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Abstract
The objective of this project is to design a direct potable reuse facility that is capable of
supplementing drinking water sources to the city of San Diego, CA, while minimizing the
amount of chemicals added throughout the process. The proposed facility is designed to
accommodate 72 million gallons of wastewater per day and treat the influent using numerous
pieces of equipment that remove particles based on particle diameter or mass. In addition to
using filtration medium to remove particulates, aeration tanks containing activated sludge
promote biological digestion while continuously stirred tank reactors irradiated with ultraviolet
light and injected with hydrogen peroxide disinfect and oxidize biological and chemical
constituents. The economic analysis estimates the proposed facility to cost $557 million dollars
and have a lifetime of 25 years. Additionally, the net present value after the 25-year lifetime of
the facility at an interest rate of 9% is - $2 billion. Due to the need of increasing the water
supply for expanding populations and anticipation of future droughts, the proposed design is
recommended for implementation. However, a pilot-plant or demonstration facility should be
performed due to the sensitivity of the equipment in the facility to the influent water quality.

Roles and Responsibilities of Group Members
This report is the product from a collaboration by Abdul Alquahtani, Chris Anthony,
Andrea Byrne, Logan Robinson, and myself. Although each individual was responsible for their
respective sections in the report and specific pieces of equipment, all group members assisted
one another in writing each section to ensure the information was detailed and accurate. Due to
majority of the values within the design of the facility being empirically acquired, many figures,
such as removal rates and chemical concentrations are obtained from literature searches, as well
as collaborating with employees in industry.
My responsibilities during the design process was to identify techniques that could
effectively remove particles, bacteria, pathogens and viruses and determine if the current
requirement to use reverse osmosis could be mitigated, due to the high energy requirements and
slow purified water flow rate. Ultimately, ultrafiltration and nanofiltration were chosen for the
process due to their high contaminant removal rates that complied with U.S. EPA and California
drinking water standards. Within the report, I was responsible for describing and rationalizing
all of the equipment that was selected throughout the process including sizes and design
characteristics. The equipment rationale combined information from literature, as well as
information from individuals in industry. Also due to my familiarity with the big picture of the
project, I created the block flow diagram for the complete process, the process flow diagram for
the disinfection section of the facility, and compiled all the data and calculations for the stream
and equipment tables.
Andrea Byrne completed a very crucial part of the project by comparing the entire list of
chemicals within the San Diego treated water effluent to U.S. EPA and California drinking water
standards to make sure the water at the end of the disinfection process was within compliance.
Additionally, Andrea was responsible for identifying and sizing equipment that would make up
the primary treatment section of the facility. Within the report, Andrea was in charge of the
executive summary, conclusion and recommendations, as well as helped on the process and
equipment description of primary treatment.
Chris Anthony was responsible for identifying the most efficient yet cost effective
method and equipment for the ultraviolet light and advanced oxidation step. This step was of
major importance because this part of the process would allow the proposed facility to minimize
chemical usages. Furthermore, Chris also identified additional alternatives that could be
implemented, such as using ozone rather than hydrogen peroxide. However more literature was
deemed necessary to be published on the topic to adequately compare the alternative. For the
report, Chris was responsible for describing the process throughout the facility, as well as
rationalizing the overall design using literature to support the claims.
Abdul Alquahtani investigated the process and equipment necessary for secondary and
tertiary treatment. Additionally, since our site location does not have an abundance of open land,
equipment selection and design heavily focused on achieving the highest removal rates with
minimal land requirements. Due to Abdul’s strong understanding of the wastewater treatment
process, he put together the wastewater treatment process flow diagram and stream tables, as
well as assisted in writing the process and equipment description. Additionally, within in the
report Abdul performed all of the economic calculations, analysis, and hazards.
Logan Robinson was in charge of the secondary disinfection stage and ensuring the water
at the end of the process met state and federal drinking water standards. In doing so, Logan

helped Andrea sort through all of the drinking water standards and regulations that applied to the
project. Within the report, Logan’s roles were writing all the components of the introduction, the
safety and environmental statement, as well as addressing the issue of public perception around
our project.
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EXECUTIVE SUMMARY
Direct potable reuse (DPR) is an older concept that is recently gaining attention as the
world begins to determine more ways to reduce environmental impact and produce more clean
water as the human population and demand for water soars. This form of water treatment
pumps untreated municipal wastewater into a DPR plant and treats the water to the point of
potability. In the past, DPR has been tried in small communities around the globe, but it has
not yet been implemented on a large scale. The city of San Diego, CA, is a prime location
with which to test a scaled-up and innovative DPR plant design.
The use of harmful chemicals has been minimized during the treatment process,
utilizing only hydrogen peroxide and chlorine at the lowest effective doses to disinfect the
water to meet U.S. EPA and California Dept. of Public Health drinking water standards.
Reverse osmosis, an energy-consuming step in water treatment, has been replaced with
nanofiltration, which uses half the energy required by reverse osmosis. Nanofiltration also
eliminates the need to add minerals to the water, further reducing chemical usage.
The most significant obstacles to implementing a DPR treatment plant are economics
and public perception. It is costly to treat 72,000,000 gallons of water per day to meet
drinking water standards, but with San Diego’s geography preventing groundwater recharge,
the city does not have many other alternatives that are as feasible as DPR. Therefore, if San
Diego were to invest the $557 million to build, operate, and maintain this plant for the next 10
years, it becomes relatively feasible. Public perception, though, creates a high risk for
investing in such a system. Many people do not want to think they would be drinking treated
wastewater. However, as the case studies have shown, if effective methods of education and
communication are used to increase awareness about the ability of technology to ensure the
water in their homes is clean, this plant could be implemented without much opposition from
the public.
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Section I – Introduction/Background
Section I.1 – Overall Goal
The lack of clean and safe drinking water is a rising crisis in many cities across the
United States and around the world. As this issue becomes more prevalent, the ability to
utilize and recycle water more efficiently will quickly become a top priority in any modern
city if it is to maintain economic and social growth. With this being the case, the city of San
Diego, CA is looking to produce an innovative water treatment plant that will operate as a
direct potable reuse (DPR) system. In other words, instead of treating wastewater and
releasing it into the environment, the plant will continue to treat the water all the way to
drinking water quality as defined by both federal and state regulations.
There are several objectives in the design of the DPR treatment facility in San Diego
that need to be met in order for the treatment facility to be considered a state-of-the-art
improvement to the already existing infrastructures in the city. The main objective is to
design the facility to treat and discharge 72,000,000 gallons of water per day. This is
approximately equivalent to 1/5th of the total wastewater generated in San Diego (Trussell et
al. 2011). In addition to this demand requirement, the treatment plant needs to employ the
latest technology and treatment practices to ensure minimal chemical usage, relatively little
change in operating costs, and maintain the same or even higher water quality as defined by
both the Safe Water Drinking Act and California Safe Drinking Water Act.
In addition to the development of the treatment plant, special design considerations for
waste storage and removal, disinfection chemicals, and chemical reactions occurring during
the treatment process need to be developed. The treatment of waste water produces activated
sludge that needs to be broken down as much as possible and finally removed from the site.
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One of the minor objectives of the treatment plant is to use this sludge as a viable commodity
through fertilizer, power generation, or any other alternative that can reduce the impact the
sludge has on the environment (Cai et al. 2004). The chemicals and processes used during
disinfection need to be designed and/or used in a method as to reduce the amount of
disinfection byproducts created through chemical reactions in water that are harmful to human
health. Meeting this objective is paramount to the overall success of the design project.
Section I.2 – Current Market Information
The DPR plant will produce water that meets the regulations set forth by the state of
California and U.S. Environmental Protection Agency (EPA). Under these statutes, the final
product needs to achieve a 2 log removal of Cryptosporidium, 3-log removal of Giardia, and a
5-log removal of viruses. In addition to these requirements set for by the EPA, the water must
also keep all the contaminants under the limit set forth under Title 22 of the Primary Drinking
Water Standards (“California Drinking Water-Related Laws” 2012).
Obviously, the demand for drinking water will never cease to exist and as populations
continue to rise in major cities, the physical demand will only increase. San Diego already
uses approximately 360,000,000 gallons of water per day. On average, the overall price per
hundred cubic feet of water in San Diego is $3.75 (“Water Rates” 2011). It is vital to keep the
price of water around this range to ensure that there are no dramatic changes in economic
activity that could be crippling to the community.
The designs of DPR systems are rising in popularity due to the fact that there has been
a sudden realization that clean drinking water is a rare commodity that everyone depends on.
DPR systems have a major advantage because they reduce the amount of water being wasted
due to human activity. Most water used is for non-human consumption and all of this water
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gets discharged to the environment in traditional treatment systems (Trussell et al. 2011). The
ability to clean this water and send it back to the point of use is crucial in the overall reduction
of water loss in a community. Since saving as much water as possible will continue to grow
in importance in communities everywhere, the investment in the design and implementation
of a DPR system in San Diego is a worthwhile endeavor.
Section I.3 – Project Premises and Assumptions
In the design of the direct potable water reuse facility, there were several key pieces of
criteria that had to be kept in mind. The first and upmost criterion is the location of the
treatment plant is in San Diego, California. The design of the plant must consider the
restriction in land available and the added drinking water requirements of the state of
California. In addition to the restriction of land space, there is also a restriction in pumping
water into the ground as the geography of the area doesn’t allow for infiltration (Marshall
2011). As part of the added requirements from the location, the design of the plant must
conform to Title 22 of the California Clean Drinking Water Act. In particular, the plant must
have 5-log removal of viruses in the downstream residual. In general, all drinking water
facilities are required to have reverse osmosis (RO) unless there is significant proof that
another process is just as or more effective (“California Drinking Water-Related Laws” 2012).
Keeping these requirements and the project objectives in mind, an entire DPR system must be
designed in an economical fashion.
In order to design a preliminary DPR facility, there were several assumptions that had
to be made. Many particular processes in the plant have their own unique assumptions while
the overall design followed a few big picture assumptions. The first major assumption made
was that all bench and pilot scale studies scale up linearly to a fully developed treatment plant.
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This assumption produces the greatest variable in the design of the plant, but is a necessary
assumption due to the fact that there are relatively few fully developed plants that use a DPR
system on the magnitude that this plant was designed for.
Another major assumption in this design is that all monitoring systems for regulating
the Safe Drinking Water Act and California Safe Drinking Water Act are in place and that the
process meets these standards as so long as there is literature to support the claim. In addition
to this assumption, it is also assumed that the chlorine disinfection is adequate enough to meet
the regulations required without generating disinfectant byproducts. This assumption is made
since it is impossible to know the exact dosage of chlorine required to prevent disinfectant
byproduct formation downstream from the plant without full scale studies. The basis of this
design will assume that the provided dosage will be the rough average dosage required so that
pricing and implementation can be provided.
There are several minor assumptions made in each step of the overall process, many
backed by creditable literature and/or professionals in the field. These assumptions have been
made because there are no guarantees on their accuracy until the facility is constructed and
fully tested. The first minor assumptions are made in the primary treatment of the wastewater
entering the plant. It has been assumed that the bar screens and grit chambers remove 100%
of particles bigger than the pore size of the filters. In addition, the primary settling basins
remove 60% of the total suspended solids and 30% of the biological oxygen demand (Avra
Valley Site Tour, March 20th, 2012).
In the secondary treatment of the wastewater stream, it is assumed that sand filtration
removes 95% of bacteria and viruses in addition to 99% of the BOD (Cooke 2002). These
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values are highly supported by literature and by practice in active wastewater facilities so this
is a very safe assumption in the process.
In the tertiary treatment process, including ultrafiltration and advanced oxidation
process (AOP) there were several necessary assumptions. The first assumption is that the
ultrafiltration removes all of the turbidity and remaining suspended soils in the process
stream. It is also assumed that 99% of the permeate is retained after the process which ensures
minimal water loss during the process (Cooke 2002). The AOP is assumed to use an average
dosage of 2 mg/L of H2O2 (Kommineni et al. 2011). This is assumed so economic
calculations can be made that would be fairly accurate to the real price after the process is in
operation. In reality, the dosage of H2O2 will change with varying total organic carbon
concentrations in the water. The AOP process is also assumed to use self-cleaning ultraviolet (UV) lamps so the labor and potential downtime of cleaning could be neglected.
Finally, the addition of chloramines after the AOP will be sufficient to eliminate the formation
of radicals that could destroy the membrane of the nano-filtration process (Avra Valley Site
Tour, March 20th, 2012).
With these assumptions in place, the design and description of the complete process
was made possible. It is known that the final economic cost of this process will vary by +/25% of the actual cost. Though this is quite a large range of variance, it still allows for the
complete analysis of the treatment process and provides adequate conclusions on whether the
plant is viable for consideration in the future.
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Section II – Overall Process Description, Rationale and Optimization
Section II.1 Overall Process Description
A visual representation of the processes described here can be found in the block flow
diagram (BFD) in Figure II.1.1 and in the process flow diagram (PFD) in Figures II.1.2 and
II.1.3. All equipment numbers refer to the PFDs.

Primary Treatment
The influent wastewater stream enters the plant at a volumetric flow rate of 72 million
gallons per day (MGD), or 111.42 ft3/s. It is initially passed through a series of three
mechanically-cleaned bar screens (F-101) with pore opening sizes of 6 mm, 2 mm, and 0.5
mm that serve the purpose of removing large debris and particulates from the stream (HydroDyne, 2012). The stream then enters a vortex grit chamber (F-102) that is designed to remove
small particles with diameters greater than 0.21 mm (Vesilind 2003). From here a flowequalization tank (TK-101) is implemented in order to stabilize the fluid flow rate and ensure
that the wastewater will enter the settling basin at a low velocity such that the settling of fine
particulates will not be disturbed. The flow equalization tank also provides the ability to
tolerate perturbations in flow rate, which is necessary since waste water has high peaks of
flow throughout the day (Ken Weber, Facility Tour, 20 March 2012). From here, the stream
enters the primary clarifier, or settling basin (TK-102). The clarifier has a residence time of
approximately 2 hours allowing for removal of 60% of the total suspended solids (TSS) and
30% of the biochemical oxygen demand (BOD) (Environmental Leverage 2003). These
processes are fairly standard and well established for initial removal of grit and particulates in
wastewater treatment and conclude the preliminary and primary treatment.
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Secondary and Tertiary Treatment
After the preliminary and primary treatment, secondary treatment is implemented
beginning with an aeration tank containing activated sludge (R-101). This process is designed
to remove residual organics and suspended solids. The process can handle a range from 0.5 to
1.5 kg BOD m-3 d-1 and remove 90-95% of the influent BOD. The first section of the tank
(25% total) will be an anoxic zone (lacking oxygen) and allows bacteria to perform
denitrification and create nitrogen gas (Gray 272). The next section utilizes aerobic digestion
so oxygen is pumped into the tank to maintain a dissolved oxygen concentration of 1 to 2
mg/L in order to promote biological growth and digestion (Junkins et al. 19). Also, the air
being pumped in will be warmed in order to maintain an optimal temperature of 27 to 32 °C
(Junkins et al. 23). In the aerobic section, ammonia will also be converted to nitrate via
nitrification (Gray 283). The concentration of sludge in the tank will be maintained at 20003000 mg/L for optimal performance (Gray 517). After the aeration tank, a secondary clarifier
(TK-103) will be used to remove the sludge from the water and will operate in a similar
fashion to the primary clarifier. From this point, the recovered activated sludge will be at an
approximate concentration of 5000 to 8000 mg/L, of which, 40-60% will be recycled back
into the aeration tank. The remaining sludge will be removed as waste (Avra Valley Site
Tour, March 20th, 2012).
The last step in the wastewater treatment side of the process is tertiary treatment which
will be executed using sand filtration. The secondary treated wastewater infiltrates the sand
bed via gravity and is diverted to the ultrafiltration unit. The sand filtration unit has removal
rates of 90 – 95% for bacteria and viruses, 95% for suspended solids, and 99% of BOD
(Hamoda et al. 2004).
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Disinfection
After the wastewater treatment portion of the plant is complete, the flow is diverted to
the “drinking” water treatment process. Upon entering this facility, the water enters into a
ZeeWeed ultrafiltration system (F-201) which is provided by GE Water and Process
Technologies. The principle behind ultrafiltration is relatively simple as it just consists of a
membrane where a transmembrane potential is developed and water filters through. The
overall cross sectional area is 550 ft2 and consists of thousands of membranes with a pore size
of 0.02 µm (GE Water and Process Technologies). Under an operating pressure of up to 13
psig, 99% of the influent is recovered with the remaining leaving as a concentrated waste
stream (Lihua et al. 2003).
From here, the permeate flows into an advanced oxidation process (AOP) which runs
in nine reactors (R-201) in parallel. The process consists of adding hydrogen peroxide in an
amount of 2 mg per liter of water inline as a slug before the reactor (Melin 147). This dosage
is an average based on current treatment plants, however, the actual dosage will vary based on
the total organic carbon (TOC) in the water. For this process, it is recommended that peroxide
be dosed at twice the assumed TOC concentration or a minimum of 2 mg per liter. In practice
the primary, secondary and ultrafiltration stages prior to the AOP unit should allow the
minimum dosage to be used in normal operating procedures. In the reactors, UV light
promotes the creation of hydroxyl radicals, which is a powerful oxidizer and disinfectant
which is particularly proficient at destroying the cells walls in bacteria (Melin 146). The UV
light will be generated from medium pressure UV lamps emitting a polychromatic spectrum
of light from 200 to 600 nm (Smeets 26-27). In addition to the creation of hydroxyl radicals,
this UV light has germicidal properties on its own that assist the disinfection process and
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excel in scrambling the DNA of viruses. Approximately 2.5 kWh per 1000 gallons of water
treated is required for proper disinfection, however, a myriad of characteristics of the influent
water could influence this causing a need for higher output. While ideally there would be no
hydrogen peroxide residuals at the outlet, this is not a plausible assumption, thus, chloramine
is added as needed to neutralize the residuals. Residuals can promote biological regrowth and
can damage the processes downstream so proper neutralization is key even though it is largely
unregulated (Dr. Shane Snyder, Personal Communication, 24 January 2012).
After the AOP process, the stream flows through a nanofiltration unit (F -202) to
remove the remaining total dissolved solids and to get the water under the secondary drinking
water standard of 500 mg per liter (Aguilar et al. 2008). The nanofiltration system is similar
in principle to the ultrafiltration and in this case is provided by Dow Chemical with the model
number Filmtec NF90. The overall cross sectional area is 400 ft2 and consists of 1.8 million
membranes with a pore size of 0.01 to 0.001 µm. Under an operating pressure of 70 psig
(Dow Chemical), 80 - 85% (Bellona et al. 2008) of the influent is recovered with the
remaining leaving as a concentrated waste stream.
The last step in the process is a secondary disinfection unit (R-202) which utilizes the
traditional disinfectant chlorine in a liquid form. The chlorine is added inline from a tank
where the flow is controlled by an actuated valve. The primary purpose of the chlorine is to
maintain a chlorine residual downstream to meet California regulations (Mansell et al. 2007).
Proper dosage should be 0.0446 mg per liter of water treated in order to maintain five-log
removal of viruses downstream without creating an excess of chlorine disinfectant byproducts. Upon residual chlorination, the water with the added chlorine will enter into one of
two holding tanks (TK-202 and TK-203) that act as an engineered buffer. A batch of water
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will be held in place while filling the other tank and during this time quality control will be
implemented to ensure the water meets drinking water standards. This also increases the
contact time for the chlorine which is required for proper disinfection. If a batch fails to meet
specifications it can either be discarded or sent back to the ultrafiltration unit and run through
the process again.

Section II.2 Process Rationale and Optimization
The bar screens are vital to the process as they prevent large particles and objects from
causing problems for the equipment further down the treatment train (Vesilind 2003). The
opening sizes for each level of debris removal were determined through general size
recommendations from Vesilind (2003) and Hydro-Dyne Engineering. The flow passes
through a series of three 40-MGD-capacity vortex grit chambers, also manufactured by
Hydro-Dyne Engineering, to remove even smaller particles from the water stream. Three
vortex chambers are recommended for our plant by Hydro-dyne Engineering in order to
ensure full removal of particulates with diameters greater than 0.21mm (Hydro-Dyne 2012).
The primary settling process will also require several clarifiers in order to accommodate the
capacity of flow that the plant will be treating. Primary settling is required in order to remove
60% of the remaining TSS and 30% of BOD present in the water (Environmental Leverage
2003). While this step will remove a fair amount of organics from the water, enough will
remain so that the activated sludge digestion is viable and effective.
For the purpose of secondary treatment, multiple options were explored to determine
the most practical option while keeping in mind the goals to minimize chemical usage and
land requirements. The three options investigated were constructed wetlands, trickling filters,
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and aeration tanks using a combination of denitrification followed by nitrification using
activated sludge. The advantages of using the constructed wetlands and trickling filter include
low construction and operation costs as the filtration medium are larger abundant materials
such as rocks, wood, and recycled plastics. The aeration tanks using activated sludge were
selected, however, due to the minimal area required, it also removes at least 10% more BOD
and TSS that the alternatives, and it has adaptability to changes in influent characteristics
including pH, temperature and organic concentrations. In addition, this method also has a
relatively low odor associated with it which is good for public relations (Avra Valley Site
Tour, March 20th, 2012). As in any compromise, there are drawbacks which include higher
operating and construction costs, solid waste generation, and a requirement of a continuous air
supply. These drawbacks are accepted as the minimization of land requirement is a key
concern due to the high cost of land and relatively low availability in the selected location.
Due to the need to obtain high removal rates of particulates to achieve compliance
with EPA and California drinking water standards, tertiary treatment is incorporated prior to
beginning disinfection. The primary source of tertiary treatment is sand filtration due to its
high efficiency in removing TSS and BOD. Additionally, sand filtration does not need to be
backwashed or recharged like activated carbon and is replaced on the order of every 10 years
while activated carbon is replaced annually. Furthermore, sand filtration greatly reduces the
stresses on downstream equipment, especially in regards to biological fouling on the
ultrafiltration system. It also reduces the energy requirement for the UV lamps and reduces
the concentration of hydrogen peroxide needed in the AOP system. The greatest downside to
sand filtration and other gravity driven filtration methods is the slow filtration rate (Ken
Weber, Facility Tour, 20 March 2012), thus requiring large areas of land. This is also another
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reason why aeration tanks were chosen so more land could be dedicated to the sand filtration
process.
The incorporation of these wastewater treatment processes is common practice within
current facilities. As a result, the treatment train and equipment are fairly standardized to
ensure adequate particulate and contaminant removal. A pilot-scale and full-scale study using
the actual influent to be treated is highly recommended before final decisions are made and
the plant is constructed.
In the disinfection processes, there were several opportunities to explore and
implement newly developed technology. The first optimization on the disinfection side of the
treatment facility is using ultrafiltration over activated carbon to pretreat the water for the UV
advanced oxidation process. One of the recent advances that allow for ultrafiltration to be
used in disinfection for direct potable reuse is its ability to be used on large scales. For
example, the Twin Oaks Valley drinking water plant currently uses ultrafiltration and treats
roughly 100 MGD. The other advantage is that despite the high volume, it is extremely cost
effective compared to the alternatives on the market. The other benefit to using ultrafiltration
is that there are basically no chemicals added to the process. According to the case study
presented by GE Water and Process Technologies on the Twin Oaks Valley facility, the
ultrafiltration membrane does not require the use of any chemicals, such as coagulants or
flocculants with the exception of the chemicals used in backwashing the membranes.
Furthermore, the high packing density of the membranes within modules further decreases
land requirements and is estimated to utilize ten times less land than other methods to achieve
the same removal rates. Furthermore, to reduce the chemical and energy requirements of the
UV advanced oxidation process, ultrafiltration can achieve 4-log removal or 99.99% of
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bacteria, such as Giardia, Cryptosporidium and viruses (GE Water and Process Technologies
2008), as well as decrease turbidity to 0.10 NTU (Lihua et al. 2009). The reduction in
turbidity is an absolute must when using UV because it allows for the UV light to fully
penetrate the stream at much lower intensities.
After the water is treated by ultrafiltration, hydrogen peroxide is added and mixed in
the CSTRs that are irradiated with medium pressure UV light. According to Dr. Shane
Snyder, UV AOP is chosen as it reduces the concentration and volume of chlorine necessary
to achieve disinfection in the last stage of the process before being sent to the distribution
networks. In addition to UV being used to form hydroxyl radicals in the CSTRs promoting
oxidation, it is also able to denature or scramble the DNA in bacteria and viruses. It is more
effective against viruses, however, because bacteria have cell walls that help shield it from the
UV light. This is exactly why hydrogen peroxide is used in the process. Hydrogen peroxide
is a very good disinfectant and is predominantly effective against bacteria as it is able to
oxidize the cell membrane, promoting cell death (Dr. Shane Snyder, Personal Communication
2 February 2012). The advanced oxidation step was chosen to use hydrogen peroxide rather
than ozone due to the higher solubility of hydrogen peroxide in water and an increase in
efficiency. Additionally, the use of hydrogen peroxide enables the process to use the more
effective medium pressure UV lamps, which require less space in the reactor simplifying the
design. Furthermore, hydrogen peroxide is delivered on a regular schedule reducing process
hazards and complications associated with generating ozone on-site. Furthermore, this AOP
system is capable of eliminating some of the chemicals of emerging concerns such as nnitrosodimethylamine (NDMA) which is a suspected carcinogen and an emerging concern.
This process will allow the plant to stay ahead of the EPA which can save a lot of money in
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the near future if new regulations are instigated (Dr. Shane Snyder, Personal Communication,
16 February 2012 and N-Nitrosodimethylamine MSDS).
Directly following the UV AOP stage is the neutralization of the residual hydrogen
peroxide remaining. It is neutralized with chloramine using static mixers to ensure sufficient
mixing. This is a very important step because if hydrogen peroxide is in the presence of iron,
which is statistically likely to be trapped in the nanofiltration membrane due to a
concentration of 2523 mg/L (Pt. Loma Wastewater), it undergoes the Fenton reaction
generating hydroxyl radicals. These hydroxyl radicals then degrade the polymer membranes
and lead to ineffective removal of TDS (Dr. Shane Snyder, Personal Communication, 5 April
2012).
In order to achieve TDS below the secondary drinking water standard of 500 mg per
liter, nanofiltration is used. This is used rather than the traditional reverse osmosis system due
to lower operation pressures that are near 70 psig compared to 150 psig for reverse osmosis.
This reduces not only the utility cost associated with the filtration stage, but also the
equipment cost as the pumps will not have to be as robust to generate the lower output
pressure. The use of nanofiltration as opposed to reverse osmosis does result in a slightly
higher concentration of TDS but this concentration is still lower than the secondary drinking
water standard of 500 mg/L (Bellona et al. 2008). The use of nanofiltration also mitigates the
need to demineralize the permeate stream which is often necessary in reverse osmosis as the
permeate tends to be corrosive to the piping downstream (Dr. Shane Snyder, Personal
Communication, 16 January 2012).
Nanofiltration is also proven to obtain similar removal rates of trace organic
compounds as current reverse osmosis membrane units as seen in Table II.2.1 (Bellona et al
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2008). In general, nanofiltration membranes are able to reject multivalent ions including
sulfate, calcium, and magnesium (Garcia-Figueruelo et al. 2009). According to Bellona et al.,
not all nanofiltration membranes have the same performance and rejection rates and therefore
lead to the selection of the Filmtec NF90 membranes by Dow Chemical (2008). In a pilotplant study conducted by Aguilar et al., Dow Chemical NF90 membranes are able to achieve a
TDS removal rate of 89 – 98% (2008). Since nanofiltration membranes are not currently
approved by the Safe Drinking Water Act or the State of California regulations, conclusive lab
results coupled with lobbying are needed to initiate change in regulatory standards.

Table II.2.1 Comparison of ultralow pressure reverse osmosis, nanofiltration, and reverse
osmosis (Bellona et al. 2008; Aguilar et al. 2008)
TMG10 (ULPRO)
NF – 90 (NF)
TFC-HR RO
Percent Recovery
80-85
80-85
80
Flux rate (L/m2 h) (gfd)
20.4 (11.8)
21.2 (12.2)
Operating time (hours)
200
200
Temp Corrected SF (L/ m2 h kPa)
0.04 – 0.027
0.09 – 0.36
0.02 – 0.007
Stabilized feed pressure (kPa) (psi)
1,140
TOC rejection (%)
98.3
98.6
96.7
Ammonia rejection (%)
96.2
93.8
94.3
UVA rejection (%)
88.3
92.8
N/A
NDMA (ng/L)
20 – 60
10 – 25
15 – 40
TDS rejection (mg/L)
92
The last step in the drinking water process is ensuring there are chlorine residuals to
prevent any biological growth between the treatment plant and the consumers. In addition to
chlorine, chloramines, and chlorine dioxide were considered. Due to their higher costs,
chlorine was ultimately selected. California requires 5 log removal of viruses in which
chlorine has been proven to achieve this removal. Since other alternatives do not have the
backing to ensure this requirement it was hard to justify a higher cost by choosing them when
they are not as well established by literature and industry as chlorine is. In addition to
chlorine being relatively inexpensive, the dosage in the plant is also very low which helps
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achieve the goal of reducing chemical usage in the plant. This is another reason why the UV
AOP system was chosen because it afforded for only a small amount of chlorine (0.0446
mg/L) to be used to ensure disinfectant residuals downstream. The UV AOP system
theoretically kills sufficient bacteria and viruses upstream resulting in a low chlorine demand.
From here it is only necessary to add chlorine to achieve a chlorine contact time (CT) of 450
mg-min/L and ensure sufficient residuals downstream as mandated by the California drinking
water standards. This is significantly less chlorine than if the plant were to use the chemical as
a primary disinfectant. In primary disinfection using chlorine, the dosage would have to be
nearly 7.9 mg/L, thus, using the AOP system has resulted in a chemical reduction of 99.5%
(Mansell et al. 2007).
Although the proposed treatment train is not traditional due to the fact there is an
ultrafiltration step prior to the UV AOP system, it has been determined that it is indeed more
effective than traditional plants that are currently operating today. Having a pretreatment step
prior to UV AOP allows for both a decrease in TDS (secondary standard) and increase in UV
lamp efficiency by reducing the turbidity of the water (Melin 117). By reducing turbidity, this
allows for lower energy requirements for the UV lamps as the light has longer penetration
distances at the same intensity. In addition, pretreatment reduces the volume of hydrogen
peroxide necessary to oxidize the remaining BOD. As a result, this also decreases the volume
of chloramines necessary to neutralize the hydrogen. The one concern with using chloramines
is the potential for them to react with natural organic matter to form NDMA (Nnitrodisomethylamine MSDS) which is a suspected carcinogen that can’t be removed by
ultrafiltration, nanofiltration, or even reverse osmosis (Bellona et al. 2008). This has been
address in the plant by incorporating redundancy in the UV AOP system as to ensure that no
natural organic matter exists. This reaction was also another reason why chloramine was not
chosen for secondary disinfection.
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Currently, most water treatment plants generally place a reverse osmosis system
directly following a pretreatment stage such as ultrafiltration and lastly treat with UV
advanced oxidation and chlorine or derivative to obtain the necessary chlorine residuals.
However, the proposed design places the nanofiltration unit following the UV AOP stage as a
last removal stage that is able to reject disinfection byproducts resulting from oxidation. As
noted before, it also replaces the purpose of having reverse osmosis as it has a 90% removal
of TDS. The precendent is also set forth by the Twin Oaks Valley facility which operates in a
similar fashion: ultrafiltration, ozone oxidation, granular activated carbon, and chlorine (GE
Water and Process Technologies 2008).
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Section II.3 Block Flow Diagram
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Section II.4 Process Flow Diagram
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Section II.5 Stream Tables
Table II.5.1 Stream Table for Stage 1: Wastewater Treatment
Stream
Temperature[°C]
Pressure [psi]
Vapor Fraction
Total (kg/s)
Component [kg/s]
Wastewater
Activated Sludge
TSS
TDS
BOD
Air

1
30
15
0
3150

2
30
50
0
3150

3
30
40
0
3150

4
30
25
0
3150

5
30
20
0
3150

6
30
15
0
3149

3143
0
1
5.3
1.03
0

3143
0
1
5.3
1.03
0

3143
0
1
5.3
1.03
0

3143
0
1
5.3
1.03
0

3143
0
1
5.3
1.03
0

3143
0
0.4
5.3
0.72
0

Stream
Temperature[°C]
Pressure [psi]
Vapor Fraction
Total (kg/s)
Component [kg/s]
Wastewater
Activated Sludge
TSS
TDS
BOD
Air

7
30
15
1
6854

8
81
40
1
6854

9
35
15
0
3157

10
35
15
0
1588

11
35
25
0
1588

12
35
15
0
3117

0
0
0
0
0
6854

0
0
0
0
0
6854

3143
7.9
0.36
5.3
0.72
0

1571
12
0
5.3
0
0

1571
12
0
5.3
0
0

3112
0
0.04
5.3
0.072
0

Stream
Temperature[°C]
Pressure [psi]
Vapor Fraction
Total (kg/s)
Component [kg/s]
Wastewater
Activated Sludge
TSS
TDS
BOD
Air

13
35
20
0
3117

14
30
15
0
118

15
30
25
0
118

16
30
20
0
50

17
30
20
0
163

18
30
30
0
163

3112
0
0.0018
5.3
0.0007
0

112
0.84
0
5.3
0
0

112
0.84
0
5.3
0
0

44
0.85
0
5.3
0
0

156
1.7
0
5.3
0
0

156
1.7
0
5.3
0
0
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Table II.5.2 Stream Table for Stage 2: Disinfection
Stream
Temperature[°C]
Pressure [kPa]
Vapor Fraction
Total (kg/s)
Component [kg/s]
Treated Water

1
35
20
0
3117

2
35
60
0
3117

3
35
45
0
3117

4
35
20
0
3086

5
35
45
0
3086

6
35
45
0
3086

3112

3112

3112

3081

3081

3081

H2O2
Chlorine
TSS
TDS
BOD

0
0
0.0018
5.3
0.0007

0
0
0.0018
5.3
0.0007

0
0
0.0018
5.3
0.0007

0
0
0
5.3
0.0002

0
0
0.0018
5.3
0.000205

0.0063
0
0.0018
5.3
0.000205

Stream
Temperature[°C]
Pressure [kPa]
Vapor Fraction
Total (kg/s)
Component [kg/s]
Treated Water
H2O2

7
30
45
1
0.0063

8
35
30
0
3086

9
35
60
0
3086

10
35
20
0
2527

11
30
20
0
2527

12
30
45
0
2527

0
0.0063

3081
0

3081
0

2526
0

2526
0

2526
0

Chlorine
TSS
TDS
BOD
Stream
Temperature[°C]
Pressure [kPa]
Vapor Fraction
Total (kg/s)
Component [kg/s]
Treated Water
H2O2

0
0
0
0
13
30
20
1
2527

0
0.0018
5.3
0.0002
14
30
30
1
2527

0
0.0018
5.3
0.0002
15
30
25
0
2527

0
0
0.42
0
16
30
25
0
2527

0.00014
0
0.42
0
17
30
25
0
25267

0.00014
0
0.42
0
18
30
20
0
25267

Chlorine
TSS
TDS
BOD

2526.3216 2526.3216 2526.3216 2526.3216 2526.3216 2526.3216
0
0
0
0
0
0
0.00014
0
0.42
0

0.00014
0
0.42
0

0.00014
0
0.42
0

0.00014
0
0.42
0

0.00014
0
0.42
0

0.00014
0
0.42
0
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Stream
Temperature[°C]
Pressure [kPa]
Vapor Fraction
Total (kg/s)
Component [kg/s]
Treated Water
H2O2
Chlorine
TSS
TDS
BOD

19

20

21

22

23

24

30
20
0
2527

30
20
0
2527

30
20
0
2527

100
35
0
2527

35
20
0
30

35
20
0
559

2526
0

2526
0

2526
0

2526
0

30
0

555
0

0.00014
0
0.42
0

0.00014
0
0.42
0

0.00014
0
0.42
0

0.00014
0
0.42
0

0
0.0018
0
0

0
0
4.88
0.0002

Section II.6 – Equipment Table
Table II.6.1 Equipment Properties – Storage Vessels
Vessels
Description
Type
Number of Units
Volume [gal]
Temperature [°C]
Pressure [psia]
MOC

TK-101
TK-102
TK-103
TK-201
TK-202
TK-203
Holding
Settling
Settling
Holding
Reservoir Reservoir
Open
Open
Open
Open
Closed
Closed
1
26
26
1
1
1
3,000,000 230,000 230,000 3,000,000 1,000,000 1,000,000
30
30
30
35
30
30
25
20
20
20
25
25
Concrete Concrete Concrete Concrete Concrete Concrete

Table II.6.2 Equipment Properties – Pumps
Pumps
Type
Number of Units
Flow rate [gpm]
Efficiency
Pressure, Inlet [psia]
Pressure, Outlet [psia]
Temperature, Inlet [°C]
Temperature, Outlet [°C]
MOC

P-101 A-D
Screw
4
750000
0.75
20
60
30
30
CS

P-102 A/B P-103 A/B
Centrifugal Centrifugal
2
2
38,600,000 36,000,000
0.7
0.7
15
15
25
25
35
35
30
30
CS
CS

P-104 A/B
Screw
2
2,560,000
0.75
20
30
30
30
CS

P-201 A/B
Centrifugal
2
49,300
0.7
20
60
35
35
CS
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Pumps
Type
Number of Units
Flow rate [gpm]
Efficiency
Pressure, Inlet [psia]
Pressure, Outlet [psia]
Temperature, Inlet [°C]
Temperature, Outlet [°C]
MOC

P-202 A/B P-203 A/B P-204 A/B P-205 A/B
Centrifugal Centrifugal Centrifugal Centrifugal
2
2
2
2
48,800
48,800
40,000
40,000
0.7
0.7
0.7
0.7
20
30
20
20
45
85
45
100
35
35
30
30
35
35
30
100
CS
CS
CS
CS

Table II.6.3 Equipment Properties – Compressors
Compressors
Type
Number of Units
Pressure In [psia]
Pressure Out [psia]
Temperature In [°C]
Temperature Out
[°C]
MOC

C-101 A/B
1
15
45
26
30
CS

Table II.6.4 Equipment Properties – Filtration Systems
Filtration Systems
Type
Number of Units
Feed Pressure [psia]
Method of Feed
Temperature [°C]
MOC

F-101
Screen
15
60
Gravity
30
SS

F-102
Vortex
3
45
Gravity
30
SS

F-103
Sand
1
25
Gravity
35
Sand

F-201
F-202
UF
NF
14
16
28
85
Pressure
Pressure
35
35
Polyamide Polyamide

TableII.6.5 Equipment Properties – Reactors
Reactors
Description
Type
Number of Units
Volume [gal]
Temperature [°C]
Pressure [psia]
MOC

R-101
R-201
Aeration Oxidation
Raceway
CSTR
32
9
1,600,000
2,300
27
35
30
45
Concrete
PVC
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Section II.7 – Utility Table
The total energy cost to operate the facility was found to be just under $9 million dollars. As
expected, the AOP system consumes majority of the energy in the plant consuming up nearly
45% of the plants total energy requirement. A complete breakdown of the utility requirements
for the plant can be found in Table II.7.1. The economic breakdown calculations can be found
in the Online Dropbox Appendix.
Table V.7.1: Annual cost of the energy consumption (Arthur 1986)
Energy Usage
kwh/day

Function
Collection Pumping

46,800

Raw sewage pumping

10,440

Preliminary Treatment
Bar screen

-

Grit Removal

691

Preliminary Sedimentation

317

Activated sludge-mechanical aeration

33,552

Secondary Sedimentation

1,944

Ultrafiltration

28,800

Chlorination and Neutralization

2,621

Advanced Oxidation (UV,H2O2)

180,000

Nanofiltration

93,600

Gravity thickening

144

Land Disposal truck

3,658

Building heating/cooling

1,786
404,353

Discharge
Total
Annual Energy cost

$

8,855,331

%
11.57
2.58
0.00
0.17
0.08
8.30
0.48
7.12
0.65
44.52
23.15
0.04
0.90
0.44
0.00
100
$0.06/
Kwh
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Section III – Equipment Description and Rationale
A detailed table of the equipment incorporated in this design is presented above in Table II.4.1
– 5. All equipment numbers refer to the PFDs in Figure II.1.2 and Figure II.1.3. For specific
sizing and equipment calculations see Appendix A1.

Pumps
Screw pump:
The influent water coming into the wastewater treatment side of the plant is crucial to
ensure reliability, operability and maintainability. Some of the main factors that needed to be
considered in selecting the influent pump were the presence suspended solids and high
volumes of water. According to Ken Weber at the Avra Valley wastewater facility, the ideal
influent pump at the beginning of the facility is the Arrhenius screw pump. This is due to its
ability to tolerate the solids that sandblast the interior components of the pump and prevent
solids from creating any blockage in the pipe prior to the bar screens. Also, instead of one
large pump that can handle the designed 72 MGD, a total of four pumps all with variable
frequency drives will be attached to allow fine tuning of the pumps to be implemented (Ken
Weber, Facility Tour, 20 March 2012). Furthermore, in the case of mechanical failure rather
than having to divert all of the incoming water to the ocean per our emergency discharge
permit, only a fraction of water would have to be diverted. This will allow for easier facility
maintenance as it is simpler to have a smaller pump in storage on site compared to a single
pump able to handle 72 MGD since limited space is a major concern for this project.

Centrifugal Pump
A fraction of the activated sludge is pumped from the aeration tanks to a solids
thickener tank. The extracted water from the thickener tank is returned back to the aeration
tank for further treatment. A centrifuge pump is selected for this application because it is
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robust enough to handle the high density of the water as well as the suspended solids at low
flow rates with minimal internal damage (Ken Weber, Facility Tour, 20 March 2012). In
addition, variable frequency drives are attached to each of the four centrifuge pumps to allow
for optimal pump power consumption. Multiple pumps will also be used to accommodate for
any kind of variation in activated sludge growth rates based on seasonal variations such as
temperature (Junkins et al. 23).
An additional use of centrifugal pumps is to generate transmembrane pressure of 13
and 70 psig over the ultrafiltration and nanofiltration membranes, respectively (GE ZeeWeed;
Dow Chemical). This allows for improved and higher permeate flux rates compared to
gravity fed filtration. These pumps are also able to withstand the backpressure generated by
either of the two membranes.

Bar screens:
Following the influent pump, the bar screens function to remove the large pieces of
debris and solids prior to further treatment. The bar screens operate solely on a mechanical
basis and place the removed solids in a solids waste section that will be disposed to a landfill.
The arrangement of bar screens in the proposed design utilizes three Hydro-Dyne
mechanically-cleaned bar screens with opening sizes of 6 mm, 2 mm, and 0.5 mm, which was
recommended by Hydro-Dyne for our wastewater treatment application (Hydro-Dyne, 2012).
The self-cleaning bar screens have relatively minimal energy requirements to operate
continuously as seen in utility tables presented earlier in the report. Hydro-dyne Engineering
recommended that the plant use five sets of the three screens to appropriately sustain
treatment of 72 MGD. Self-cleaning screens could become clogged if the flow is too high
entering the head-works, if a rainstorm causes more influx of debris, or if the mechanical
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cleaning system fails. These hazards can be mitigated with regular maintenance, vigilance,
and a constructed overflow basin to hold influent water if the screens were to encounter a
problem.

Figure III.1: Bar Screen at Avra Valley Wastewater Plant
Grit Chamber:
Once the large debris is removed from the influent stream, solids such as sand are
removed in the grit removal chamber. In the proposed design, three Hydro-Dyne vortex grit
chambers are incorporated. They use a vortex in the grit chambers to force suspended solids
towards the outer region of the chamber allowing them to settle and separate from the bulk
water. In the proposed optimization, three slightly smaller 40 MGD grit removal chambers
are used rather than two larger 24 ft diameter chambers to have full redundancy and ensure
complete removal of large suspended solids (Hydro-Dyne, 2012).
The vortex grit chambers are fairly simple in design, but the actual specifications of
the design will be proprietary information based on the company chosen to supply these
components. Generally, vortex grit chambers have mechanical components that can create a
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whirling spiral of water that uses centrifugal force to push the grit particles to the bottom of
the tank (Vesilind 2003). The chamber should be regularly maintained in order to prevent loss
of efficiency of removal.

Clarifiers (Sedimentation Basins):
The clarifiers prior to the aeration tanks are the primary clarifiers that reduce the TSS
and BOD that were too small for the grit chamber by allowing them to settle slowly. The
secondary clarifiers are located following the aeration tank and provide a second opportunity
to settle TSS, BOD and by products from the nitrification and denitrification steps in the
aeration tanks, as well as any of the activated sludge that is suspended in the water due to
agitation. To ensure redundancy and ensure the high rate of removal, the arrangements of the
primary and secondary clarifiers are identical in sizing. In each case, there are 26 basins that
are open to the environment and contain mechanical scrapers to remove foam and algae from
the surface and overflow baffles. The primary and secondary basins have dimension of 118 x
30 x 10 ft, which stays within the heuristics of designing clarifiers according to Gray (163)
and provides a total volume of 230,000 gallons. The fluid velocity within the basins is 0.5 ft
per min or a flow rate within each tank of 3 MGD. This will allow for a removal rate of 60%
TSS and 30% BOD (Environmental Leverage 2003). By allowing the activated sludge to
settle, it allows for it to be recycled and reintroduced into the aeration tank.
The rationale for using the clarifiers is based on the widespread use, reliability, and
efficacy proven over the years in wastewater treatment facilities to incrementally reduce
particle concentrations by discriminating using particle masses. Although there are no
comparable alternatives to sedimentation available on the scale of this project, the design
presented is specific to this project using heuristics according to Gray (163). Further detailed
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calculations are in Appendix A. Due to the mechanical nature of this unit, regular monitoring
is necessary to ensure the equipment is operating appropriately.

Figure III.2: Filled sedimentation basin at Avra Valley. On the sides are mechanical
scrubbers used to remove algae growth.

Sand filtration
Sand filtration occurs by allowing secondary effluent to infiltrate slowly through a
porous bed of sand. Influent water is maintained at one and a half meters on the top of the
sand bed and is gravity filtrated where the water from the bottom of the sand bed is sent to the
next stage. To accommodate the 72 MGD influent flow rate, a seven acre, two-layer sand
filtration design is incorporated, where each layer of sand is one meter deep and has an
average sand particle diameter of 0.15 to 0.35 mm (Vigneswaran et al. 1995). The water is
filtered with a flow rate of 190 m3/min as determined by the sizing calculation in Appendix A.
The sand filtration unit can also achieve removal rates of 95% for SS and VSS, as well as 99%
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of the BOD that is fed, resulting in an effluent concentration of 0.201 mg/L BOD and 0.645
mg/L TSS (Hamoda et al. 2004).

Ultrafiltration
As the pretreatment step prior to disinfection using UV advanced oxidation with the
addition of hydrogen peroxide, ultrafiltration needs to remove components such as residual
suspended solids and biological contaminants on the length scale of bacteria. The reduction
of biological contaminants is of particular importance as it will reduce the concentration of
hydrogen peroxide and reduce the power requirement for the UV lights. The combined
membranes, on the order of thousands, inside a module have a surface area of 400 ft2, pore
diameters of 0.02 m and operate at 13 psi. Additionally, the system has a permeate recovery
rate of 99% (Lihua et al. 2009) and operate as cross flow membranes that have an inward
permeate flow orientation. The ZW1000 ultratilftration modules and membranes are
manufactured by GE Water and Process Technology.
In collaboration with GE Water and Process Technology, the design and configuration
of the ZW1000 ultrafiltration cassette, module, and membrane was suggested as a similar
system to the one operating in Orange County for four years. The operation and reliability
proves that the membrane system is robust enough and can handle our current application as
the San Diego Twin Oaks Valley facility handles 100 MGD (James Peterson, Personal
Interview, 6 April 2012).

Nanofiltration
Prior to adding chlorine to attain downstream chlorine residuals as required by the
Clean Drinking Water Act and State of California, the remaining total dissolved solids in the
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water must be removed. TDS is commonly characterized by ions including but not limited to
sodium, chloride, magnesium, and calcium. The aim is to lower TDS below 500 mg/L to
satisfy the EPA voluntary secondary drinking water standard (California Title 22 Article 16
2012). This is performed with NF90 membranes manufactured by Dow Chemical. The
membranes have surface areas of 400 ft2 and pore sizes of 0.01 – 0.001 m, operate at feed
pressures of 70 psi (Dow Chemical), and have a percent recovery rate of 80 – 85% (Bellona et
al. 2008). The most effective system arrangement is 16 parallel membrane systems each with
a total of 113,000 membranes divided into 3 compartments. This is determined based on each
membrane being able to treat 10 – 12 gallons per ft2 per day (Steven Coker, Personal
Interview, 24 April 2012). Similar to the ultrafiltration membranes, the nanofiltration
membranes are a thin film spiral wound polyamide polymer. The initial feed is fed inside the
membranes and the permeate flows radially outward (Dow Chemical).
The Dow Chemical NF-90 membrane is selected due to its high flux of 0.052
L/m2*h*kPa even with a 30% decrease in flux due to stabilized fouling. Furthermore, the
total organic carbon, nitrate, and ammonia rejection rates are 97.1%, 79.3%, and 88.2%,
respectively (Bellona et al. 2008). Although, nitrate and ammonia rejection rates are lower
than RO systems, the aeration tank with activated sludge and UV advanced oxidation
processes remove 99% of the initial concentration, and thus, already ensure the water
standards are satisfied as seen in Table II.3.2. An overview of the NF-90 removal rates of
additional TDS is presented in Bellona et al. (2008).
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UV Lights
The permeate enters an advanced oxidation process (AOP) which will consist of nine
towers, which each having twelve layers of medium pressure UV lamps. The towers have a
diameter of four feet and a height of twenty-four feet and can each handle a flow of 6,000
gpm combined for a total flow of 54,000 gpm or 77.8 MGD. Calgon Carbon maintains a
system similar to this and would likely be contracted to implement this system or at the very
least used as a proof of concept. This arrangement of the UV lights with the combination of
hydrogen peroxide is the most effective and widely used AOP in industry (Melin 151).
Similarly, according to (Melin 148-149), the other effective advanced oxidation combination
is hydrogen peroxide and ozone, however, due to the goal of limiting the amount of chemicals
used, UV and hydrogen peroxide is selected. Furthermore, hydrogen peroxide has a higher
solubility than ozone which is another reason for using a hydrogen peroxide in combination
with UV rather than ozone and UV. The system will also be using medium pressure lamps
since this type operates at the correct wavelength to promote both degradation of hydrogen
peroxide and direct photolysis. Although this lamp does not hold the highest efficiency, gains
are made in ease of design and implementation due to their smaller size (Heering 10).

Aeration Tanks
In order to remove a high percentage of BOD and TSS, a combination of aerobic and
anaerobic digestion is used. Important characteristics of the aeration tanks include a total
volume of 1.6 million gallons in each of the 32 basins with dimensions of 10 m x 100 m x 6
m. This incorporates a 20% larger tank than the wastewater occupies to prevent overflow.
These tanks will occupy eight and a half acres and contain a combined 2,500 ceramic diffusers
to establish the 1.5 mm air bubble size. In addition, the tanks will have a hydraulic retention
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time of 14 hours, have an activated sludge concentration of 2,000 – 3,000 mg/L, and operate
at 27 to 30 C, which is maintained by warm air from the air compressor. The 14 hour
retention time is incorporated into the design rather than other literature sources showing 5
hour retentions to plan for worst case scenarios and ensure the necessary BOD removal rates
of 90 – 95%. In order to provide the required concentration and temperature of air for the
aerobic process, a compressor feeds warm air. The design of the aeration tank is optimized to
reduce the space required according to calculations, heuristics and common practices (Gray
547). The detailed calculations are presented in Appendix A.

Figure III.3: Example of an open digester performing nitrification/denitrification
Solid Waste Extruder
Following the secondary clarifier the activated sludge is sent to a tank to concentrate
or thicken the solid waste including the activated sludge from the bottom and foams collected
from the top of the secondary clarifier. The thickening process is assisted by a polymer,
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clarifoc, by Polydyne Inc. and is currently used at the Avra Valley water treatment plant (Ken
Weber, Facility Tour, 20 March 2012). The polymer assists to concentrate the solids to 5,000
– 8,000 mg/L. The thickened waste settles and is removed via a screw pump. On a daily
basis, approximately 19,000 – 30,000 kg of solids waste is generated. Of the 19,000 – 30,000
kg of solids, 40 – 60% is concentrated and thickened while 9,500 – 15,000 lbs. of activated
sludge are returned to the aeration tank
The purpose of wasting a fraction of the activated sludge is to ensure the right food to
microorganism ratio, F/M, required by the activated sludge. The calculation is included in
Appendix A. By having too much activated sludge or bacteria, the bacteria do not have
enough nutrients to survive which creates a higher concentration of dead microorganisms,
which is ultimately biomass, increasing the BOD (Junkins et al. 58). Furthermore, if too low
of a concentration of activated sludge is present, the BOD is not lowered to the concentrations
necessary to prevent fouling of the following filtration units, including the sandfiltration and
ultrafiltration.
The purpose of thickening the solid waste is to reduce the volume of water disposed as
it has a high density. More importantly, is to recycle as much water as feasible to accomplish
the goal of the project and treat it to drinking water standards. Furthermore, by concentrating
the solids, trucks will make fewer pickups while still collecting the same volume of solids.
This is also an opportunity to reduce the facility’s carbon footprint.

39

Figure III.4: Solid waste extruder at Avra Valley Treatment Facility
Air Compressor
In the process treatment train, there are two main functions for air blowers: provide
oxygen to the aeration tanks and to aerate the surface of the membranes, reducing the rate at
which the ultrafiltration and nanofiltration membranes foul. In the case of the aeration tank, a
compressor with the capacity of 2,000 m3/min is used to obtain the necessary 1 – 2 mg/L of
oxygen required by the aerobic bacteria. Furthermore, the air percolating through the water is
1.5 mm in diameter created by the ceramic diffusers in the aeration tank (Gray 547). The
purpose of choosing average diameters of 1.5 mm is to minimize the volume of air necessary
to bubble through the tanks, reduce the number of compressors, and lower equipment
construction costs.
In the case of aerating the ultrafiltration and nanofiltration membranes, an air flux rate
of 1 m3 air/m2*min is ideal according to Lihua et al. This is the ideal aeration rate as higher
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flow rates will break the fouling material into smaller particles while a lower flow rate will
not effectively remove the material from the surface of the membrane (Lihua et al. 2009).

Flow Equalization Basins:
Multiple sectors of our process require continuous flow to ensure proper and efficient
contaminant removal. This results in the design of three key flow equalization basins after the
primary clarifier, secondary clarifier, and ultrafiltration. These basins will have a capacity of
3 million gallons a piece. The volumes are optimized for each to accommodate for mechanical
or electrical failures for a 1 hour time span, thus, allowing for adequate time for maintenance
or repairs.

Inline Mixers:
To induce adequate mixing of the added chemicals to the water at various sections of
the plant, inline or static mixers are placed after the injection ports for chloramine and
chlorine. Inline mixers operate by causing turbulent flow within a pipe using distinct
arrangements of baffles on the interior of the pipe. The 66 inch diameter static mixers
incorporated into the process are manufactured by Komax. They have characteristics of 0.4
psig pressure drops and 30 year warranties which are in the range of the lifetime of the
proposed facility. Inline mixers are used versus dynamic mixers due to lower equipment
costs, no electric requirements, and relatively low maintenance. This will also reduce the
need to rely upon diffusion to disperse the chemical addition in the water (Komax Systems).
Due to the corrosive nature of all the chemical additives, the static mixers are fabricated out of
stainless steel (Al Safetech 2012).
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Section IV – Safety /Environmental Statement
Section IV.1 – Safety Statement
The operation of the direct potable reuse facility is a relatively low hazards process,
but none the less, there are still many specific processes that need special consideration in
order to ensure the safety of the personnel operating the plant and general public. For
simplicity, the description of the main hazardous associated with the plant will be discussed in
the order that they appear in the process. It will be assumed that simple safety practices by
personnel will be employed and all basic personal protection equipment will be used, and
therefore, will not be explicitly stated during these hazard descriptions.
The first major hazard associated with the operation at the plant occurs at the pumping
station which is located at the front end of the facility. The pumps are an extremely vital part
of the plant as they provide the necessary head to send the water throughout the numerous
treatment processes. This brings to the attention the first area of concern for the plant. If the
incoming wastewater stream is in excess of the capacity of the pumps, then numerous
consequences can occur. The capacity of the pumps could be exceeded if there is a major
storm event which increases the flow into the plant at an uncontrollable level. One major
consequence of this event is the overflow of the secondary treatment basins which can lead to
spills into the external environment. This not only can lead to costly fines by the EPA, but
also be harmful to the surrounding the environment. The main concern with an overflow is
the contamination of the drinking water basins which are distributed to the community. If
these were to be polluted, the entire basin would have to be retreated. In order to prevent this
event from occurring, an emergency valve can be opened to be redirect water to the existing
Point Loma facility which can either hold the excess water or divert it to the ocean (permit
required). Additional hazards concerning overflow can be seen in the hazards and operability
review tables in Appendix C.
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Inevitably, pumps will also fail mechanically and/or will need to be upgraded or
replaced. During these events, the plant will not be able to operate at full capacity which can
lead to the water demand of the city not being met. Because of this issue, this plant can only
afford not to be at full capacity for more than 12 hours (Avra Valley Site Tour, March 20th,
2012). In the event that any one of the pumps fail, the operator must redirect a portion of the
incoming stream to the emergency basins or Point Loma facility similar to the event described
above. In addition, the pumps would need to be serviced immediately. Since the pumping
station is underground and pumping hazardous water, the mechanical crew servicing the pump
must wear full hazardous suits in addition to breathing devices (Avra Valley Site Tour, March
20th, 2012). The water remaining in the pump lines has the potential to carry diseases and
other harmful particles that could post a serious health risk to the crew servicing the pump.
For a complete analysis of the hazards associated with the pumps see Appendix C.
The next hazard of significant concern deals with the bar screens which are located
directly after the pumps and serve the purpose of removing majority of the large particles
from the water. There are several situations that could arise during operation of the bar
screens that can create problems in the operation of the plant both upstream and downstream
from the screens. As with the pumps, a storm event can cause issues with the bar screens as
particles that are not normally in the incoming influent can get caught on the screens and
create a clog in the system. If the bar screens were to get clogged, the water could go
backwards into the pump which can dead head the pump (“Pump Operation and Maintenance”
2012). This could lead to costly repairs and shutdown times. In order to prevent back flow,
an emergency valve is in the place in the system that will allow water to be diverted to an
emergency basin. To remove anything that is clogging the screen, operators can simply
remove the material manually. There is no major safety hazard or special precaution that
needs to be taken when manually removing debris from the bar screen. A power failure in the
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plant would also require operators to manually remove the larger particles from the process
stream as most of the emergency power would be diverted to the pumps and the advanced
oxidation process. The complete hazard analysis of the bar screens can be found in Appendix
C.
The next significant hazard in the treatment train concerns the aeration tanks. The
aeration tanks are located between the primary and secondary clarifier. They serve the
primary purpose of reducing the BOD from the water. There are several areas of concern
when operating the aeration tanks and a full list of potential hazards and solutions can be seen
in Appendix C. Some of the major hazards associated with this process include power
failure, temperature variation, mechanical failure, and pump control failure. In the result of a
power failure, the diffusers may get damaged which could decrease the concentration of the
dissolved oxygen and hinder the biological process taking place. This would severely limit
the amount of organics that can be removed from the water which may result in being out of
compliance with the EPA. To avoid this failure, emergency power generators need to be
onsite so that there is adequate time to fix any power failure resulting from the utility or air
supply system itself.
Another additional hazard from the operation of this unit involves temperature control
of the process. Thought the process is generally operated at an elevated temperature from that
of the ambient air, if the air was to become too hot then the stress on the bacteria could result
in limited biological reactions. Once again, this would limit the amount of organics removed
from the process and could put the plant out of compliance with the EPA. On the other hand,
if the air in the process is too cold the same result could occur. To manage the temperature of
the air, a simple heat exchanger will be employed. Operators can then control the supply of
air if necessary. In general, ambient air should be adequate to keep the biological processes
occurring.
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Following the aeration tank and the nitrification/denitrification process are the
sedimentation basins (clarifiers) which present their own hazards to the plant operation. As
can be seen in Appendix C, there are numerous operational hazards involved with the
sedimentation basins, though most of these hazards are fairly minor. Some of the more
prominent hazards are over/under flow in the tanks and mechanical failure of the scrapers. If
the piping in the basins was to get clogged or there was a failure in the pump, then underflow
in the basins could occur. This would be detrimental to the process as there would be no weir
overflow which would result in empty sand filter beds and depletion in product water. This
hazard is fairly easy to prevent, however, because the operators would only have to check the
aeration piping and pumps that send the water to the basins and remove anything clogging the
system. This action does not put the operators in any significant danger and doesn’t require
any special safety accommodations (Avra Valley Site Tour, March 20th, 2012).
Overflow in the basins could be caused by faulty pump control and/or by flooding into
the tanks. If this were to occur the sedimentation basins may become agitated resulting in too
much water in the sand filters in addition to overflow water that contains significant debris.
Product water with large amounts of debris would block the water from going through the
sand filters or increase the travel time through the filter which could backlog the process. As
with an underflow, this is fairly easily to combat as the operators would only have to divert
flow to emergency overflow basins or reduce the pumping into the tank from the aeration
tanks until the problem is rectified. There aren’t any special safety requirements that need to
be implemented when operating the sedimentation basins (Avra Valley Site Tour, March 20th,
2012).
The most significant hazard associated with operating the direct potable reuse facility
revolves around the advanced oxidation process. The first hazard is associated with the
distribution line for the hydrogen peroxide. A faulty valve or broken flow meter could result

45

in the incorrect amount of H2O2 in the process. Excess H2O2 could result in the formation of
disinfectant byproducts which would put the plant out of compliance with the EPA. In
addition, the excess H2O2 presents a strong chance of damaging the nanofiltration unit (Avra
Valley Site Tour, March 20th, 2012). This would result in costly repairs to that unit as well as
significant shutdown time. If this failure is detected, the operators must immediately increase
the flow of chloramines downstream to quench the excess hydrogen peroxide. In addition,
contaminated flow should be diverted back to the beginning of the process using emergency
valves. Though operators should never come in contact with the chemicals, only standard
personal protection equipment is necessary to operate and control the H2O2 delivery. In the
event the hydrogen peroxide concentration is too low, the process water that was affected
would only need to be diverted back to the beginning of the process.
The other issue that may arise during the operation of the AOP system involves the
UV dosage. Overtime, the intensity of the UV may decrease which is caused by degrading
lamps. When this occurs, operators need to simply replace the lamps with new ones and/or
clean the surface of the old lamp in case this is the true culprit behind the issue. The UV
lamps contain mercury and therefore should be handled with extreme care to ensure that there
isn’t a mercury spill into the water and that the operator doesn’t come into direct contact with
the hazardous material. Operators should also wear nitrile gloves as a precaution when
replacing or cleaning the UV lamps ("Safety and Health Topics | Mercury" 2012). In addition
to wear and tear being responsible for a low intensity dosage, there could also be an issue with
the water stream as well. If the turbidity in the water is too high, the dosage will not make it
through the water completely which would result in reduced hydroxyl radicals which may
lead to being out of compliance with the EPA. The water needs to simply be redirected to the
beginning of the process if this was to occur and the preceding units would need to be checked
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to fix any problem resulting in the high turbidity water. A complete analysis of the AOP unit
and the hazardous of operations can be seen in Appendix C.
Aside of the major process hazards that were described above, there are also hazards
associated with the use and storage of disinfectant chemicals. In this plant, the three
chemicals on concern are chlorine, chloramine, and hydrogen peroxide. Table IV.1.1
describes the major safety concerns, necessary storage requirements, and emergency action in
the case of an accidental spill or exposure (“Chlorine” 2012, "Monochloramine Reagent
Powder" 2012, and "Hydrogen Peroxide" 2012). The other hazard that these chemicals
present is in the transportation of the chemicals to the site. There is always a risk on an
industrial spill when transporting chemicals, the best way this is combated is by using proper
storage containers when transporting the chemicals. There is no realistic way to prevent the
transportation of these chemicals to the site on a weekly basis.
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Chemical
Species
Chlorine1

Chloramine2

Hydrogen
Peroxide3

Safety

Storage

Avoid direct contact
with skin and eyes. If
contact occurs wash
affected area and seek
medical attention.
Negligible fire hazard
if separated from
combustible material.

Must be stored outside
and/or in a detached
building. Permit
required for process.
Do not store with
combustible materials
as it may result in a
fire.

Extremely corrosive,
avoid contact with
skin and eyes. If
contact occurs wash
immediately with
water and seek
medical attention.
Negligible fire hazard.

Must be stored far
away from acids. Can
be stored near similar
chemicals.

Emergency Response
to Spill
Soil Release: Dig hole
around spill, add soda
ash and absorb with
sand.
Water Release: Add
soda ash and absorb with
activated carbon. Use
mechanical equipment to
collect spilled material.
Occupational Release:
Stop leak and avoid
contact with combustible
materials. Isolate area
and only allow
authorized personnel to
clean up spill.
Soil Release: Dig
around contaminated
area and scoop up the
material. Dispose
following EPA
regulations.
Occupational Release:
Clear area and ensure
spill is contained. Allow
authorized personnel to
clean up the spill.
If spilled in any location
immediately dilute with
large volumes of water
and wait for hydrogen
peroxide to decompose.

Corrosive. Avoid
Store in drums in cool
contact to skin and
areas out of direct
eyes. If contact occurs sunlight. Keep away
wash immediately
from combustible
with water and seek
material. Be sure to
medical attention.
follow FMC for bulk
Pressure may build up storage.
if confined with
combustible materials
resulting in an
explosion. Contact
with combustible
materials may cause
fires.
Table IV.1.1: Safety, Storage, and Emergency response for the disinfectant chemicals used
in the treatment plant.
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Section IV.2 – Environmental Impact
The very essence of designing a DPR water treatment facility is to reduce the impact
from human activity on the environment by reducing the amount of water that is wasted
and/or discharged into the environment. In addition to this goal, the design of this facility
aimed to reduce the use hazardous chemicals for disinfection, limit the energy use throughout
the entire process, and limit the amount of solid waste being discharged from the wastewater
sector of the plant. Even though the best efforts have been made to limit the global footprint
from the operation of this necessary process, there are still environmental issues that need to
be recognized throughout the entire life cycle of this process.
Inevitably, no matter how elegant the design of the wastewater sector of the plant is,
there is still going to be solid waste that will be generated that has to be removed from the
site. It is estimated that approximately 300,000 pounds of solids are removed during the water
treatment process per day (Avra Valley Site Tour, March 20th, 2012). Majority of the solid
material is organic and can be fed back to the digesters in the treatment plant while the
remaining organic material are converted to class A biosolids and can be used on non-human
consumption farms. The inorganic solids (grit) have to be removed and dumped into a local
landfill. The shipment of the biosolids and grit to their final destination generates the largest
environmental impact from this particular part of the process.
With the strict regulations in California governing biosolids, it has become more
economically feasible to ship the biosolids generated from the plant to cotton and grass farms
in the nearby state of Arizona. The closest farms that the biosolids can be shipped to are
approximately 200 miles from the location of the plant. Currently, the best method of
shipment is by truck which means the use of fossil fuels and an increase in global warming
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compounds such as CO2. The tradeoff for this increased global footprint, however, is the
recycling of nutrients that would otherwise be dumped in local landfills and not processed to
the same standards that make it safe to be used on fertile farm lands.
Unfortunately, not all of the solid waste outputted from the treatment process is useful.
This non useful grit can only be disposed of by dumping it into local landfills and/or
incineration. Incineration is not a very viable option because the heating costs are extremely
high and the flue gasses do not meet air pollution standards and would need to go through
further processing before being released into the atmosphere. This leaves only dumping as the
next possible way to remove the grit from the facility. Grit can be full of toxic chemicals and
metals which is a major environmental concern because everything that is dumped into the
ground in San Diego ultimately ends up in the Pacific Ocean nearby ("Sludge Treatment,
Reuse and Disposal" 2011). Most landfills are lined with clay to help prevent contamination
of the soil but over time, these linings crack and are not 100% effective. For this facility, the
best way to prevent this pollution is to attempt and maximize the reuse of solids for the
digesters and develop the remaining nutrients into Class A biosolids.
Another significant environmental concern arises from a worst case scenario analysis
concerning the capacity of the treatment facility. Since this is an end of the line facility
(nowhere else for the incoming wastewater stream to go), the ability to divert water to
controlled areas without releasing into the environment when the incoming stream is greater
than the capacity of the plant is crucial. Generally, there are two main ways this type of event
can occur: the first involves large rainfalls during a major storm and the second involves
mechanical failure with the pumps at the plant (Avra Valley Site Tour, March 20th, 2012).
The major issue with this plant is the lack of available space to put any excess water that the
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plant might not be able to process. With an end of the line system, the wastewater influent
can only go to two spots if it is greater than the capacity of the plant, back up into the
consumers household or overflow the basins and into the surrounding environment. If
untreated water were to go into either of these two places, the economic and environmental
consequences would be astronomically severe. Toxic water entering the environment could
leave the surrounding area uninhabitable and if the water made it to the ocean, it could
devastate the aquatic life. Perhaps the greatest concern is if the water were to contaminant the
nearby retention basin for the drinking water that is being produce by the plant. If this were to
become contaminated, roughly 1/5th of San Diego’s water would be unusable for a period of
time.
With this plant, there are small emergency basins to store this excess water in the case
of a mild storm or mechanically failure. These basins will provide roughly 24 hours of
emergency service time in case the influent becomes too large to handle. In the event of an
uncontrollable influent stream, the present day treatment plant, Point Loma, will be used to
divert the overflow into the ocean. This would be the worst case scenario and will require
permits, but the risk to the environment is far less severe than it would be to dump the influent
into the city. Even with these emergency controls, it is important to understand the total
potential environmental risks that are described above and to develop emergency response
plans in case the plant can’t compensate for an overflow.
One of the goals of this treatment plant is to reduce the amount of chemicals needed to
provide clean drinking water that still meet all of the state and federal regulations. Even
though this has been achieved, there is still a need for two disinfection chemicals: chlorine
and hydrogen peroxide. Hydrogen peroxide is an excellent disinfectant that if used properly
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poses little to no risk to the environment because it readily decomposes to water and oxygen
gas ("Hydrogen Peroxide" 2012). The production and transportation of this chemical is of far
more importance due the technical hazard it poses as discussed in the safety section of this
report.
Chlorine, if used efficiently, poses little environmental hazards but none the less there
are still issues that need to be acknowledged. If there is a large spill of chlorine in the water
supply, it could render the water toxic and would have to be further treated to remove the
excess chlorine. The other issue with chlorine is that it is a corrosive chemical that can
destroy the piping in the distribution system (“Chlorine” 2012). These small leaks into the
ground could have a negative impact on the environment. Chlorine has the potential to kill
naturally occurring microorganisms in the ground which impacts the local life cycle of the
ecosystem. In addition to these issues, the process of creating chlorine plays a significant role
in the depletion of the ozone layer, increase in greenhouse gases, and in some cases, acid rain
(“Chlorine” 2012). To mitigate the contribution to these environmental issues, this treatment
plant only uses chlorine to meet the state of California’s downstream residual concentration.
This concentration ensures a 5-log removal of viruses and prevents harmful microorganisms
from forming in the distribution system.
The last major environmental issue from the operation of the direct potable water reuse
facility is found in the utilities required to function. The treatment and disinfection of water
requires a large amount of energy. In particular, the advanced oxidation process using UV
and hydrogen peroxide (AOP) uses a significantly large quantity of energy. The contribution
to the power requirement from the AOP system is roughly 45% of the power needed to
operate the facility (Arthur 1986). The plant requires 404,000 kWh per day. This is an
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extremely large energy requirement which inevitably has a negative impact on the
environment because of the generation of greenhouse gases during power generation. The
generation of 1 kWh roughly produces 1 kg of CO2 ("Calculating Greenhouse Gases" 2000).
This amounts to 324 million pounds of CO2 per year.
At the present state, reducing this number is only made possible through the use of
renewable energy sources such as wind energy and solar energy. In San Diego, solar energy
is not a completely viable option because of the constant overcast that occurs due to being
near the ocean. Wind energy, however, is a viable possibility and as California continues to
invest in this type of energy, it may be possible to someday operate this plant completely off
renewable energy. This could lead to significant reduction in the greenhouse gases and make
the treatment plant far more environmentally friendly than its current state.
The other utility requirement the plant has is the use of process water to operate the
various components of the plant. This is not a major environmental issue, however, because
the plant is able to use the treated water it generates and recycle it back to the plant for its
personal use. This allows for the use of process water without requiring an outside source.
With any process, completely reducing the global footprint is next to impossible. This
plant, however, has been designed to reduce the impact as much as possible while still
providing safe drinking water to the public. Unfortunately, the immediate health threat to
unsafe drinking water outweighs the environmental risk of operation. The best approach to
reducing the environmental impact is through innovative design and technology and as both of
these continue to be developed, the treatment of water will be more and more environmentally
friendly.
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Section V – Economic Calculations and Analysis
Section V.1 Economic Analysis
The total construction cost estimates for the preliminary, secondary and tertiary
treatments is estimated at $95.5 million. For the disinfection side of the plant, the construction
cost estimates is around $203 million as shown in Table V.1.1 and V.1.2. The annual cost of
raw material and utility requirements was found to be $ 9.85 million. A breakdown of the
utility and raw material costs is presented in Tables II.5.1 and Table V.1.3, respectfully.
Some of the cost estimates that were obtained for the plant do not include the general
cost of construction such as the site clearing, grading, pipes, valve, wiring, lighting, control
structure…etc. Therefore, other cost factors and site work were added to these estimates to
determine the total construction cost. According to Benjes, the average site work, for new
wastewater treatment plants, is 14% of the fabrication costs (“Handbook” 107).
The most expensive part of the plant is the nanofiltration system since the
nanofiltration membrane is the most sensitive and expensive part of the nanofiltration
structure. Also, this system is the most expensive part to maintain, where its annual operating
and maintenance cost is $18 million, Table V.1.2.
The total capital investment for this plant is estimated based on the individual factors
method of Guthrie provided by Seider et al. and was determined to be $557 million, which
include the cost of contractors, land, plant startup, and working capital (557). It was assumed
that the plant would be constructed in four years with a lifetime of 25 years. In addition, it was
also assumed that there would be no inflation during this time period, and the plant would
have a straight-line depreciation with no tax as there is no earning. The annual production cost
is $63 million. After the 25 year lifetime of the plant and a 9% interest rate, the NPV is
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estimated to be negative $2 billion. For a detailed explanation of how the economic cash flow
analysis was performed, refer to Appendix B2.

Table V.1.1: The Construction Cost of the Preliminary, Secondary and Tertiary
Treatments
Construction cost
$
14,000,000

Pumping Station
Grit Removal

$

1,060,000

Screens
Rectangular Aeration tanks
Air Supply System
Air Diffusion System
Recycling pumping station
Sedimentation tank
Slow Sand Filtration
Polymer Feed
Total estimated cost

$
$
$
$
$
$
$
$

8,300,000
21,000,000
2,700,000
6,900,000
370,000
24,210,000
14,000,000
2,910,000
$95,450,000

Table V.1.2: The Construction Cost of Disinfection Side of the Plant.
Disinfection
Ultrafiltration

Construction cost
$ 61,000,000

Advanced Oxidation (UV+H2O2)

$

16,100,000

Nanofiltration
Chlorine Disinfection Cost and
Neutralization using Monochloramine
Activated Sludge
Total Estimated cost

$ 121,400,000
$
5,000,000
$
119,000
$ 203,619,000

Detailed process calculations are presented in Appendix B.1.

Table V.1.3: Annual chemical costs for the operation of the plant (Chemical Industry News &

Chemical Market Intelligence 2012).
Chlorine
Hydrogen peroxide
Polymer

Rate (g/l)
0.000046
0.002
0.006

Amount needed (kg/day)
13
545
1,635

Cost ($/kg)
0.4
0.60
2.09
Total

Cost ($/year)
1,190
86,000
907,775
994,966
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Section V.2: Economic Hazards
The main economic hazard involved with this plant is the public acceptance. Even if
the plant is constructed, it is not guaranteed that plant will not be banned in the future by the
public or otherwise. Overall, it is believed that building this plant would be a very risky
investment and it should be approached with extreme caution before deciding to take the
capital investment. About 67% of the total construction cost could be jeopardized, that is the
cost of the disinfection side of the plant, which would not be necessary to build if it was
chosen to run the plant in the future as a regular wastewater treatment plant. A further
analysis of public perception can be found later in this section.

Another economic hazard that exists is the continuing increase in cost of the annual
operating and maintenance. The estimated annual cost of O&M is $63 million and 97% of
this cost is only for advanced oxidation, ultrafiltration, and Nanofiltration. These pieces of
equipment require routine maintenance and major replacements to make them work probably,
and to ensure they last the lifetime of the plant. For this reason, the plant must ensure proper
operations as to maintain the longevity of these pieces of equipment.
In addition to the economic hazard of operating and maintaining the plant, there is also
a hazard associated with the utility requirements. The plant consumes a large amount of
energy operating the activated sludge, UV, and ultrafiltration. In the event that there is a
sudden increase in energy costs, this plant could become uneconomical which would
devastate the local economy. There are several ways to address this issue including the use of
solar energy and wind energy. These alternatives could be supplemented in the future if it
became necessary.
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Section V.3: Public Perception
As was discussed earlier, one of the major challenges that are faced by this plant is
getting the public’s approval. It is not enough to get the plant approved for construction from
the government; it must also overcome the test of time because the public can reject the plant
at any moment which would result in hundreds of millions of dollars being wasted. There is
precedent for a public rejecting a plant as in Tucson, AZ where the Hayden-Udall drinking
water facility was rejected and shutdown after the water going into the homes of their
consumers came out red from the rust in the pipes. The facility was providing perfectly safe
water but because of this initial blunder the plant was never able to get the confidence from
the public.
There are plenty of case studies, however, that have shown direct potable reuse
systems have been a complete success. In Cloudcroft, New Mexico a small direct potable
reuse facility is in place that generates roughly 360,000 gallons per day. Obviously, this is a
very small sample compared to the proposed plant in San Diego, however, it is an example in
which the education of the community worked. The people there are not only okay with the
plant, but are enthused about being more environmentally sound (Tchobanoglous 2011). The
challenge for this facility will be to educate the large population that the water is in fact safe to
drink. To do this, the word choice of public relations officials will be critical. People must
understand that the water that is coming from the plant is actually better than the water they
are currently receiving. If education of the public can be achieved, then this plant has a
realistic chance of being a success and a staple mark for future treatment plants around the
country.
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Section VI – Conclusions and Recommendations
The concept of direct potable reuse with minimal chemical usage for treating water in
a large city like San Diego is feasible and economical. There are many issues that DPR brings
to the table that were addressed during the design process.
The concepts associated with treating sewage water to become potable water are not
new. As discussed earlier in the report, there have been several case studies in smaller towns
throughout the U.S. and globally that have proven DPR is effective and feasible. Public
perception regarding DPR may still present a problem. Education of the public is the first vital
step to take. For a city like San Diego, town-hall-style meetings, flyers, and information
notices are important to ensuring public awareness. Most people around the world would
shudder at the thought of drinking recycled wastewater, but with the right information and
assurance from the water utility company that U.S. EPA and California Dept. of Public Health
standards are still adequately met, the public should begin to see the benefits of DPR and
accept the process.
Land use is also an issue for a plant of this size. In order to meet drinking water
standards for a DPR plant treating 72 MGD, approximately 52 acres of land are required.
While less populous areas may not be concerned about land, the city of San Diego does not
have much open land and what little land remains comes at a premium. The only way for the
DPR plant to feasibly work in San Diego is to build outside of the city and create a longer
network of piping for the distribution systems. This may add to the cost of the plant, but it
would certainly be cheaper than buying land within the city.
The DPR plant design for San Diego also meets the goal of minimal chemical usage.
By removing reverse osmosis and adding nanofiltration before the disinfection step, the
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remineralization step was eliminated from the treatment train. Furthermore, the use of
hydrogen peroxide and UV for disinfection provides a better alternative since hydrogen
peroxide forms less hazardous by products. No flocculent is used during the primary and
secondary sedimentation steps to remove suspended solids except the minor use of a polymer
to concentrate the solid waste for disposal. The chlorine added to the disinfection step at the
end of the treatment train is the only other chemical added to the process, but the dose is
significantly lower due preceding advanced oxidation system. Minimizing chemical usage is
environmentally friendly and helps to minimize toxicity of the waste solids produced by the
plant and solids processing requirements.
Another issue regarding the implementation of DPR in a city water treatment system is
the question of economics. In general, it is expensive to treat 72 MGD to meet drinking water
standards, even if the source is groundwater. However, a large city like San Diego is probably
capable of paying for and implementing a $500 million DPR water treatment plant. San Diego
will likely be able to afford the high cost of maintaining the plant as well. The design, while
costly initially, minimizes energy use by eliminating the use of reverse osmosis and
remineralization. Reverse osmosis requires large amounts of electricity to provide the energy
to pressurize the system to the point of effectiveness, 150 psi. Nanofiltration requires only 70
psi to function adequately, thus cutting the energy cost in half.
There are several recommendations for future installation and implementation of this
plant that were not addressed in this study. Processing the biosolids produced during
secondary treatment to the point of Class A biosolids would be a way to continue to reduce
the true waste produced in this facility. The demand for Class A biosolids is significant and
selling these solids would provide a small source of income to the plant that would help to
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mitigate the high initial cost. To minimize electricity use from the city grid, methane
generated from the bacteria in anaerobic digestion in secondary treatment can be recovered
and used to power a generator. This has already been implemented in the Point Loma
Wastewater Treatment Facility in San Diego and has proven to reduce electricity costs and to
minimize the overall environmental impact of the plant. In order to further reduce chemical
usage in water treatment, primary disinfection using chlorine can be eliminated and replaced
with UV/AOP completely. State regulations currently require reverse osmosis to remove all
dissolved solids in the water stream.
Overall, this plant design has addressed the main objectives set forth including the
reduction of chemicals used during disinfection, recycling of water otherwise disposed of in
the ocean, and has successfully designed an innovative process using the most up to date
technology and information available. Getting the plant approved will require significant
lobbying of lawmakers as well as public education to gain acceptance of a direct potable reuse
facility.
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Appendix A – Calculations of Proposed Direct Potable Reuse Design
Appendix A.1 – Design Calculation of the Aeration tanks
The concentration of BOD5 and TSS that leave the first sedimentation are 200.9 and
129.2 mg/L, respectively. The loading rate of the BOD5 and TSS can be determine using the
following equation (Junkins et al. 58)

BOD5 loading rate

TSS loading rate

In order to maximize the removal of BOD and generate good settling sludge, a balance
between the microorganism present in the aeration tank and the amount of the BOD being
added to the activated sludge, this balance is controlled by F/M (Food/Microorganism) as
given in following equation (Junkins et al. 58)

(???)
Or
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Where Q is the influent flow, in MGD, and V is the volume of the aeration tank, in MG, and
MLVSS is the volatile suspended solid in mg/L. The Hydraulic retention time (HRT) is
calculated as followings (Junkins et al. 35).

Where V is the total liquid capacity of the aeration tank (m3) and Q is the rate of the
flow of the influent wastewater to the tank (m3/day). To determine V, total liquid capacity of
the aeration tank, assume worse case scenario with14 hrs for the HTR, and add 20% to
prevent overflow and to account for the return sludge.

The rectangular Aeration tank, typically are 6–10 m wide, 30–100 m long, and 4–5 m
deep (Gray 519).There will be at least 32 aeration tanks, each tank has a capacity of 1.6 MG
(6,000 m3) with a dimension of 10 m wide, 100 m long, and 6 m deep. The total surface area
(the land requirement for the aeration tanks) is 34,977 m3 (8.64 Acre)

However, we would not use the entire tank, in order to achieve the average of the
recommend ratio of F/M that is 0.3. The ratio of MLVSS/MLSS is between 0.76 and 0.85
(Vukovic at el.) If we maintain the MLSS in the aeration tank at 2500 mg/L, which is average
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concentration of sludge for the Conventional activated sludge treatment, we expect the
MLVSS to be close to 2500 mg/L.

Where:
Q0= primary effluent flowrate [MG/d]
Qe = secondary effluent flow rate [MG/d]
QW = flowrate of waste sludge [MG/d]
Qr = flowrate of the return activated sludge to the aeration [MG/d]
V = volume of aeration tank [MG]
SRT= Sludge retention time (sludge age) [day]
X=
Xw=
Xe =

Volatile suspended solids concentration in the aeration tank (MLVSS) [mg/l]
waste activated sludge suspend solids (TSS) concentration [mg/l]
secondary effluent suspend solids (TSS) concentration [mg/l]

S0=
effluent concentration of BOD [mg/l]
Sw= waste activated sludge (BOD) concentration [mg/l]
Se = secondary effluent (BOD) concentration [mg/l]
For our plant:
MLSS = ~ 2,500 mg/L (2000-3000 mg/L)
X = MLVSS = 80% * MLSS = 2,000 mg/L
Xw= ~7,500 mg/L (5,000-8,000 mg/L)
Xe = 12.9 mg/L (90% removal)

67

SRT= 3.5 days (3-4 days)
S0= 200.9 mg/L
Se = 20.1 mg/L
(90% removal)
Q0= 72 MGD [MG/d]
QW = flowrate of waste sludge [MG/d]

In order to calculate the wasted flow rate,

In order to calculate the return activated sludge to the aeration [MG/d]

The secondary effluent flow rate
Qe = 72 MGD – 2.56 MGD = 69.44 MGD
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Appendix A.2 Design of Rectangular Sedimentation Tanks
Primary and secondary sedimentation normally have a minimum depth of 2 m.
Although increasing depth allows a greater degree of ﬂocculation and so enhances settlement.
If the tank is regularly dislodged twice a day, the overﬂow rate can be up to 32 m3m−2d−1. A
ﬂoor slope of 30◦ to the horizontal, allows the sludge to be quickly and continuously
withdrawn. The capacity of tanks receiving activated sludge eﬄuents is usually based on a
retention time of 1.5–2.0 hours at the maximum ﬂowrate. (Gray 163)
Design:
The velocity of the fluid must be less than 0.5 ft/min

Surface area (A)

Volume (V)

Depth (D)

Length (L) and width (W)
L=4W

The velocity of the fluid must be less than 0.5 ft/min,
The cross-sectional area = width * depth
The velocity = flow rate/The cross-sectional area

69

So, we are in the range of recommended fluid velocity in the rectangular sedimentation tank
Number of tank = 26
Flow rate for each tank = 2.77 MGD
Dimension for each tank:
Volume (V) = 864 m3
Length (L) = 36 m
Width (W) = 9 m
Depth (D) = 2.67 m
Aeration tank

Rectangular
Sedimentation tank

32

26

Number of Tanks
Depth

(m)

6

2.67

Length

(m)

100

35.99

Width

(m)

20

9.00

Volume (MG)

1.6

0.23

# of diffuser/tank

2500

N/A

Land required (Acre)

8.64

2.29

Excel Sheets Attached Online If Needed
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Appendix A.3 Tertiary Treatment: Slow Sand Filtration
Design, filtration rate is 0.2 m3/m2•h, depth of the sand is between 0.7 and 1 m,
effective size of the filter media is between 0.15–0.35 mm, and the height of supernatant
water should be less than 1.5 m (Vigneswaran et al. 1995). Total influent flow rate is 72 MGD
(269,491 m3/day)

In order to minimize the land requirement, it is preferred to build two layers of the
sand filtration so we can cut the land requirement to half.
Appendix A.4 Chlorine Contact Time
Since the UV AOP system kills all of the bacteria before the secondary disinfection
step, it is assumed that the chlorine demand of the water is 0. This results in any added
chlorine immediately becoming free chlorine residual. Using a standard contact time of 7
days in the distribution system, the total dosage to achieve a 450 mg-min/L chlorine contact
time (CT), required by the state of California, can be calculated using the flowing equation:
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Appendix B – Detailed Economic Analysis
Appendixes B1: Detailed Economic Calculation

B1.1 Estimating Plant Facilities Cost
Most of the estimated costs are derived from government documents and other books
that were published before 2011. Therefore, The Chemical Engineering Plant Cost Index is
used to calculate for the inflation. The way to inflate an estimate from an old cost to current
cost is by the following:

B1.2 Raw Wastewater Pumping Station
Usually, the raw wastewater is fed to the treatment plant through underground gravity
pipelines. The structure of the pumping station must be partially built underground, with a
depth that does not exceed 40 foot. However, the depth of the pumping stations highly affects
the construction cost. The type of the pump is screw pumps. Based on the flow rate of the raw
wastewater, that is 72 MGD, the total cost of the pumping station is $4,350,000 in 1975
dollars, and it is now worth $ 14,042,105 (Benjes, ”Cost Estimating Manual” 38). The cost are
presented in detail in table B1.1
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Table B1.2 Estimated construction cost of raw wastewater
pumping in 2011 money

Construction cost
$ 2,688,065
$ 672,016
$ 1,344,032
$ 2,688,065
$ 806,419
$ 403,210
$ 2,016,049
$ 1,592,655
$ 1,831,594
$ 14,042,105

Manufactured Equipment
Concrete
Steel
Labor
Metal Pipes and valve
Housing
Electrical & Instrumentation
Miscellaneous
Contingency
Total Estimated cost

B1.3 Screens
The total costs of the manufactured equipment’s for the screen are $3.3 million as
shown in table B1.3.1 (Hydro-Dyne, 2012)
Table B1.3.1 Estimated manufactured cost for equipment of the screens

Equipment

Quantity

Coarse screens

5

Fine screens
Very fine screens
Total cost

5
5

Cost
$
800,000
$ 1,250,000
$ 1,250,000
$ 3,300,000

The manufactured equipment is only 31.8 % of the construction cost (Benjes, “Cost
Estimating Manual” 16 & 44). Therefore, the total estimated cost for the construction of the
screen is $ 8,341,677 as shown in table
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Table B1.3.2 Estimated construction cost of the screens

Construction cost
Manufactured Equipment
Concrete
Steel
Labor
Metal Pipes
Housing
Electrical & Instrumentation
Miscellaneous
Contingency
Total estimated cost

% of total cost
31.8
0.8
0.2
18.1
6.2
16.4
3.6
11.3
13.0
100

$ 3,300,000
$
58,183
$ 14,130
$ 1,307,044
$ 450,296
$ 1,186,937
$ 260,578
$ 820,695
$ 943,814
$ 8,341,677

B1.4 Grit Chamber
The total cost of the manufactured equipment’s of grit chamber is $420,000 as shown
in (Hydro-Dyne, 2012). We assume that the manufactured equipment is only 31.8 % of the
construction cost. Therefore, the total cost is $ 1,061,668.
B1.5 Sedimentation Basins for Primary and Secondary Treatments
The estimated construction cost of the sedimentation basins is determined as a
function of the surface area of the basin. However, the depth of the basin won’t highly affect
the accuracy of the estimate. Based surface area of the sedimentation basins for both primary
and secondary treatments, that is 199,327 ft., the total construction cost is $ 7,500,000 worth
of 1975 dollars, and it is now worth $ 24,210,526 (Benjes, “Cost Estimating Manual” 34). The
cost are presented in detail in table B1.4
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Table B1.5 Estimated construction cost of sedimentation basins
in 2011 money

Manufactured Equipment
Concrete
Steel
Labor
Miscellaneous steel
Concrete pipe
Electrical
Miscellaneous items
Contingency
Total Estimated cost

Construction cost
$ 4,883,897
$ 1,107,472
$ 1,564,139
$ 2,795,466
$ 5,349,301
$ 218,455
$ 2,387,809
$ 2,746,076
$ 3,157,911
$ 24,210,526

B1.6 Aeration Tanks, Air Supply System and Sludge-Pumping Station
The estimated construction cost of the aeration basins is determined as a function of
liquid capacity of the aeration tank. For this plant, the volume of the aeration tank is 50.4
million gallons (6,732,379 ft3). The total construction cost of the aeration tanks is $ 8,500,000
in 1979 dollars, and it is now worth $20,966,904, the cost of the aeration tanks include
excavation, concrete, walkways, pipes, and handrails (Benjes, “Handbook” 126).
The construction cost for air supply system and air diffusion system are a function of
air capacity, in ft3. Total air flow required for this plant is 72,536 ft3. The total construction
cost of air supply and air diffusion systems are $1,100,000 and $2,800,000 in 1979 dollars,
and they are now worth $2,713,364 and $6,906,745 respectively. (Benjes, “Handbook” 128
&129).
The construction cost of sludge-pumping station is a function of pumping capacity, in
MGD. The volume of sludge returned to the aeration is 2.56 MGD. The total construction cost
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of the sludge-pumping station is $150,000 in 1979 dollars, and it is now worth $370,004
(Benjes, “Handbook” 122).
The total cost of aeration tanks, air supply system, air diffusion system and sludgepumping station is $ 30,957,017. These result are presented in table B1.5
Table B1.6 Estimated construction cost of the activated sludge
system except for the sedimentation basins in 2011 money

Rectangular Aeration tanks

Construction cost
$
20,966,904

Air Supply System

$

2,713,364

$

6,906,745

Recycling pumping station

$

370,004

Total estimated cost

$

30,957,017

Air Diffusion System
Fine Bubble Diffusers

B1.7 Polymer Feed System
The construction cost of polymer feed system is a function of the rate of polymer
added into the wastewater, in lb. /day. For our plant, we would need 138 lb. /day of Clarifoc
WE 962 polymer. The total construction cost of the polymer feed system is $1,180,000 in
1979 dollars, and it is now worth $2,910,700 (Benjes, “Cost Estimating Manual” 63).
B1.8 Slow Sand Filtration
The construction cost of slow sand filtration is a function of area of the sand, in ft. For
our plant, the surface area of the sand filtration is 604,716 ft. The total construction cost of the
slow sand filtration can be calculated using the following equation
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The cost is $12,444,751 in 2008 dollars, and it is now worth $13,946,458 (McGivney,
57).

B1.9 Ultrafiltration
The capital cost of ultrafiltration is a function of flow rate, in MGD. The estimated
capital costs include yard piping, landscaping, electrical and control construction, and
engineering, legal, and administration costs. We can calculate the estimated cast using the
following equation (Dr. Snyder, personal communication, Jan 24, 2012)

(Eq
B1.7.1)

We assume the site work is 14% to calculate the construction cost (Benjes, “Handbook” 107).

B1.10 Advanced Oxidation (UV, H2O2)
The capital cost of advanced oxidation is a function of flow rate, in MGD. This
estimation include cost of equipment, yard piping, landscaping, electrical and control
construction, and engineering, legal, and administration costs. We can calculate the estimated
capital cast using the following equation (Dr. Snyder, personal communication, Jan 24, 2012)

(Eq B1.7.2)
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Calculate the construction cost by adding the site work, which is 14% (Benjes, “Handbook”
107).

B1.11 Nano-Filtration
The capital cost of nanofiltration is a function of flow rate, in MGD. This estimation
include cost of yard piping, landscaping, electrical and control construction, and engineering,
legal, and administration costs. We can calculate the estimated capital cast using the
following equation (Dr. Snyder, personal communication, Jan 24, 2012)

(Eq B1.8.1)

Calculate the construction cost by adding the site work, which is 14% (Benjes, “Handbook”
107).

B1.12 Chlorine Disinfection and Neutralization using Mono-Chloramine
The capital cost of chlorine disinfection is a function of flow rate, in MGD. This
estimation includes the cost of feeder, storage, some piping, electrical and control
construction. The total capital cost of the chlorine disinfection system is $ 637,778 in 1974
dollars, and it is now worth $2,284,207 (“Disinfection of Wastewater” 24).
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Calculate the construction cost by adding the site work, which is 14% (Benjes, “Handbook”
107).

We assume the cost of Neutralization system is the same as the chlorine disinfection,
therefore the total construction cost is $ 4,568,415.
B1.13 Typical Land-Area Requirements and Cost
The cost of the land varies a lot, and based on the location of our plant, which is San
Diego, we assume that the cost of the land is $150,000/Acre. The total area required for of the
plant is 52 acre (Benjes, “Handbook” 153). So, the total cost of the land is $7,800,000.
Total Construction Cost: $298,586,017
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Appendixes B2 Cash Flow Calculations
In order to determine the cash flow, we need to find the total capital investment (TCI)
and total production cost (C). The total capital investment for this plant is estimated based on
the individual factors method of Guthrie (Seider et al. 557), which is around $ 557 million as
given in table B2.1
Table B2.1 Total capital investment

Total Capital Investment
Total Construction cost

$ 298,586,017

Direct permanent investment

$ 352,331,500

Cost of Contingencies and contractors fee

$

63,419,670

Total depreciable capital, TDC

$

415,751,169

Cost of land

$

7,800,000

Cost of royalties

$

8,315,023

Cost of plant startup

$

41,575,117

Total permanent investment, TPI

$

83,325,671

Working Capital

$

83,325,671

Total Capital investment, TC

$ 556,766,980

The annual Operating & Maintenance Costs (labor and material requirements), are
$29,601,291 as shown in tableB2.2 (Benjes, “Handbook” 136-147 & Dr. Snyder, personal
communication, Jan 24, 2012). The total production cost (C) is estimated by using cost factor
(Seider et al. 604), which is $62.5 million as shown in tableB2.3
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TableB2.2 Annual O & M Costs
Wastewater pumping

$
104,835

Preliminary treatment (grit removal, screening
, grinding, and flow measuring)
Sedimentation tanks
Water-sludge pumping
Air supply and diffusion
system
Chlorine feed system and residual monitoring
Yard maintenance
Advanced Oxidation (UV, H2O2)
Ultrafiltration
Nano-filtration
Total Annual O & M Costs

$
61,667
$
226,936
$
33,300
$
71,534
$
276,270
$
37,000
$
2,190,457
$
8,430,253
$
18,169,039
$
29,601,291
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TableB2.3 Total production cost.
Feedstocks
Utilities
Electricity
water
Landfill
Total Utilities
Operations (O), Maintenance (M)
Operating overhead
General plant Process
Mechanical department services
Employee relations department
Business Services
Total operating Overhead
Property taxes and insurance
Depreciation (D)
COST OF MANUFACTURE (COM)
Sales
TOTAL PRODUCTION COST (C )

$

994,966

$
$
$
$
$

8,855,331
7,195
8,855,331
28,601,291

$
$
$
$
$
$
$
$
$
$

2,030,692
686,431
1,687,476
2,116,496
6,521,094
5,971,720
23,886,881
62,527,777
62,527,777

We assume that the plant will be constructed in four years and has a lifetime of 25
years, depreciation is a straight-line, no inflation during the life time of the plant, and because
there is no sale, the tax is zero. The NPV will be negative $ 2,003.9 million as shown in
tableB2.4
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[Type text]
Table B2.4 Cash flow, in term of Million, (i =9 %) and tax rate is zero.
End of
Year
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14

fC TDC
(103.9)
(103.9)
(103.9)
(103.9)

C WC

D

C excl
D

S

Net
Earning

Undisc. Cash Disc. Cash
flow
Flow (PV)

Cumulative
PV

0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96

63.53
63.53
63.53
63.53
63.53
63.53
63.53
63.53
63.53
63.53
63.53

-

(64.5)
(64.5)
(64.5)
(64.5)
(64.5)
(64.5)
(64.5)
(64.5)
(64.5)
(64.5)
(64.5)

(103.9)
(103.9)
(103.9)
(20.6)
(63.5)
(63.5)
(63.5)
(63.5)
(63.5)
(63.5)
(63.5)
(63.5)
(63.5)
(63.5)
(63.5)

15

0.96

63.53

-

(64.5)

(63.5)

(63.5)

(1,094.8)

16

0.96

63.53

-

(64.5)

(63.5)

(63.5)

(1,158.3)

17

0.96

63.53

-

(64.5)

(63.5)

(63.5)

(1,221.8)

18

0.96

63.53

-

(64.5)

(63.5)

(63.5)

(1,285.3)

19

0.96

63.53

-

(64.5)

(63.5)

(63.5)

(1,348.9)

20

0.96

63.53

-

(64.5)

(63.5)

(63.5)

(1,412.4)

21

0.96

63.53

-

(64.5)

(63.5)

(63.5)

(1,475.9)

22
23
24
25
26
27
28

0.96
0.96
0.96
0.96
0.96
0.96
0.96

63.53
63.53
63.53
63.53
63.53
63.53
63.53

-

(64.5)
(64.5)
(64.5)
(64.5)
(64.5)
(64.5)
(64.5)

(63.5)
(63.5)
(63.5)
(63.5)
(63.5)
(63.5)
(146.9)

(63.5)
(63.5)
(63.5)
(63.5)
(63.5)
(63.5)
(146.9)

(1,539.5)
(1,603.0)
(1,666.5)
(1,730.0)
(1,793.6)
(1,857.1)
(2,003.9)

83.33

(83.33)

(103.9)
(103.9)
(103.9)
(20.6)
(63.5)
(63.5)
(63.5)
(63.5)
(63.5)
(63.5)
(63.5)
(63.5)
(63.5)
(63.5)
(63.5)

(103.9)
(207.9)
(311.8)
(332.4)
(396.0)
(459.5)
(523.0)
(586.5)
(650.1)
(713.6)
(777.1)
(840.6)
(904.2)
(967.7)
(1,031.2)

Excel Sheets attached online if needed
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Appendix C – Process Hazard Analysis – Online Dropbox
Appendix D – Phone Logs
Meeting/ Phone Log
Date: 3/20/2012
Contact Information
Name: Jeff Prevatt
Company: Pima County
Phone number: 520-724-6040
Team Members Present: Logan Robinson, Chris Anthony, Bryce Hashimoto, Andrea Byrne,
Abdul Alqahtani

Summary of Information, that pertains to the report (costs, flow rates, sizes, assumptions).
Conference room discussion of our PFDs:
The Avra Valley Wastewater facility used activated sludge that allowed for nitrogen removal
 Used UV in channel on the facility
Reuse fraction of on site water for seal water and clarifiers as well as a side stream for dust
control
Activated carbon prior to ultrafiltration will be ‘blinded’ due to inability to backwash activated
carbon often enough
Incorporate a disinfection portion in wastewater treatment PFD to allow for alternative uses other
than potable water, such as pump seals, clarifiers, side streams for dust control
 Approximately 8% of water treated at Avra Valley site is used for irrigation
 Also will allow for environmental discharge in the event that water needs to be
discharged due to mechanical failures and of the sort.
Key emphasis is that filtration and disinfection is a very energy intensive step
The waste stream (concentrated stream) for RO is about 25%
Should implement a flow equalization prior to disinfection PFD to allow for continuous
treatment of wastewater even at instances of disinfection equipment failure
Currently at Avra Valley, solids handling and treatment – the solids are digested anaerobically at
95 F and are working on implementing fertilizer that is class A fertilizer.
Emphasis of hazard of using hydrogen peroxide (H2O2)
Most likely will need to adjust the pH using NaOH
Incorporate a sampling plan to ensure product quality.
The approximate cost of treating wastewater to nutrient removal is $10 / gal

Tour:
Foul air is sent through dirt and rocks to consume odors from influent stream
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The influent stream is handled by 4 equally sized pumps. However during the off season only 12 are utilized and are currently handling 1.3 MGD.
Discussing about switching 4 equally sized pumps to 3 large pumps and 1 smaller one.
Also incorporating a Variable speed drive to allow the pumps to operate at different flow
rates
Currently using a submersible centrifugal pump. Some of the considerations that need to
be taken are the fact that they are constantly sand blasted from influent as well as have
pre-rotation pumps in place to prevent the pump heads from getting clogged, using
turbulent water flow. One disadvantage of the pre-rotation pumps is sacrificing high
precision control
Also have an influent overflow basin that allows maintenance to divert water for 3 – 4 hours.
Use automated screens for removal of solids from influent water stream. If get clogged,
avaliable methods to remove large debris (manual operation)
The site owns two back up generators that each have a fuel tank that would allow the plant to
continue operation for 24 hours, giving a large maintenance time window
The aeration tanks have undergo a nitrification/denitrification cycle. Each is operated
automatically for 2 hours. For nitrification cycle, oxygen is added using what looks like algae
raceway paddlewheels
Activated sludge is pumped out and sent to solids handling. Approximately 70,000 lbs
are removed every 4 – 5 hours. This is important to ensure that the microbial bacteria do
not proliferate at too great of an extent that there is not enough ‘food’ or organic material
present.
In the sedimentation tanks, water is pumped from center at bottom. On top has equipment to
remove scum and foam (baffle and cloth).
Prior to sand filtration, there is a diversion valve that can sent water elsewhere if sand filtration is
clogged or dysfunctional.
Currently using a parkson co sand bed with is approximately 15,000 gallons.
This piece of equipment is the greatest bottleneck through the entire process
When sizing, also need to account for surface water infiltration due to storms
The UV channels are arranged in two columns with 4 open channel UV sets of lights
The UV lamps are low pressure and high intensity. The open channel arrangement
makes the lights easier to clean. Operates at approximately 70% transmittance
Another UV treatment option is medium pressure and high intensity lights that operate in
short tubes if space is limited. Operates at approximately 80% transmittance
Important part of UV is that it reduces the amount of chlorine required to disinfect.
**Beginning of solids handling**
Over the course of 4 – 5 hours, approximately 70,000 lbs. activated sludge is sent to
thickener and 10,00 lbs. are disposed of.
The 70,000 lbs of activated sludge is initially at 32 mg/L. From the 70,000 lbs of activated
sludge that is removed from the aeration tanks, 10,000 lbs is concentrated by causing the
activated sludge to clump together to 3,200 mg/L using the polymer I mentioned yesterday. The
polymer is produced by a company called “Polydyne Inc” and the polymer is “Clarifoc WE 962”
and looks like it came in a tote that is approximately 230 gallons. The remainder of the water
and activated sludge (60,000 lbs at 32 mg / L) are returned to the aeration tanks.
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Meeting/ Phone
Date: 24 April 2012
Contact Information
Name: Steven Coker.
Company: Dow Chemical
Phone number: Email: SDCoker@dow.com
Team Members Present:
Bryce Hashimoto

Summary of Information, that pertains to the report (costs, flow rates, sizes, assumptions).
The most common membrane for the application of water reuse application is XFRLE-400. This
membrane is arranged into 16 membrane system in parallel, where each of the systems is
arranged into three stages to obtain the highest permeate recovery rates. In this arrangement,
each of the membrane systems can treat 4.5 MGD of treated water. The number of membranes
is directly dependent on the fouling tendency of the incoming water and on average each
membrane can treat between 10-12 gallons per ft2.
Meeting/ Phone Log
Date: 5 April 2012
Contact Information
Name: Austin (didn’t get last name)
Company: Hydro-Dyne Engineering, Florida
Phone number: (813) 818-0777
Team Members Present: Andrea Byrne (phone call)

Summary of Information, that pertains to the report (costs, flow rates, sizes, assumptions).
Screen system
1. Coarse screen—6mm diameter openings, mechanically cleaned
a. Triden screen (Hydro-Dyne)
2. Fine screen—2mm diameter openings
a. Hydro-Flo (Hydro-dyne)
3. Very fine screen—0.5mm diameter openings
a. Hydro-Flo
4. Ball-park estimate: 5 coarse screens $800,000. Fine and ultra-fine screens $1.25 million
for each set
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Grit removal
1. Vortex-type grit chamber
a. Benefits: high percentage removal of fine grit, consistent removal, minimal
headloss, advantageous for limited space requirements
b. Disadvantages: proprietary designs, usually require excavation to install which
increases construction costs, easy to clog
c. Hydro-dyne Vortex Grit removal: 2 24-ft diameter grit chambers with peak flow
of 70 MGD ($150,000 each). Full redundancy would require 3 40-MGD system
($140,000 each).

Meeting/ Phone Log
Date: 5 April 2012
Contact Information
Name: James Peterson P.E.
Company: GE Water and Process Technologies
Phone number: Phone Call – 760.685.8573 and Email
Team Members Present:
Bryce Hashimoto

Summary of Information, that pertains to the report (costs, flow rates, sizes, assumptions).
As a result of treating wastewater to potable water for direct potable reuse, ultrafiltration is
highly recommended due to being able to greatly reduce turbidity and other suspended solids
making UV oxidation and nanofiltration much more effective and foul less frequently. The scale
of a 72 MGD ultrafiltration facility is feasible as San Diego currently has a 100 MGD water
treatment facility that uses 14 membrane systems in parallel and each one contains 6 consoles,
where each one is made up of 81 modules. Within each of the modules include thousands of
membranes. Should also contact or read literature by Bruce Mansell and Jorg Drewes.
Meeting/ Phone Log
Date: 2 February 2012
Contact Information
Name: Dr. Shane Snyder
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Company: University of Arizona
Phone number: Meeting
Team Members Present:
Abdul, Alquahtani, Andrea Byrne, Chris Anthony, Bryce Hashimoto, Logan Robinson

Summary of Information, that pertains to the report (costs, flow rates, sizes, assumptions).
This meeting focused on some of the logistics centered about the wastewater treatment and
disinfection processes of the project. One of the major emphasis brought up by Dr. Snyder is if
the total dissolved solids is relatively low then RO can be bypassed. Some of the current options
for the wasted activated sludge is to use as fertilizer. However there are sanitary standards for
the activated sludge: class B fertilizer can only be used on non-edible foods while class A
fertilizer can be used for food crops. Dr. Snyder also highly suggested taking a tour of the Avra
Valley wastewater treatment site to gain a better understanding of the process and types of
equipment. Based on our design of placing the hydrogen peroxide oxidation step prior to reverse
osmosis, the hydrogen peroxide must be neutralized to prevent membrane damage. Furthermore,
the use of activated carbon is not necessary to have prior to ultrafiltration as they will remove the
same kinds of particulates. If there is a high degree of ammonia in the water, chloramines can be
generated with the addition of chlorine.
Meeting/ Phone Log
Date: 5 April 2012
Contact Information
Name: Dr. Shane Snyder
Company: University of Arizona
Phone number: Meeting
Team Members Present:
Abdul, Alquahtani, Andrea Byrne, Chris Anthony, Bryce Hashimoto, Logan Robinson

Summary of Information, that pertains to the report (costs, flow rates, sizes, assumptions).
This meeting began focusing on wrapping up all the loose ends for the project as design and
optimization is halted and writing begins. Due to the lack of space, it is difficult to create
overflow basins and thus any water that cannot be tolerated by our facility will be discharged to
the ocean as is currently being performed. However, this should not be a large factor as since the
supply is on the order of 300 million gallons per day, we are only extracting a fraction of the
total flow. Similarly, the brine solutions, which are minimized due to optimal removal methods
are discharged to the ocean. The primary focus is to increase the water supply and future
projects can focus on reducing the mass of waste discharged to ocean. The optimized treatment
train must reduce organic matter prior to adding chloramines to neutralize hydrogen peroxide to
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prevent formation of NDMA, a potential carcinogen. Future things to look at include injecting
wastewater directly into the ground with minimal treatment and allowing the ground (vadose
zone) to treat the water and upon pumping the water out, perform the compete disinfection.

Meeting/ Phone Log
Date: 16 February 2012
Contact Information
Name: Dr. Shane Snyder
Company: University of Arizona
Phone number: Meeting
Team Members Present:
Abdul, Alquahtani, Andrea Byrne, Chris Anthony, Bryce Hashimoto, Logan Robinson

Summary of Information, that pertains to the report (costs, flow rates, sizes, assumptions).
This meeting focused on some of the logistics centered about the wastewater treatment and
disinfection processes of the project. One of the major emphasis brought up by Dr. Snyder is if
the total dissolved solids is relatively low then RO can be bypassed. Some of the current options
for the wasted activated sludge is to use as fertilizer. However there are sanitary standards for
the activated sludge: class B fertilizer can only be used on non-edible foods while class A
fertilizer can be used for food crops. Dr. Snyder also highly suggested taking a tour of the Avra
Valley wastewater treatment site to gain a better understanding of the process and types of
equipment. Based on our design of placing the hydrogen peroxide oxidation step prior to reverse
osmosis, the hydrogen peroxide must be neutralized to prevent membrane damage. Furthermore,
the use of activated carbon is not necessary to have prior to ultrafiltration as they will remove the
same kinds of particulates. If there is a high degree of ammonia in the water, chloramines can be
generated with the addition of chlorine.
Meeting/ Phone Log
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Date: 16 January 2012
Contact Information
Name: Dr. Shane Snyder
Company: University of Arizona
Phone number: Meeting
Team Members Present:
Abdul, Alquahtani, Andrea Byrne, Chris Anthony, Bryce Hashimoto, Logan Robinson

Summary of Information, that pertains to the report (costs, flow rates, sizes, assumptions).
Initial project meeting - The most feasible application of a wastewater treatment facility to create
potable water focusing on using minimal chemical usage is in San Diego. Some of the
alternatives to look at include UV and ozone and to stay within compliance, chlorine or
chemicals that have chlorine ions. Get an idea of the current water quality using the current
Point Loma Water treatment facility and sort through state and federal water effluent standards.
Due to the land-lock situation for the Point Loma water treatment site, try to create multiple
water treatment facilities around San Diego versus one that treats all of the water. Look at New
Mexico and Florida as case studies and gain a better understanding of the project.

Meeting/ Phone Log

Date: 24 January 2012
Contact Information
Name: Dr. Shane Snyder
Company: University of Arizona
Phone number: Meeting
Team Members Present:
Abdul, Alquahtani, Andrea Byrne, Chris Anthony, Bryce Hashimoto, Logan Robinson

Summary of Information, that pertains to the report (costs, flow rates, sizes, assumptions).
Explored the differences between granulated, biological, and powdered activated carbon and
granulated and powdered are the preferred choices. They allow for solids to be adsorbed to the
carbon surface and are pulled out of solution. Powdered activated carbon is easiest as simply
add to the water versus granuated activated carbon where a tank or basin is necessary to hold the
solid. Investigate the California chemicals of emerging concern to identify which chemicals
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could potentially be regulated in future and try find methods of removal. For example, NDMA
can be degraded with UV. In bacteria and virus removal, UV is more effective against viruses
due to a lack of cell membrane, while hydrogen peroxide or ozone is very effective at destroying
the cell membranes on bacteria. If reverse osmosis or other kind of membrane is used,
disinfectants and oxidants such as chlormaine need to be added to decrease the degree of
biological growth or fouling on the membranes between backwashing. In regards to economics,
aim towards a 10 – 20 year plant lifespan.
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