





ABSTRACT
In California there is a concern about the growing need for fresh water. This has been fueled by drought and increases in water demand by both increased agriculture and population. Ocean desalination has been a proposed answer to this water shortage as a source of drought proof water as cost trends favor the use of reverse osmosis (RO) plants over distillation/ multistage flash (MSF) plants and as municipal water costs have been on the rise. Ocean desalination however imposes increases in environmental impacts to the ocean marine biota in part to the ocean water intakes and the release of the resulting brine discharge.  Undiluted brine has a composition similar to ocean water, but is twice as concentrated. Few historical Environmental Impact Assessments (EIA)’s are available to guide the future of ocean desalination. More recent EIA’s and case studies show that indirect underground water intakes harm less marine biota and use less chemicals for the prevention of RO membrane fouling. This results in lesser amounts of used chemicals, leading to fewer chemicals that are eliminated in the brine or waste product of the RO process. Brine is disposed of by delivering it back to the ocean where effects on marine biota can be profound if not diluted or dispersed. Oceans supply people with food giving life to populations around the world and support lifestyles, where changes in our oceans can have many downstream impacts to people around the world. Environmental law is constantly changing to curb the destructions of the ocean environment including the laws governing ocean desalination plants. In California, these can be found in the Ocean Plan. Environmental law under the Ocean Plan has recently supported safeguards to protect the ocean including 4 newly proposed regulations. The recent history of ocean desalination in California and increasing regulations to curb environmental impacts is guiding California in the right direction for using ocean desalination as a valuable source of drought proof water while upholding Public Health concerns. 
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1.0  Introduction

As a public health graduate student, I often think of my personal actions and the consequences of these actions. In public health this viewpoint is transitioned to society’s actions and subsequent consequences. It is public health that systematically regulates larger scale operations in the context of helping others, preserving strategies that make us safer and healthier.  In recent years, I have become more interested in our oceans as an advocate to keep the oceans clean & healthy. It is our oceans that supply people with food giving life to populations around the world.   The oceans support lifestyles, and changes in our oceans can have many downstream impacts to people around the world.  In recent context, I don’t believe the world is taking very good care of the world’s oceans.  The Deepwater Horizon oil spill in 2010 was a devastating reminder that humans can be destructive to the world’s oceans. The Fukushima Daiichi nuclear disaster in 2011 is also a reminder that, even with good planning and the most comprehensive precautions intact, there can be unpredictable occurrences that may result in devastating consequences. Likewise, we, as individuals use plastic in much of our daily lives, and this plastic finds its way to the oceans, piling up, affecting marine life.

Being married to a past volunteer member of the Surfrider Foundation, I have increased my awareness of growing public concerns about our oceans. Earlier this year, I read an article that the Surfrider Foundation had posted about desalination in Southern California, “Carlsbad Desalination Plant Opening: The Wrong Solution at the Wrong Time”, (surfrider, 2015). This article about California wanting to open a desalination plant as an alternative water source peaked my interest in desalination, something that I did not know much about, nor was I aware of its consequences. It was a short article, but mentioned that California was indeed pursuing ocean water desalination to support its growing water need and in turn desalination was going to wreak havoc on California’s, “marine habitat,” imposing unnecessary increases in water bills, and amplify already high greenhouse gas emissions, (surfrider, 2015). To me, this ocean desalination plant sounded like a bad proposition, but may represent a negatively biased viewpoint. Additionally, I am not a California native, nor have I ever been there longer than a week. My lack of understanding, together with my interests in preserving our Oceans coupled to my educational background in public health, gave me the enthusiasm to investigate for myself what may be going on here.

To really understand the fundamentals of desalination and whether it should be a concern in Southern California, the potential consequences of desalination on the ocean and marine life should be investigated. This essay will look into the history of desalination, current and past operating desalination plants, case studies, and the future outlook for desalination. This endeavor is my interpretation, compromised of both literature reviews and media articles, delving into what desalination means for Southern California’s future where drinking water availability is becoming more of a Public Health concern.

2.0  Review

2.1 History & Background

Desalination is a method of removing salts and other minerals out of water.  Ocean Desalination is the process of taking ocean water, primarily having a salt concentration exceeding our allowable drinking levels and purifying it to appropriate acceptable levels. Desalination is based on the scientific principle that salt can be separated from water. The history of desalination can be seen by starting with this basic principle probably before any records of it.  The Greek philosopher and scientist, Aristotle, defined the water cycle accurately, and showed by experiment that saltwater can be evaporated yielding fresh water, (Delyannis, 2003).  Over 1000 years later, “alembics” (alchemical stills) were developed with the same principle but for the production of wine and perfumes, (Delyannis, 2003). In the late 16th Century, scientist Giovani Batista Della Porta went into great detail and developed the process of distillation for use to create fresh potable water, (Delyannis, 2003). The science behind distillation soon became understood.  However, because distillation is such an energy dependent process, it wasn’t until the late 1800’s, when alternative energy sources were looked into, that desalination became more economical. Around 1870, the US made a copyright to a solar distillation plan, (Delyannis, 2003).  Harnessing solar energy to fuel desalination soon became and effective solution to drinking water shortages.  The first solar desalination plant was built in Chile where it operated until about 1912 out of necessity to provide fresh drinking water to mine operators, (Delyannis, 2003).  

The need for drinking water is evident. This need is a driver behind desalination’s exploration and implementation throughout history. In the US, It wasn’t until the heavy drought in the South West during the Great Depression that desalination became an option as an alternative water source. Fueled in part by World War II and the need to supply naval troops with drinking water, the practicality of ocean desalination soon captivated Congress under President Harry S Truman (1945-1953) to introduce the law enabling the necessary research and development. Desalination advanced under the Office of Saline Water (OSW), (Delyannis, 2003).  Solar distillation research manifested all around the world in the 1950’s and 60’s and included parts of the Caribbean Islands, India, Australia, the USSR and USA, (Delyannis, 2003). Under President Dwight D. Eisenhower (1953-1961), desalination gained further political support resulting in more federal programs and technology sharing, (Jorgensen, 2005). Eisenhower enacted the Peace Plan for the Middle East in 1957. This plan supported desalination and resulted in a US-Israel partnership in combating water problems and shortages. It also prompted the US-Saudi Arabia partnership that resulted in successful data sharing and the US-Japan partnership that resulted in copious reports about desalination, (Jorgensen, 2005). In the 1950’s reverse osmosis, RO, technology was invented, but membranes were far below commercial standards, (Wikipedia, 2016).   In 1973 the National Water Supply Improvement Association was born.  The aim of this program included the advancement of desalination, water reclamation, water sciences, and information sharing, (Jorgensen, 2005). Aside from desalination by distillation, reverse osmosis and membrane technology was furthered and resulted in the first US based RO desalination plant in 1977 at Cape Coral Florida, (Wikipedia, 2016).   Improvements in the RO membranes continued through the 1970’s and 90’s transitioning from polyetheruea membranes to polyamide membranes, (Moss & Manrique de Lara y Gil, 1999).   Advancements to premium polyamide membranes created increases in salt rejections that made them more efficient, (Moss & Manrique de Lara y Gil, 1999).

Unfortunately, in the 1980’s desalination in the US suffered a loss of interest, and many programs were either phased out or transitioned to other programs. The desalination program was transitioned to be housed in the US Bureau of Reclamation. In the 1990’s, the National Water Research Institute was born.  This program advanced water research and included several projects devoted to desalination, (Jorgensen, 2005). As technology advanced, many newer projects focus solely on desalination by reverse osmosis, rather than distillation practices, primarily because of the lower energy requirements. 

If we look at today’s level of desalination globally, both membrane and distillation/multi-stage flash (MSF), technologies are being utilized around the world, especially in the Middle East.  A 2008 assessment of world desalination estimated over 24 million cubic meters/day of fresh water were being produced from the oceans, (Lattemann & Höpner, 2008).  Looking at the total water production by ocean desalination for each continent, 6% are of Asia-Pacific origin, 7% from the Americas, 10% from Europe, and the majority (77%) in the Middle East and Africa. The countries having the most prominent productions of desalinated water include The United Arab Emirates, Saudi Arabia, Kuwait, and Spain with respective world production amounts of: 26%, 23%, 7%, and 7% , (Lattemann & Höpner, 2008). The technology choice for desalination in these nations is very different from one-another.  Spain started out with MSF technology during the mid-1960’s, (Sadhwani, Veza, & Santana, 2005).  In Spain today, about 95% of all desalination plants use the modern RO technology, (Lattemann & Höpner, 2008).  Conversely, about 90% in the Arabian Gulf are using the distillation/ MSF desalination method, (Lattemann & Höpner, 2008).  
There are some key differences between the 2 technologies of MSF and RO. Briefly, MSF technology is a distillation method using energy in the form of heat to evaporate ocean water to steam where it is recovered as pure water. Alternatively, RO uses energy in the form of pressure forcing ocean water through porous membranes where by an act of diffusion, the small water molecules are separate from salt and mineral insults. The mechanical method of these two principles are completely different. 
Importantly, the main difference between RO and MSF can be seen in the energy requirements and in the brine discharge, concentrated ocean water including any by-product, due to the methodology of each technology. MSF technology can utilize up to 6 times more energy than RO plants, (Medeazza, 2005). Differences in the concentrated brine product can be seen in brine salinity, temperature, plume density, dissolved oxygen, level and toxicity of biocides and their by-products, anti-scalents, anti-foaming agents, heavy metals due to corrosion, and cleaning agent’s pH, (Lattemann & Höpner, 2008). However, because this describes only the generalizable differences, all desalination sites would have room for variability.  
According to scientists, sensitivities of the marine environment to brine discharge can vary as well, (Einav, Hamssib, & Periyb, 2002).  Brine discharge into the ocean can have variable marine effects, which are mostly attributed to ocean geography and how well the water naturally mixes, (Einav, Hamssib, & Periyb, 2002).  In theory, and in some cases, less mixing and more exposure of marine life to the brine discharge will have more detrimental effects. Oceans with a lot of movement such as oceans have large and more frequent wave swell would be the least sensitive, while bays, reefs, marshes, and mangrove flats would be the most susceptible marine ecosystems, (Einav, Hamssib, & Periyb, 2002).  

Ocean Desalination plants will also have intakes that bring in the ocean water and transport it to the plant. Intakes for both MSF and RO seawater desalination plants are not necessarily different. However, there are a variety intakes either being direct or indirect, (Cooley, Ajami, & Heberber, 2013).  Direct intakes are more prone to influence marine biota due to being situated in open water. Direct intakes allow for large/small organisms to become either impinged onto filters, not being able to escape, or entrained within the process, advancing ultimately to the plant where they are destroyed, (Cooley, Ajami, & Heberber, 2013).  Direct intakes can be situated in the open ocean at the surface level, floating, or even at deeper depths

Indirect intakes conversely are buried pipes or wells under the ocean floor. Because they are buried, there are less associated effects on marine life, (Cooley, Ajami, & Heberber, 2013).  Types of indirect intakes include: Vertical, Horizontal Radial, Horizontal directionally drilled, Slant, and Infiltration Galleries, (Cooley, Ajami, & Heberber, 2013).  Most marine associated effects with indirect intakes are attributed to the construction processes at off-shore or on-shore sites which can be rather invasive to seabed habitats, (Cooley, Ajami, & Heberber, 2013). 

A 2012 white paper on desalination costs concluded that RO is the technology of choice in the USA and briefly noted the Environmental Protection Agency’s, EPA, statement that RO is the best available technology for water purification from inorganic and pharmaceutical pollutants or toxins, (Wateruse Association, 2012). This article also highlights that RO desalination can be self-reliant and “drought proof,” (Wateruse Association, 2012).   In addition, decreased cost trends associated with RO technology advances provide insight that RO technology is fundamental to seawater desalination.  In California, it is the RO technology that would be solely used in all proposed and functioning ocean desalination plants, (Cooley, Ajami, & Heberber, 2013). Moving forward is this essay, MSF plants will not be considered as California will not use that form of technology. The effects that RO technology poses to the marine environment addressed in this essay focus on both seawater plant intakes and RO plant brine discharges 

2.2 Potential Discharge and Intake Marine Impacts with RO technologY
2.2.1 Intakes
When comparing open ocean intakes to indirect intakes, open ocean intakes seem to carry more potential marine impacts. Indirect intakes look a whole lot more promising as they sit below the seabed.  These subsurface seabed intakes have a few advantages that make them seem much more environmentally friendly. These advantages include cost efficiency, increased reliability and function, and decreased impacts on marine life, (Cooley, Ajami, & Heberber, 2013). When looking at running and performance costs, these can be between 5-30% less in subsurface intake plants due to less water pre-treatment phases and decreased energy due to this pre-treatment processes. Increased reliability can also be seen as there are less interruptions than open ocean intakes. For instance, there are no screens that can be affected by impingement & entrapment of fish or summer algal blooms. The sand is essentially a filter of small and large organisms. This potentially helps avoid mass fish and larvae kill offs, (Cooley, Ajami, & Heberber, 2013). The disadvantage of indirect intakes is due to the associated costs with construction that can be comparatively much larger. However, if the longevity of the plant’s productivity is taken into account, costs can be offset by the savings in pretreatment chemicals and efficiency over time, (Cooley, Ajami, & Heberber, 2013). 

2.2.2 Discharges

Once the RO plant processes the seawater and potable water is separated, brine will have been formed. This Brine contains all the constituents of the ocean water at elevated concentrations and, also, any pretreatment chemicals, cleaning agents, or heavy metals that are associated with the processing by the plant or as a contaminant.  

Brine salinity is a key factor in RO desalination that should be regarded as a main concern. Non-diluted brine, or the concentrated ocean water, will be almost twice as concentrated as the ocean water which it is sourced from, (Einav, Hamssib, & Periyb, 2002).  Discharged brine salinity can range and is dependent upon any pre-dilution measures taken in the facility.  Constant exposure to increased salinity levels can be fatal for marine life that cannot bear these changes. This can change the composition of the natural marine habitat and consequently disturb or reconfigure the marine life living at the discharge site, (Lattemann & Höpner, 2008).

Temperature can also affect how the brine and ocean water will mix. Temperature of the discharged brine from RO plants is usually in the range of an increased 2◦ F, (Cooley, Ajami, & Heberber, 2013). However, Temperature can be much warmer, approximately 10-30 ◦ F, if the brine is mixed with any nearby Power plant’s once-through cooling (OTC) system water, (Lattemann & Höpner, 2008). Here discharged OTC water is the warmed product of intake water used to cool power generators. Temperature can affect variations in discharged brine plume density. Usually concentrated brine discharge not mixed with OTC water is more dense and will sink, but if mixed with warmed OTC water, it will become either buoyant or match the surrounding ocean water, (Lattemann & Höpner, 2008). Mixing brine with OTC discharge helps dilute and naturally mix the brine.  Depending on whether the discharged brine will sink or be buoyant, there can be either seabed or open ocean consequences. However, the open ocean will most likely be able to naturally mix the brine, whereas brine that sinks can become a plume and will tend to keep increasing in size as more brine is discharged. 

Discharged Brine from desalination plants can also vary in dissolved oxygen, DO.  DO levels will rely on the intake source of the ocean water. For open ocean intakes, the DO will be the same as the surrounding ocean environment. However, for indirect subsurface intakes, the DO levels are regularly slightly below the surrounding levels, (Lattemann & Höpner, 2008). Oxygen levels at a normal range are necessary for living organisms and changes to DO levels may potentially affect the natural level and diversity of local species due to its potential negative impact. If DO levels drop significantly, it is possible that RO plant operations could be affected, especially if environmental restrictions are in place to minimize marine effects. 

Another concern of brine discharge is the level and toxicity of biocides and by products of agents used to minimize biofouling of RO membranes. A major concern is the use of chlorine as hypochlorous acid. When added to seawater, hypobromous acid is formed due to the large amount of Bromide naturally occurring. hypobromite is then the more abundant active biocide reacting with compounds often leading to brominated organic by-products that can be additionally a potential concern to marine life, (Lattemann & Höpner, 2008).  In RO desalination plants, sodium bisulfite is used to help neutralize the hypobromous acid and hypochlorous acid to harmless chloride and bromide ions, reducing the brine discharge level of hypochlorite below the EPA’s recommended long-term exposure limit of 7.5 ug/L, (Lattemann & Höpner, 2008). 
In RO desalination, there may be some heavy metals released through corrosion.  However, anti-corrosion chemicals are not as much of concern in RO plants as in MSF plants.  This is primarily because there is not as much corrosion in RO plants and chemicals to counter this are not used.  Small elevations in iron, chromium, nickel, and molybdenum due to stainless steel corrosion can be seen in the discharged brine, (Cooley, Ajami, & Heberber, 2013). Toxicity of these heavy metals may in part be to bio-accumulation in marine organisms, (Lattemann & Höpner, 2008). 

Altogether, antiscalants that minimize RO membrane build up, anti-foaming agents to reduce source water foaming, coagulants, and cleaning agents used in RO membrane fouling prevention are brine constituents that are important and need to be taken into consideration when these are discharged with the brine. Some of these chemicals may be poisonous to marine life at low doses, (Cooley, Ajami, & Heberber, 2013).  In general, antiscalants are found to have low toxicity and are easily biodegradable.  However, there are some that have longer occupancy because they do not break down.  Antiscalants are used to disseminate Ca and Mg ions, which are divalent. Antiscalents may indirectly impact marine biota where these or other divalent ions are important in spontaneous processes, [6pg 9].  Antifoaming agents used in MSF plants are not regularly used in RO plants and thus are not an environmental concern. Coagulants are used in RO plants for the primary filtration of intake water and are not considered to be toxic. They are however, associated with increased murkiness at discharge sites when filters are backwashed, (Lattemann & Höpner, 2008). Filter backwashing may lead to the attraction of organisms or marine life due to different feeding habits or also entomb seabed creatures, (Lattemann & Höpner, 2008). Cleaning agents such as detergents and oxidants are also used and can have both alkaline and acidic properties. Some of these agents can be harmful to marine life, (Lattemann & Höpner, 2008).
 
A 2008 report on desalination noted that lack of funding was an issue holding back the major progress in desalination especially in the terms of understanding environmental effects, (The National Academy of Sciences, 2008). The report showed how funding at the federal level dropped significantly in the 21st century; down to just about $10 million in 2007, where two years earlier funding was at $24 million. About $25 million annually was estimated to be necessary to meet goals in improving the understanding of environmental impacts and lowering the financial cost associated with desalination. Much of the funding is actually taking place in the private sector, and at a much higher level. This is seen in the case of California, where companies are initiating pilot projects to show more environmental effects, to stay current with state laws, (The National Academy of Sciences, 2008).

There have been a lot of concerns in recent years in regard to impacts on the environment and marine environment as we become more aware of our actions. Concerns have heightened as we have improved our understanding of marine life and ecosystems. Environmental Impact Assessments (EIA) are now more prominent than they were in the past when RO and MSF technologies were being developed. It is important to look at these studies to have a larger understanding of the real consequences of ocean desalination.  The following are case studies to illustrate a few of these impacts.

3.0  Analytical
3.1 Case studies

3.1.1 Canary Islands, Spain

Spain set fourth regulations starting in 1986 to “preserve their natural resources and sustainability including the environmental impacts from seawater reverse osmosis desalination plants”, (Sadhwani, Veza, & Santana, 2005). In the 1990’s, amendments to this legislation included mandatory ecological assessments of certain activities whether private  or publicly controlled, including desalination plants producing more than 5,000 cubic meters per day of fresh water.  A 2005 report looked at EIAs from 5 RO plants in the Canary Islands, Spain where several environmental concerns where found. It is important to note that these RO plants are fairly small, producing less than 8,000 cubic meters per day of fresh water.  Although these EIAs are fairly crude, focusing on the discharge and chemical concentrations used in cleaning or scale prevention, they do provide insight into marine effects.  The 5 Seawater RO plants that were studied included plants in Bocabarranco Beach, Arucas, Rogue Prieto, La Aldea, and Maspalomas.   9 of the measured ocean intake water constituents at Bocabarranco Beach included: Calcium (450 mg/L), Magnesium (1520 mg/L), Sodium (11,415 mg/L),  Potassium (450 mg/L), Bicarbonate (250 mg/L), Chloride (20,800 mg/L), Sulphate (3,110 mg/L), Silicon (5 mg/L), and Total Disolved Solids (38,000 mg/L), (Sadhwani, Veza, & Santana, 2005).  Discharged brine was roughly twice the amount of the intake water. These conentrations can be extended to Arucas, Rogue Prieto, and La Aldea plants, (Sadhwani, Veza, & Santana, 2005). They all were very similar. Maspalomas brine discharge was more elevated due to a 15% increased recovery of fresh water. Here, total dissolved solids, (TDS), were at around 90,000 mg/L.  Discharges of the brine were all, except for La Aldea, along the ocean coast. La Aldea discharged their brine in the open ocean.  It was only noted that 2 of the plants utilized indirect intakes. The other 3 did not specify intake type.  Upon review, the most concerning impact was the brine discharge. Although usually diluted with other wastewater sources, the brine was still elevated.  2 species were directly found to be effected by the coastal deposit of brine and included a sea grass and a red algae; in some instances they were completely wiped out downstream and along the coastal deposit range, (Sadhwani, Veza, & Santana, 2005). 
3.1.2 CypruS
A 2002 paper discussing concerns about the environmental footprint of ocean desalination, details more open ocean brine discharges, (Einav, Hamssib, & Periyb, 2002). The Dhkelia, Cyprus desalination plant had a brine discharge pipe protruding about 150 meters into the ocean. It was found to have negative impacts on the marine biota and several species were completely wiped out up to 200 meters away from the discharge site due to increased salinity levels. 
Studies at a Maspalomas plant, having a medium sized operation of a little over 15,000 cubic meters per day of fresh water also had a brine discharge pipeline. This pipeline was 300 meters in length and situated perpendicular to the coast where it extended toward the ocean shelf and fall off. This assessment noted a large brine plume 100 meters away from the pipeline that was growing toward the fall off, probably due to the slope of the shelf. The plume was a little more than 50% of its original brine concentration showing not much dispersal or dilution, (Einav, Hamssib, & Periyb, 2002). This assessment also noted visible impacts to marine biota near the discharge site. 

3.1.3 Spain’s Posidonia grasslands in the Mediterranean Sea

Seawater salinity naturally ranges from 35,000-38,000 ppm. A paper citing a 2003 study about RO brine salinity impacts, concluded several species were impacted over a short period of time, (Medeazza, 2005). Mortality of the crustacean genus leptomysis and the sea urchin, along with the posidonia grasslands, showed significant decline when salinity rose from 40,000 to 45,000 ppm. Over half the population of marine water plants died in about a 2-week period, (Medeazza, 2005).

3.1.4 Florida

In 2003 a seawater desalination plant began operating at 25 million gallons per day (MGD). If operated at max capacity, the plant will produce 19 million gallons of brine per day [10pg16]. The plant was developed so that its brine discharge would be mixed 1 part to 70 parts of a nearby power plant’s OTC water. This was then pumped to a nearby bay. To measure and classify any environmental and marine impacts, the Shannon diversity index was employed. It was found that less than the 25% point of reference for change was observed. In essence, it was found and concluded that no significant effects on marine biota were observed, (Cooley, Ajami, & Heberber, 2013).   

3.1.5 California (Santa Cruz and San Francisco Bay)

Here 2 small studies noted in a California report about ocean desalination, portray the possible effects at intake sites.  The study that took place in Santa Cruz lasted for a little over 1 year and monitored a small scale pilot RO plant producing .07 MGD. Based on estimated entrainment amounts from sampling and video surveillance for impingement at the intake, they found that no significant effects would impact the marine biota. This was based on the fact that the level of affects are below the levels where mitigation would be required by California law. Another reason was that no endangered species were found during their testing, which would have had caused mitigation steps to take place. The study that took place in the San Francisco Bay area was the same size plant but only lasted for 6 months. Conversely, this pilot plant’s intake was located in an estuary, rather than an open ocean.  It also found a high population of delta smelt, an endangered species. Due to the increased number of marine biota in the vicinity compared to the open ocean and the presence of Delta smelt, the assessment concluded a high degree of marine impact and noted mitigation procedures would be needed due to California law, (Cooley, Ajami, & Heberber, 2013).   

3.1.6 Perth, Australia

In 2006, a 38 MGD RO desalination plant began operating in the bay, Cockburn Sound. Brine disposal is done via a 1,500 foot long pipe where a little over one third of the pipeline is situated with diffusers angled upward 18 inches above the seabed. Dilution of the Brine is at a minimum of 45 fold at a radius of 50 meters from these diffusers. Also, it is important to note that particulates from the pretreatment backwash filter are not disposed of with the brine. They are instead put into a landfill. This helped limit the associated increase in murkiness and sediment that could entomb seabed creatures. Baseline measurements of the marine habitat and water quality were made a half year prior to the opening of the plant and included sites in close proximity. The most significant finding after the plant began operating was that the levels of dissolved oxygen were lower than permitted along the seabed. This happened twice in 1 year and each time, resulted in reduced plant production of water, to mitigate the reduced DO, (Cooley, Ajami, & Heberber, 2013). 

There are some noteworthy limitations to the available information. Unfortunately, it is hard to find environmental assessments for large scale operating plants such as those in Saudi Arabia and Kuwait; for the most part, environmental impacts and recognition of these impacts are absent, (Einav, Hamssib, & Periyb, 2002).  This can be attributed to national policies and regulations at the time the plants were put into operation. Generally, EIAs are often not complete and offer limited data, which are based on anecdotal observations. More recent articles often show laboratory testing or small pilot studies to mimic full-scale plants.  Some studies suggest even small fluxes in salinity can be lethal to organisms. For example, small fluxes in the magnitude of 3 parts per thousand above normal have had detrimental effects, (Cooley, Ajami, & Heberber, 2013).  In addition, it is important to note, that many EIAs only focus on mortality and often do not look at effects that are sub-lethal, (Cooley, Ajami, & Heberber, 2013).  

4.0  California perspective
Because of water shortages in California, municipalities are led to the need to find additional sources. In essence, does desalination have to be the only option for Southern California? The western part of the US has many arid and dry cities that often depend on importing water, or channeling it from the Colorado River over long distances for use in a city far away. The advances in ocean desalination have recently opened the door for new water options, potentially replacing or in conjunction with current methods.  For those cities that rely on water conveyance, ocean RO desalination is about 5% more energy efficient, (Shrestha, Ahmad, Johnson, & Shrestha, 2011).  This may be the new trend, where RO costs ultimately are reduced, making the technology more viable and possible. Water reclamation, recycling, and conservation are all strategies that have been implemented in Southern California. However, the growing idea that ocean desalination can be drought proof in nature really does make the idea very hopeful.

Trends in RO costs have been reducing over recent years. Municipal water costs from cities of San Diego, Monterey, Perth, Sydney, and Barcelona were taken into account, where costs showed a steady increase from the 1970’s through the beginning of the 21st century, (Wateruse Association, 2012).  To date, there has been about a 300% increase in costs. In contrast, RO plants have shown about a 50% reduction in associated production costs from the 1980’s to the beginning of the 21st century, (Wateruse Association, 2012).   There is also an additional advantage to construction cost by plant size.  The larger the plant is, there is more production of water, and consequently there is less cost emphasized on the construction of the plant, (Wateruse Association, 2012).   
In California, desalination is becoming more favorable as new technology drives RO costs down and as current municipal resources become more expensive. A 2009 report detailed that the average energy required for an ocean desalination plant is about 4000 kWh per acre foot, where 1 MGD is equivalent to 1120 acre feet per year, (California Water Plan, 2009). Based on a not for profit collaboration effort, it was claimed in 2009 that reductions for energy requirements have the potential and should be able to be reduced by about 50%, (California Water Plan, 2009). However, this will take both cutting edge technology in energy recovery devices and membranes (California Water Plan, 2009). If applied with renewable energy sources, a much further reduction in costs could be achieved really highlighting the advances in desalination. 

Since 2002, California has been in at an initiative to pursue ocean desalination. This can be seen in the legislative bill signed into law which ultimately created the California Water Desalination Task Force under the Department of Water Resources- DWR, (California Water Plan, 2009). In addition, in 2002, the Water Security, Clean Drinking Water, Coastal and Beach Protection Act designated over 50 million dollars in financial grants to further the science behind desalination, (California Water Plan, 2009). A 2 year span of grants for over 45 projects resulted and furthered California’s advancement in areas of desalination. In 2009 there were 20 water reclaiming desalination plants that operated to purify ground water, 6 ocean water desalination plants in operation, and 3 in the works including the Carlsbad plant, (California Water Plan, 2009). The total plant productions of the 6 ocean water RO desalination plants was less than 2 MGD, (California Water Plan, 2009). As of December 2015, there were 10 existing ocean desalination plants. However, today only 7 of these are functioning, (Pacific Institute, 2016). Of these, only 2 are new, having been built within the last 10 years, including one of the largest desalination plants in the North American region, Carlsbad, (Pacific Institute, 2016). The Carlsbad plant, opening in December 2015, has an estimated capacity of producing 50 MGD, (Pacific Institute, 2016). To produce this amount of water, the plant will take in at least double this amount of seawater and will have about an equal amount of brine to dispose of.  Having to dispose of 50 MGD of brine adds to the controversy whether such a large plant should exist at this time or whether improvements to brine disposal still needs to be considered.  Considering the plant being so large, the focus on California’s right to desalination should take the Carlsbad plant as an example to lead the industry and set the standards for environmental safeguards.  

The Carlsbad plant utilizes the adjacent Encina Power Station open ocean intake and discharge piping, (Cooley & Donnelly, 2012). As of June 2016, the intake part is still waiting to be upgraded to meet environmental regulations to mitigate entrapment and entrainment of marine organisms, (San Diego County Water Authority, 2016). The plant’s pretreatment process includes a sand and anthracite filtration step prior to membrane filtration. This should help with biofouling and lessen the chemical usage. The product water of the RO process is re-mineralized and transported 10 miles into the region aqueduct where it can be mixed with regional water prior to household distribution. The amount is equivalent to about 42-50 MGD and enough water for about 400,000 people or about 30% of San Diego County’s produced regional water supply, (San Diego County Water Authority, 2016).  On average, each household will see about a $5+ increase on their water bill, (San Diego County Water Authority, 2016).  An annual inflation rate of 2.5% is expected to be associated with this water, compared to annual inflation increases close to 10% for imported water; this is said to be a more efficient and cost effective process, (San Diego County Water Authority, 2016).  

The Carlsbad plant has been environmentally compliant according to California law in aspects related to marine life, where mitigation measures such as rebuilding habitats are needed and are based on the amount of marine life entrained in the desalination process, (San Diego County Water Authority, 2016) (Szeptycki, et al., 2016). The Plant is actively rehabilitating over 60 acres of wet lands in the San Diego Bay and over 35 acres in the 400 acre Agua Hedionda Lagoon,  which the plant owners are also accountable for maintaining, (San Diego County Water Authority, 2016). 

In the US, specifically California, laws around RO ocean desalination keep changing. The 1967 California Water Code set the standards for waste discharge and disposal for industrial facilities, and includes a section about protecting the ocean, Ocean Plan. This is in conjunction with the Federal Clean Water Act. Updates to these laws were made in the early 21st century and include more policies around protecting the ocean. One highlight is the mandate that brine discharge will not be permitted to mix with ocean water for dilution purposes. This is similar in method to power plant OTC systems, which will also be phased out to prevent open ocean impingement and entrapment impacts, (Cooley, Ajami, & Heberger, 2013)  In 2007 the State Water Board initiated a large phase project to learn and identify key points that need to be addressed by law for the future of desalination. It consisted of an expert panel of reviewers and regional stakeholders to develop a Desalination Amendment under the Ocean Plan. In 2014 the first draft of the amendment was released and included 4 main components aimed at protecting ocean marine life covering all operations of the desalination plants including initial construction, (California Water Boards, 2015). The 4 components are:

·  “Clarify the State Water Board’s authority over desalination facility intakes and discharges

· Provide direction to the regional water boards regarding the determination required by Water Code section 13142.5, subdivision (b) for the evaluations of the best available site, design, technology, and mitigation measures feasible to minimize the intake and mortality of all forms of marine life at new or expanded seawater desalination facilities.

· A salinity limit in marine discharge areas that is applicable to all desalination facilities. This limit will ensure that brine discharges to marine waters do not cause adverse effects to marine life.

· Monitoring and reporting requirements that include effluent monitoring, as well as monitoring of sediments and the health of bottom-dwelling organisms to ensure that the effluent plume is not harming marine life beyond the brine mixing zone,”  (California Water Boards, 2015).
This Amendment was signed into law on January 28, 2016 

Brine can be disposed of a variety of ways, but California RO plants will solely dispose of the Brine directly into the ocean, (Cooley, Ajami, & Heberger, 2013).  By California law, the brine must be diluted, (Little, 2016). The Carlsbad plant specifically has each gallon of Brine diluted to 4 gallons of OTC sea water, (Little, 2016).
Currently, as of May 2016, California law extensively says that at the discharge site, there is a 100 meter threshold where after this 100 meter radius, the salinity cannot be over 2 parts per thousand above ambient, (Szeptycki, et al., 2016). The law also favors the use of either active diffusers at the discharge site or mixing with municipal waste water discharges where “the combined discharge would have fewer overall effects than the 2 separate discharges”, (Szeptycki, et al., 2016).

Considering what the amendment says and does, it is important to look into many of the ways that the intakes and specifically the brine discharge methods can be adapted or modified so that they are more environmentally sound.  Methods may not be required by law, but would be beneficial at protecting our ocean marine life.  For intakes, there are a few ways that marine biota can be deterred, especially if open ocean intakes are being utilized instead of subsurface intakes, such as the Carlsbad plant. These include “physical barriers” and or “behavioral deterrents” to mitigate entrapment and impingement, (Cooley, Ajami, & Heberger, 2013). Barrier nets, traveling screens, Ristroph screens, wedgewire screens are all different types of barriers that have more or less efficacy. In general, nets don’t help in mitigating entrainment of small organisms. Traveling screens are what have been usually associated with power plant cooling water intakes. Ristroph screens are modified traveling screens that also try to separate out organisms so that they can be returned to the ocean. However, these lead to possible fish mutilations and subsequent fish feeding zones, (Cooley, Ajami, & Heberger, 2013). The more promising type of screen is the wedgewire screen that incorporates both, “fine-mesh screen with low-velocity intakes,” to increase marine biota survival by about 20% compared to other types, (Cooley, Ajami, & Heberger, 2013). However, there are two drawbacks to this type of system. One drawback is that these are more prone to clogging and increased effort to clean the screens would be required. In addition, the low velocity would not be easily adapted for larger plants. Due to the increase velocity of larger desalination plants, there would less survival of the organisms, (Cooley, Ajami, & Heberger, 2013).  Behavioral deterrents are often thought to include obstacles to scare away organisms from the area. Tested deterrents include Air-bubble curtains, strobe lights or sound waves, and velocity caps. Air-bubble curtains have only been identified effective in a small number of studies and suggests this may not be a viable option, (Cooley, Ajami, & Heberger, 2013). Strobe lights and sound wave deterrents have also no supporting evidence of strong ability to ward away sea organisms. Often, these have only been effective toward specific species and may cause unwarranted stress to other organisms. Velocity caps seem most promising as they work by changing the flow of the water surrounding the intake to elicit an avoidance response of surrounding marine life.  However, small organisms that are not easily able to maneuver may not be effected and consequently will still be entrained in the process, (Cooley, Ajami, & Heberger, 2013).  Unfortunately, all open ocean intakes will have the potential for both impingement and entrapment. As of May 2016, California policy prefers the use of subsurface intakes but these are not required by law, (Szeptycki, et al., 2016). “After-the-fact mitigation” is however required for the death of all entrained organisms, (Szeptycki, et al., 2016).

Brine discharge effects are thought to be lessened by a variety of options. One option is solely by dilution. Brine can be mixed with ocean water, or waste water from other effluents such as OTC water or municipality waste water prior to its discharge in the ocean. However, OTC and waste water effluent can impose other qualities onto the brine mixture such as increased temperature or increased organic material.  In addition, diffusion of the brine discharged directly into the ocean can happen actively or passively.  Active diffusion such as the addition of diffusers along a discharge pipe can create enough turbulence to mix and dilute the brine with surrounding water to a safer level. Other options include direct discharge to the coastline where mixing can occur passively. This however, has been shown to have fatal impacts on several marine life species.  Another method to dispose of brine would be deep well injection, or to confined aquifers.  However, these could also have detrimental consequence in themselves as it would pose an increased potential risk of salt contamination to fresh water sources.  Additional options for brine disposal include a Zero Liquid Discharge, ZDL, an evaporation process that leaves the solid salt residues behind for alternative use or disposal.  Khames et al. proposed the idea to use brine discharge in the commercial production of valuable salts and minerals, (Khamis & El-Emam, 2016).  This zero liquid discharge process can yield a supply of salts can reaching about $16 million annually from roughly 1.5 million cubic meters of brine discharge, (Khamis & El-Emam, 2016).

It is important to note, that the less the amount of chemicals used in in the process of RO desalination, the less the amount of chemicals that will need to be taken into consideration for disposal. 

Suitable brine disposal is a challenge when looking for suitable ways to mitigate the effect of desalination on marine life. Particularly in California, where water shortages are a big problem and environmental concerns keep updating laws surrounding intakes and discharges. Mixing Brine with waste effluents doesn’t seem like a viable option for a county where water re-use is initiated. In addition, deep-well injection doesn’t look practical because it is expensive and would also pose an increased risk for contaminating already minimized fresh water sources. Open ocean Intakes for OTC water in power plants are also slowly being phased out of use by environment regulations. Therefore diluting brine with OTC water is also not a viable option in the long term. 

5.0   Concluding Remarks

To exemplify Southern California’s need for water we can focus on San Diego County. The implementation of water conservation programs has been helpful. The total consumption of water is approximately 12% less than it was about 25 years ago. Based on population increases of about 30% and an economy growth of about 80%, Southern California is in desperate need for water as water conservation cannot solve the growing need, (Little, 2016). Ocean Desalination does look promising, but still needs much work on creating the best practices for creating fresh water. 

Of the total water on the Earth, less than 3% of it is fresh water, (Lattemann & Höpner, 2008).  Much of this is frozen; so only a small portion of the 3% is actually available, (The National Academy of Sciences, 2008). Considering both the limited availability of fresh water and the increases in population growth around the world (including Southern California) and the growing need for agriculture, water demand is increasing. Sometimes water supplies diminish due to drought or exhaustion, desalination seems to be an evolving alternative measure. As technology has increased, the methods of desalination have also become more energy efficient.  Although still more costly and energy dependent than most traditional water sources, cost trends for RO desalination show a downward slope which looks to continue into the future.  However, because RO desalination Plants in Southern California are or will be using the ocean as their source water, the possible consequences to the ocean are a major concern. These mostly affect marine biota and ecosystems due to discharge of the brine and at the intake source because of entrapment and entrainment of the marine biota, (Lattemann & Höpner, 2008).  The state of California is actively on the path to protect our oceans as seen in the January 28, 2016 Amendment to the Ocean Plan. It seems that the law usually is slightly behind the industry as it keeps advancing. The Amendment will help the future of ocean desalination. As plants continue to be built, the best available technology will need to be utilized including membrane types, energy efficiency, intake types, and discharge methods. 

Improvements to protect our oceans can be much better and should be improved to limit lethal effects on marine life. Although mitigation measures are required by law for open ocean intake mortality, ideally measures to create subsurface intakes a requirement by law, would help limit ocean mortality effects. In addition, brine effects are the major concern for long term exposures to marine organisms. Limiting contact with brine is the best option to reduce the potential burden on the marine environment.  Alternative options for brine discharge should definitely be considered. A zero liquid discharge seems to be the best option. In addition to the potential commercialization of such a task, the profit could help offset the costs associated with ocean desalination making the projects more financially feasible, especially for smaller communities. 

Additional concerns over the use of chemicals in RO plants should be addressed. Chemicals are often thought to make the process more efficient by reducing scale formation and prevent biofouling of the membranes which can increase energy demand and ultimately cost, (Katebian, Gomez, Skillman, Li, & Ho, 2016). These chemicals such as biocides and Cleaning agents often have brominated organic by-products which have been thought to have similar effects of chlorinated species, (Lattemann & Höpner, 2008).  Ideally they should be limited or even phased out to a safer form of chemical. The improvements in better membrane material would also help avoid chemicals. Research highlighting some thinking around this can be seen in an article aimed at inhibiting quorum sensing pathways of bacteria thought to be involved in biofouling. The results show promising reductions of biofouling with the use of natural and non-toxic inhibitors, (Katebian, Gomez, Skillman, Li, & Ho, 2016). However, the feasibility for their use still remains unpractical as large quantities of the inhibitors would be needed in solution with the ocean water intake. A more practical measure would be to incorporate surface modifications to the membranes aimed at preventing biofouling. Jee et al. demonstrated membrane surface modification using a GPPTMS to increase membrane hydrophilicity to test their hypothesis that biofouling can be attributed to membrane hydrophobicity and rugged exterior, (Jee, Shin, & Lee, 2016).  By laboratory experimentation, it was demonstrated that treated membranes were less fouled than non-treated membranes, (Jee, Shin, & Lee, 2016). In addition, incorporation of indirect intakes as a requirement by law would also reduce the amount of chemicals used in the process and therefore, reduce the chemical constituency of the brine. 

Increases in technology and improvement to industry standards will ultimately help the future of ocean water desalination. Unfortunately, reasonable practices to safeguard the environment will only be enforced if the necessary laws are in place.  In the case of seawater desalination, the oceans are experiencing profound effects all around the world. In California, the intentions to preserve our ocean marine environment are being seen with mitigation measures. In my opinion, there is a difference between prevention and after-the-fact mitigation. Prevention efforts have not been a priority.  We are really not doing enough to prevent marine effects. Looking back at the article and questioning if we really are attempting the wrong solution at the wrong time. I would argue it is the right solution, but at the wrong time. We are still years away from creating a perfect scenario as improvements in the technology are still taking place. But in a time when Southern California is in urgent need of water, desalination is an almost perfect source of drought proof water.
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