efficiently on a larger scale. 

• Based on the California’s experience in conjunctive, we make the following 
recommendation for use in Spain: 

• Spain should increase the use of conjunctive use management. By doing so, the 
country could obtain additional 250-300 hm3/year of water supply. 

• Following the example of the Kern County, groundwater-rich areas in Spain should 
create water banks and make stored water available for other regions with limited 
availability of water supply.  

• The Ministry of Environment (MMA) should consider conjunctive use as a major 
strategic tool in the country’s water resource planning and not simply as a “special 
operation”. Moreover, the MMA should give incentives to develop feasibility studies 
and increase conjunctive use, like DWR does through Proposition 50 and Proposition 
13.   

• The Ministry of Environment should develop a specific conjunctive management plan 
similar to the one created by DWR, Conjunctive Water Management Program 
(CWMP). 

• Based on the data collected by the system of monitoring wells, Basin Agencies 
(Organismos de Cuenca) should be able to identify potential conjunctive use projects 
an thus take them into account when developing their Water Management Plans (Plan 
Hidrologico de Cuenca). 

• Basin Agencies should design advisors committees to improve coordination among 
different stakeholders involved in conjunctive use projects. The committees should 
also give assistance in the identification, development and implementation of 
conjunctive use projects. These committees would have similar responsibilities to 
those of the DWR’s Conjunctive Water Management Brach (CWMP).   


