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Section 1 
Introduction and Purpose 

1.1 Project Background 

The City of Paso Robles (City) is a Project Participant in the Nacimiento Water Project (NWP) currently being 

implemented by the San Luis Obispo County Flood Control and Water Conservation District.  The NWP is a 

regional water supply system that will convey raw water from Lake Nacimiento to communities in San Luis 

Obispo County, including the City.  The City wishes to construct a water treatment plant (WTP) to treat 

surface water received from Lake Nacimiento, utilizing this additional water source to increase supply 

reliability, particularly during the summer months.  However; the City is currently unable to finance 

construction of a treatment plant large enough to take advantage of the City’s full NWP allocation, which is 

approximately 6 million gallons per day (MGD).  Therefore, the City wishes to construct the surface water 

treatment facility in two phases without exceeding a total initial project cost of $10 million dollars.  The City 

estimates that a Phase 1 treatment plant capacity of at least 2 million gallons per day (MGD) will be required 

to meet demand during summer months.  It is anticipated that the City will construct a second, Phase 2, WTP 

with a capacity of approximately 4 MGD, which will operate in parallel with the Phase 1 WTP, at some time in 

the next ten years once sufficient funds are available. 

1.2 Purpose of Report 

The purpose of this report is to establish whether it is feasible for the City to construct a 2-MGD WTP within 

the available $10 MM budget and to estimate the ongoing operations and maintenance costs associated with 

the WTP.   

As a necessary component of the funding feasibility evaluation, this report also presents preliminary 

recommendations for the treatment process train and site layout.  The scope of this report did not include the 

detailed evaluation of the process train and site layout that would be required to optimize them for cost and 

operability.  Should the City decide to proceed with design of the project, it is AECOM’s recommendation that 

this study be followed by a workshop with the AECOM design team and City staff to identify which project 

elements warrant additional study.  AECOM also recommends that, following the workshop, a more detailed 

Predesign Report be prepared.  The purpose of the Predesign Report would be to resolve any process 

decisions left outstanding after the workshop and to document the more detailed sizing of the WTP 

components that must be completed before construction plans and specifications can be prepared.
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Section 2 
Project Requirements 

2.1 Funding 

The City has determined that approximately $10 million is available for the initial WTP project. 

2.2 Regulatory Requirements 

Many federal, state, and local regulations influence WTP projects.  The specific regulations that are 

anticipated to have the greatest impact on the Paso Robles WTP Project are summarized below: 

 General California regulations and statutes related to drinking water. 

- Requirement for multibarrier treatment, including both physical pathogen removal and 

disinfection 

- Requirement to comply with disinfection byproduct (TTHM, HAA5, chlorite, and bromate) 

maximum contaminant level (MCL) limitations 

 California Surface Water Treatment Alternative Filtration Technology Demonstration Report 

- Includes a list of membrane filtration equipment models that have been preapproved for use by 

California drinking water treatment plants. 

- Specifies pathogen log removal credits, maximum membrane flux, and maximum trans-

membrane pressure. 

- Specifies maximum filtrate turbidities specific to the type of alternative filtration technology being 

used. 

- Restates the USEPA Surface Water Treatment Rule requirement for at least 0.5 log Giardia 

reduction through disinfection. 

 Lake Nacimiento Rule 

- Requires that the treatment process train include “coagulation, flocculation, sedimentation, 

filtration, and disinfection”. 

- Previous attempts by the City to obtain an exception to this rule have been unsuccessful. 

- Requires a solids removal pretreatment process upstream of membrane filtration regardless of 

how robust the membrane filtration and disinfection processes are. 

2.3 Membrane Filtration 

A predesign study prepared by Black and Veatch (Treatment Process Train and Membrane System 

Alternatives Evaluation, October 8, 2008) concluded that low-pressure (microfiltration or ultrafiltration) 
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membranes are the preferred filtration technology for treating Lake Nacimiento water.  Based on the 

recommendations of that study, the City has decided to use low pressure membranes for filtration at the 

Phase 1 WTP.  This study assumes that microfiltration or ultrafiltration membranes will be used and does not 

evaluate other filtration technologies such as granular media filters. 

2.4 Treatment Plant Capacity 

The City has determined that the Phase I WTP will have a gross production capacity of at least 2 million 

gallons per day when operating 24 hours/day.  Actual net treated water production may be less than the 

gross capacity of the treatment plant due to the need to use treated water for backwashing of filters and 

other plant service needs.  The actual net production capacity will depend on the hydraulic capacity of 

available modular, packaged treatment equipment and is anticipated to be no less than 95% of the 2-MGD 

goal.  Additionally, the preferred operational approach (e.g. annual vs. seasonal operation, 24 hour vs. part-

time, and required amount of blending) has not been determined.   

While a robust WTP design is preferred, evaluating the impacts of providing redundant treatment elements is 

not a requirement of this study.  Based on discussions with City staff, this study assumes that, in general, the 

City is willing to sacrifice some reliability in order to keep project costs down.   

2.5 Water Quality 

2.5.1 Raw Water 

This study assumes that the raw Lake Nacimiento water to be treated at the WTP will have characteristics 

falling within the water quality parameter ranges previously measured by the County of San Luis Obispo.  

Lisa Wallender, Water Systems Chemist with the County of San Luis Obispo provided AECOM with the 

County’s full Lake Nacimiento water quality database on October 26, 2010.  The complete October 26, 2010 

database has been included as Appendix A and the critical parameters are summarized in Table 2-1.  The 

schedule for completion of this study did not allow for the most current County water quality records to be 

obtained; however, it is recommended that the latest Lake Nacimiento water quality database be obtained 

and evaluated prior to final design of the WTP.  The data provided by the County are based on tests 

performed on water taken from several lake depths.  Because there is no way to predict which raw water 

intake laterals will be used over the life of the Phase 1 WTP, the full range of water quality values from all 

depths has been assumed. 

 

Parameter 
Minimum 

Value 
Maximum 

Value 
Average 

Value 
5

th
  

Percentile 
95

th
 

Percentile 

Turbidity (NTU) 0.5 44 5.3 - 18 

TOC (mg/L) 2.6 6.4 3.5 - 5.3 

pH 6.2 8.86 7.62 6.92 8.33 

Temperature (deg. C) 6.8 26.5 14.7 10 24.5 

Alkalinity (mg/L as CaCO3) 74 140 104 - 130 

Algal Count (No/mL) 36 4,700 888 - 2,750 
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2.5.2 Treated Water 

The primary finished water quality requirements for the project are summarized below.  While this list does 

not include every regulatory water quality requirement, these are anticipated to be the most challenging 

requirements to meet with a relatively low-cost WTP using primarily packaged equipment.  

 Finished water turbidity shall not exceed 0.1 NTU 95% of the time and shall not exceed 1.0 NTU at 

any time.   

 The finished water must carry a measureable level of residual disinfectant. 

 The water present throughout the entire water distribution system, which will be comprised of a blend 

of treated surface water and water from the City’s wells, must satisfy the requirements of the Stage 2 

Disinfectants and Disinfection Byproduct Rule (Stage 2 DBP Rule). 

 The treated water shall not have objectionable tastes and odors that would lead to an increase in 

consumer T&O complaints. 

2.6 Treatment Plant Construction Phasing 

The following assumptions have been made regarding the phasing and long-term operational strategy for the 

Phase 1 and Phase 2 treatment plants. 

 The Phase 1 WTP will remain in operation during and following construction of the Phase 2 WTP.  

Only minor, short duration Phase 1 WTP outages will be required during construction of the Phase 2 

WTP. 

 It has been assumed that at build-out the Phase 1 WTP and the Phase 2 WTP will operate in a 

parallel configuration independently of one another.  The City will have the flexibility to operate either 

WTP by itself or both WTPs at the same time. 

 Control of the Phase 1 WTP will initially be through a control room located at the Phase 1 WTP with 

some functions accessible remotely through SCADA.  Following construction of the Phase 2 WTP, 

primary control of both WTPs will be consolidated in a common control room to the extent possible. 

2.7 Other Project Goals 

The following goals identified by AECOM are not mandatory for the project, but meeting these goals would 

offer potential benefits to the City. 

 If possible, construct the Phase 1 WTP so that it can remain in operation with only minor 

interruptions while the Phase 2 WTP is being constructed 

 If possible, configure the treatment process at the Phase 1 WTP such that treatment process and 

operations match those of the proposed Phase 2 WTP.  To the extent this is possible, operational 

performance at the Phase 1 WTP would validate the performance of the planned Phase 2 WTP and 

could possibly be used to streamline the design of the Phase 2 WTP to reduce design, construction, 

and operational costs.  Using common processes at the two WTPs will also allow the City’s 

operations staff to use common or similar operational procedures for the two treatment plants. 
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Section 3 
Process Recommendation 

Based on the outcome of prior screening analyses, the City is pursuing the use of low-pressure membranes 

for filtration, the pretreatment requirement contained in the Lake Nacimiento Rule, and the need to control 

DBPs and taste and odor in the finished water.   As described in Section 2, it is AECOM’s recommendation 

that the process used at the Phase 1 WTP simulate the proposed process for the Phase 2 WTP, unless 

prohibited by cost or other factors.  The proposed process flow diagram is presented in Figure 3-1. 

3.1 Chemical Pretreatment 

Consistent with the recommendations made by all previous studies prepared for the City, pretreatment of the 

water with potassium permanganate is recommended.  The potassium permanganate is expected to perform 

the following functions: 

 Preoxidation of manganese in the raw water to permit its removal by downstream physical processes 

(also reducing risk factors for membrane fouling). 

 Potential improvement in the performance of downstream physical particle removal processes. 

 Preoxidation of naturally occurring organic material to reduce the subsequent chlorine demand and 

associated DBP formation. 

 Potential increased taste and odor control. 

3.2 Physical Pretreatment 

The Lake Nacimiento Rule requires that the treatment process include “coagulation, flocculation, 

sedimentation, filtration, and disinfection”.  The treatment steps listed in the rule: coagulation, flocculation, 

and sedimentation imply that a solids settling type process is required.  However, previous discussions 

between Black and Veatch, the City, and CDPH established that a solids floatation process such as 

dissolved air floatation (DAF) would meet the intent of this rule.  DAF pretreatment is planned at the Phase 2 

WTP. 

The primary goals of pretreatment are as follows: 

 To satisfy the pretreatment requirement of the Lake Nacimiento Rule. 

 To remove naturally occurring organic material present in the raw water both for the general 

improvement in water quality and more specifically reducing DBP formation potential following 

disinfection.  Pretreatment process organic removal will also reduce the potential for organic fouling 

of the membranes and may reduce the frequency of membrane chemical cleaning. 

 Significantly reduce the turbidity loading on the membranes.  Low pressure membranes can handle 

very high turbidities, but the membrane backwash and chemical cleaning requirements are typically 

reduced with lower influent turbidities. 
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 Gently remove algae without inducing algal cell lysis, reducing the risk of taste and odor problems. 

It has been estimated that the DAF treatment process will be approximately $100,000 more expensive than a 

high-rate sedimentation process.  Even with the tight project budgetary constraints, it is AECOM’s opinion 

that the benefits of installing DAF outweigh the additional cost.  The key benefits are: 

 Previous treatment process evaluations have concluded that DAF will perform better than 

sedimentation on NWP water.  This conclusion is based primarily on superior algae removal and 

corresponding reduction in the risk of taste and odor problems. 

 If DAF is to be installed at the future Phase 2 WTP, it would be valuable to obtain full-scale operating 

data on the process prior to design of the Phase 2 WTP. 

3.3 Membrane Filtration 

There are at least two large membrane filtration system manufacturers that sell packaged, cartridge type, 

membrane filtration systems for potable water in the size range required by this project: Pall Corporation and 

Siemens Water Technologies.  Pall Corporation offers both field-installed packaged systems and packaged 

systems that are preinstalled inside of a mobile trailer.  The City is currently using one of the trailer-mounted 

systems to treat one of the City’s groundwater wells.  The characteristics of the standard packaged systems 

manufactured by Pall and Siemens are summarized in the table below: 

 

System Pall Aria AP-6 Pall Trailer System Siemens Memcor CP72 

Number of trains 2 2 2 

Capacity per train 700 gpm 800 gpm 660 gpm 

Max. modules per train 60 80 72 

Instantaneous flux 30 gfd 23 gfd 40 gfd 

Module material PVDF PVDF PVDF 

Degree of filtration MF (Microza module) MF (Microza module) UF (L20 module) 

The Pall Aria AP-6 and Siemens Memcor CP72 systems are comparable in capability and could be 

competitively bid.  These systems are also approximately one half of the cost of the trailer mounted system 

and are easier to maintain due to the increased working clearances around the field installed equipment.  

The major advantages of the Pall trailer-mounted or skid-mounted systems include the familiarity of the City’s 

operations personnel with the equipment and the potential ability to stock common spare parts for the 

existing and new systems.   

All three systems include the following major components on the module skid or supplied as separate skids: 

 Feed water pumps 

 Automatic  backwashing strainers 

 Compressed air supply system 

 Chemical clean-in-place system 

 Clean-in-place residuals neutralization system 

 Turbidimeters 

 Skid flow meters 
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 Other ancillary instrumentation and control valves 

 PLC-based controls 

3.4 Granular Activated Carbon Post-Treatment 

The water produced by the WTP must meet all regulatory requirements, including the disinfection byproduct 

maximum contaminant levels; and objectionable tastes and odors must be controlled to reduce the potential 

for consumer complaints.  The use of granular activated carbon is very effective at meeting both of these 

requirements.  The percentage of the water that will pass through the GAC contactors and the empty bed 

contact time can both be controlled to optimize the quality of the water leaving the WTP.  It should be 

possible to satisfy the requirements of the DBP Rule by treating a large percentage of the WTP flow through 

the GAC without the need for blending with the Thunderbird wells.  Bench-scale testing of GAC could be 

used to further validate the feasibility of meeting DBP Rule compliance without blending.  The primary 

disadvantage of using GAC to meet the DBP and T&O requirements is operational costs.  The ability of the 

GAC to adsorb contaminants from the water is depleted over time as the carbon pores become clogged and 

adsorption sites become occupied.  The rate at which the GAC is depleted increases as the percentage of 

the treatment plant flow passing through the GAC vessels increases and as the empty bed contact time 

increases.  There is no way to accurately estimate the carbon usage rate without further testing. 

Other alternatives for mitigating DBP formation and taste and odor problems include the addition of 

powdered activated carbon to the clarification process; and ozone and advanced oxidation processes.  

Powdered activated carbon (PAC) is not as reliable as GAC and could create problems with other treatment 

processes.  Ozone and advanced oxidation treatment is not feasible for the 2-MGD plant given the City’s 

limitation on project cost.  It may be possible to configure the Phase 1 WTP to permit the addition of ozone 

treatment at a future date.  This option can be further evaluated as part of the proposed Predesign Report. 

3.5 Disinfection 

The WTP disinfection must meet two primary regulatory requirements: 

1. Provide at least 0.5-log giardia inactivation before the water leaves the WTP 

2. Provide the water entering the distribution system with a disinfectant residual that will survive to the 

far reaches of the system 

Only two chemicals are practical for use as a residual disinfectant:  free chlorine and monochloramine.  The 

City currently maintains a free chlorine residual in the water distribution system and wants to maintain that 

practice in the future.  Therefore, chlorine must be added to the water prior to leaving the WTP.  Chlorine is 

also effective as a primary disinfectant for meeting the 0.5-log giardia inactivation requirement.  Using 

chlorine, in the form of sodium hypochlorite, for both primary pathogen inactivation and residual disinfection 

is the lowest capital cost disinfection strategy.  There are two primary disadvantages of using chlorine for 

primary disinfection.  First, the City plans on using ozone for primary disinfection at the Phase 2 WTP.  If 

chlorine is used for primary disinfection at the Phase 1 WTP, the disinfection process would not simulate the 

process anticipated at the Phase 2 WTP (ozone).  Secondly, Lake Nacimiento water is expected to have 

high disinfection byproduct formation potential.  Previous bench-scale studies have predicted that Lake 

Nacimiento water disinfected with chlorine will not comply with the DBP rule unless steps are taken to 

mitigate DBP formation. 

Four DBP formation mitigation measures are proposed for the Phase 1 WTP: 
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1. The proposed pretreatment processes considered in this study will remove some DBP precursors 

and will therefore reduce the level of disinfection byproducts produced 

2. This study recommends the use of post-filtration GAC contactors for both taste and odor control and 

DBP precursor removal.  The GAC process, by itself, should be sufficient to limit DBP formation to 

levels complying with the DBP Rule without the need for blending with the Thunderbird wells.  

However, there will be a direct tradeoff between the level of GAC treatment and the ongoing GAC 

replacement costs.  The carbon usage rate cannot be accurately estimated without further testing. 

3. The volume of finished water storage will be minimized.  Only the storage volume required to meet 

disinfection CT requirements will be provided.  By not providing excessive chlorine contact time at 

the WTP, the level of DBPs leaving the plant should be reduced. 

4. The treated surface water may be blended with groundwater from the Thunderbird wells prior to 

serving the first consumer.  It is not anticipated that the chlorinated well water will form significant 

levels of DBPs, therefore the blend ratio of the two waters can be adjusted to blend down the level of 

DBPs in the water served to consumers. 

3.6 Disinfection Byproduct Control 

The first step in controlling disinfection byproducts will be the removal of DBP precursors through the DAF 

and membrane filtration processes.  It is anticipated that these processes, by themselves, will not remove 

enough DBP precursors to allow the City to comply with DBP regulations.  Additional control of disinfection 

byproducts will be accomplished using a combination of the following two methods: 

1. Treating all, or a portion, of the WTP flow with GAC 

2. Blending the WTP finished water with Thunderbird well water.  The Black & Veatch disinfection 

alternatives evaluation (November 2007) predicted that the blend ratio of finished surface water to 

groundwater required to satisfy regulatory DBP limits would need to be no greater than 3:5.  This 

equates to a well flow rate of 933 gallons/minute being required to blend with the design WTP 

production rate of 1,400 gallons/minute. 

Pending the completion of further GAC bench-scale testing, it appears feasible to meet regulatory DBP 

requirements using either GAC or blending alone.  The final decision as to what percentage of the WTP flow 

will be treated through GAC and what Thunderbird well blending ratio will be used can be made by the City 

based on economic and logistical considerations.  The degree to which GAC treatment and blending are 

implemented can also be changed over the life of the WTP in response to changes in commodity costs, 

surface water quality, and well water availability. 

3.7 Residuals Management 

The City has stated that the residuals produced by the WTP can be discharged into the sewer system and 

will be accepted by the City’s wastewater treatment plant.  Residuals will be generated from the following 

processes: 
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Process 

Volume per 
Cycle 

(gallons) 
Cycle 

Frequency 

Average Daily 
Volume 

(gallons) 

Maximum 
Flow Rate 

(gpm) Special Processing 

Clarification process 
residuals 

TBD TBD 20,000 TBD None 

Membrane prestrainer 
blowdown 

20 Every hour 400 100 None 

Membrane backwash 1,500 Every 10 
minutes 

100,000 1,100 None 

Membrane enhanced 
flux maintenance 

5,000 Daily 5,000 15 pH and chlorine 
residual neutralization 

Membrane CIP 5,000 Monthly 167 15 pH and chlorine 
residual neutralization 

It is assumed that the nearby sewer will not accommodate the peak flow rate of 1,100 gpm.  Therefore, a 

washwater buffer structure will be required.   A 20,000 gallon below-grade concrete sump has been 

assumed. 

3.8 Hydraulics 

3.8.1 Raw Water Supply to Clarifier 

The minimum hydraulic grade line at the Paso Robles Nacimiento Pipeline turnout at build-out of the 

Nacimiento project is 767 feet above sea level.  The finished grade at the site will be at approximately 

721feet above sea level.  The resulting minimum available head at the turnout is therefore predicted to be 46’ 

or 19.9 psig.  This should be enough head to supply the coagulant rapid mixer and either a DAF or high-rate 

clarification unit.  A solenoid operated flow control valve or motor operated butterfly valve with feedback from 

a raw water flowmeter is envisioned to control the flow of water entering the clarification unit. 

 

3.8.2 Membrane Feedwater Supply 

The packaged membrane filtration units described in this study typically utilize an approximately 1,100 

gallon, 8 foot tall, atmospheric, feed water tank located next to the membrane skid to buffer the supply of 

feed water feeding the membranes.  An outlet near the bottom of the feed water tank connects to a feed 

water pump located on the membrane skid, which boosts the available pressure enough to overcome the 

head loss through the prestrainer and membranes.  The head available to fill the feed water tank is limited to 

the elevation difference between the clarification unit overflow weir and the high water level in the feed water 

tank.  By locating the base of the clarification unit at a higher grade than the floor of the 

Operations/Membrane building, it should be possible to fill the membrane feed water tank by gravity.  The 

VFD-driven membrane feed pump flow rate would be controlled to maintain a constant water level in the feed 

water tank. 

3.8.3 Clearwell Configuration 

The residual pressure downstream of the membranes typically ranges from 2 to 5 psig.  This pressure is not 

sufficient to overcome the headloss through the GAC process and to fill an above-ground tank.  Preliminary 

discussions with Pall Corporation indicate that increasing the membrane skid feed water pump head is not a 

viable alternative.  Two options for overcoming the hydraulic limitations of the membranes are to: 1) 
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construct the clearwell partially below grade, or 2) install booster pumps between the membranes and the 

clearwell.  A cast-in-place concrete, below-grade clearwell has been assumed. 

3.8.4 High Service Pumping Station 

Several viable high-service pumping station alternatives to pump water out of the clearwell into the East and 

West zones of the water distribution system exist.  

 Construct two independent high service pumping stations, each designed to serve one of the two 

pressure zones. 

 Construct a single high service pumping station with control valves to divert flow between the two 

pressure zones. 

 Construct a single high service pumping station designed to supply water to only the East pressure 

zone.  The West zone would be supplemented with surface water only through the 13
th
 street 

booster pumping station. 

The lowest cost alternative would be to supply treated surface water to the East pressure zone only.  

However; this would limit the City’s operational flexibility and may create consumer perception issues since 

the water quality will differ significantly between the two pressure zones.  Serving both pressure zones would 

increase the capital cost by an estimated $100,000, but would not significantly affect O&M costs. 

This study assumes that only the East pressure zone will receive treated surface water and that only a single 

high service pumping station will be constructed.   The high-service pumping station will be equipped with 

VFD-driven pump(s) and a flow meter controlled to maintain a constant water level in the clearwell.  The 

City’s SCADA system could be modified to tie operation of the high-service pumping stations to operation of 

the respective Thunderbird wells in order to obtain an acceptable blend of treated surface water and ground 

water. 

3.9 Controls 

A simple control room located inside of the Operations and Control Building has been assumed.  The City 

will also have the option of monitoring and controlling the WTP remotely through a SCADA interface. 

The WTP will include sufficient instrumentation and controls to satisfy California Department of Public Health 

requirements for unattended operation.  It is anticipated that the City’s operations staff will routinely interface 

with the following control functions: 

 Adjust the WTP production setpoint between 1 MGD and 2 MGD.  The flow through the treatment 

plant will be controlled primarily through the NWP turnout flow control valve and flow meter.  The 

membrane skids will operate with a preset flow rate to match the turnout setting and the membrane 

skid feed pumps will trim their speed to maintain a constant preset water level in the feedwater tank.  

The flow from the high service pumping station will match the turnout setting and the pump speed 

will be trimmed to maintain a constant water level in the clearwell.  The operating level in the 

clearwell will be established to meet disinfection CT requirements. 

 Interlock operation of the high service pumping station to the Thunderbird Wells such that the high 

service pumping station will operate in conjunction with preselected wells. 

 Adjust chlorine residual setpoint. 
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 Adjust coagulant dosage 

The flow diverted to the GAC treatment process will be adjusted manually using manually operated butterfly 

valves and a flowmeter. 
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Section 4 
Preliminary Equipment Sizing 

The following sections describe preliminary process equipment sizing. 

4.1 Pretreatment Equipment Sizing  

In order to reduce costs, a single packaged 2-MGD clarification unit has been assumed.  The cost opinions 

contained in this study are based on use of a single Degremont AquaPak  Model AP-144 steel, packaged, 

high-rate DAF unit.  The AP-144 is 38.5 feet long, 12 feet wide, and approximately 12 feet high. 

4.2 Membrane Filtration System Sizing 

Two 1-MGD membrane treatment trains have been assumed.  In addition to the membrane skids, the 

membrane filtration system will be supplied with separate skids for the compressed air system, the chemical 

CIP system, and the neutralization system.  Conceptual drawings provided by Pall Corporation for the AP-6 

system show that a floor area of approximately 40’ x 42’ will be required to accommodate everything but the 

neutralization system.  It is anticipated that the neutralization system will be installed outdoors in or near the 

chemical enclosure. 

4.3 GAC Process Sizing 

For the 2-MGD capacity being considered, the use of 12’ diameter GAC contactors containing 20,000 lb of 

carbon each is appropriate.  The vessels must be operated with at least two in parallel to handle the 

hydraulic loading.  A total of four vessels configured in two trains of two vessels in series has been assumed.  

The resulting four vessels will provide an empty bed contact time of approximately 14 minutes while treating 

the full WTP flow. 

4.4 Disinfection Process Sizing 

Based on an evaluation of historical Lake Nacimiento water quality data provided by the County of San Luis 

Obispo, it is recommended that pH and temperature values of 8.5 and 10° C respectively be assumed for the 

purpose of establishing the minimum regulatory disinfection CT requirement.  Using these values and 

assuming a chlorine residual of 1.5 leaving the finished water clearwell, a required CT of 34.8 is derived.  A 

nominal chlorine contact time of 24 minutes is required to satisfy this CT requirement; however, the clearwell 

must be de-rated to account for non-optimal plug flow conditions through the tank.  It is anticipated that a 

baffling factor of at least 0.2 can be achieved with simple separate inlet and outlet connections.  A baffling 

factor of 0.2 increases the total required contact time to 120 minutes. 

120 minutes x 1,400 gallons/minute = 168,000 gallon minimum clearwell size 

If baffles are added to the clearwell, a baffling factor of at least 0.4 should be achievable.  A baffling factor of 

0.4 would result in a required clearwell size of approximately 84,000 gallons.  An 84,000 gallon partially 

recessed, baffled, concrete clearwell has been assumed.  It is recommended that other options be 

considered during final design: 
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 Increasing the chlorine concentration and relying on blending with Thunderbird well water with little 

or no chlorine to reduce the residual in the distribution system. 

 Construction of a welded steel tank adequately sized for buildout conditions.  Due to potential space 

limitations and costs associated with constructing a temporary tank, the City may prefer to build a 

permanent storage facility. 

4.5 High-Service Pumping Station Sizing 

The maximum capacity of the high service pumping station is 2 MGD at a pressure of approximately 130 psi.  

It has been assumed that the pumping station will consist of vertical turbine pumps suspended in the 

clearwell.  
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Section 5  
Preliminary Site Layout 

5.1 Equipment Space Requirements 

The major Phase 1 WTP structures to be located on the site are as follows: 

 Nacimiento Water Project Turnout Structure (existing) 

 Operations and Membrane Building.  The building will house the membrane skids, CIP system, 

compressed air system, and a small office space.  It is anticipated that the building will need to be 

approximately 2,500 square feet in area to accommodate all of the equipment. 

 Clarifier 

 Chemical Storage and Feed Enclosure 

 Clearwell 

 High-Service Pumping Station (assumed to be installed on top of the clearwell) 

 Stormwater and Tank Overflow Pond 

 Electrical Switchgear 

5.2 Preliminary Site Plan 

Figure 5-1 illustrates one possible site plan.  The primary treatment equipment is shown located near the 

southwestern corner of the existing Thunderbird well complex.  It is anticipated that this location will be far 

enough removed from the location proposed for the permanent treatment plant that it will allow construction 

of the Phase 2 WTP to proceed while the Phase 1 WTP is in operation.  By locating the DAF unit to the west 

of the membrane building, the approximately 5-foot natural grade difference can be used to supplement the 

head available at the membrane feedwater tank inlet. 
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Section 6 
Opinion of Probable Cost 

6.1 Opinion of Initial Project Cost 

The opinion of probable cost to design and construct the 2-MGD, Phase 1 WTP as described in this report is 

$10.6 million.  A more detailed breakdown of the items included in the cost opinion is presented in Table 6-1.  

This project cost opinion is based on the design assumptions described in the previous sections of this study.  

It may be possible during the detailed design phase of the project to reduce the project cost and/or modify 

the WTP features included in the project to better benefit the City.  A more detailed predesign study will need 

to be conducted to identify and evaluate potential cost savings alternatives and process improvements, and 

is included in our currently proposed Scope of Work for the design phase of the project. 

6.2 Opinion of Operations and Maintenance Costs 

A preliminary opinion of probable operations and maintenance costs is presented in Table 6-2.  Several 

assumptions must be made in order to estimate operation and maintenance costs for the proposed WTP.  

Assumptions specific to each recurring cost type are described in the following sections.  Below are more 

general assumptions applied to the overall O&M cost analysis: 

1. The present worth cost is based on a 30-year service life and a real discount rate (with inflation 

premium removed) of 1.3% 

2. The Phase 1 WTP will be operated at full capacity (2 MGD) for 24 hours per day, 6 months out of the 

year. 

3. The WTP will be staffed for one 8-hour shift and operated unattended for the remaining 16 hours.  

Unattended operation is not recommended until the WTP has been in operation for several months 

and its reliability is established. 

6.2.1 Raw Water 

The City must pay for the water supplied by the Nacimiento Water Project.  Evaluation of the terms of the 

City’s water supply agreement is beyond the scope of this study.  Therefore, debt service or the cost of raw 

water has not been included in the O&M cost opinion. 

6.2.2 Labor 

It is assumed that two full-time operators will be assigned to operate and maintain the WTP: one Chief 

Operator with a fully-burdened cost of $141,000/year and one Staff Operator with a fully-burdened cost of 

$72,000/year.  It has been assumed that these staff will be utilized at other facilities during the 6 month 

period when the WTP is not in operation and that the downtime labor costs are not applied to the WTP 

operational budget.  This results in a total annual labor cost of $106,500 for the WTP. 
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6.2.3 Electricity 

The average cost for electricity has been assumed to be $0.12/kWh.  The energy usage rate is based on the 

following: 

 Calculation of pumping energy for the high service pumps is based on a flow rate of 1,400 gpm 

(2 MGD) against a pressure of 100 psi, and assumes a 75% pumping efficiency.  This is 

approximately equivalent to 100 total pumping horsepower and results in a daily energy usage of 

1,947 kWh/day. 

 Energy usage for the membrane system has been assumed to be 555 kWh/day based on values 

provided by Siemens Memcor. 

 Energy usage for the clarification system has been assumed to be 220 kWh/day based on values 

provided by Infilco Degremont for the AquaPak high rate DAF system. 

 A 20% factor was applied to the above energy usage rates to account for site lighting and 

miscellaneous electrical loads. 

The resulting annual energy usage cost is (1,947 + 555 + 220) x 1.2 x 0.12 x 365/2 days = $71,534 

6.2.4 Chemicals 

The assumed chemical usage rates are listed below.  These rates are based on estimates made in the 

Water Treatment Plant Project Preliminary Design Report prepared by Black and Veatch and dated 

November 2007 and on membrane CIP chemical usage rates estimated by Siemens Memcor.  There is a 

high level of uncertainty in these costs. 

 

Chemical 
Estimated Annual Usage  

(6 month operation) Cost 
Estimated Annual 

Cost 

Potassium Permanganate (dry) 4,575 lbs  TBD 

PACL (50%) 20,805 gallons  TBD 

Sodium Hypochlorite (12.5%) 22,447 gallons $2.75/gal $61,729 

Citric Acid (50%) 200 gallons  $2,200 

Sulfuric Acid (50%) 170 gallons  $1,445 

Sodium Hydroxide (50%) 260 gallons  $2,500 

Sodium Bisulfite (50%) 90 gallons  TBD 

Total TBD 

6.2.5 Laboratory Analyses 

Operation of a surface water treatment plant requires significantly more routine water quality testing than a 

groundwater well.  The following additional monitoring requirements are anticipated: 

 Monthly raw and treated water TOC ($50/sample x 24 = $1,200) 

 Monthly alkalinity ($15/sample x 12 = $180) 

 Quarterly THM and HAA4 ($225/sample x 4 sites = $3,600) 

 Monthly effluent aluminum ($15/sample x 12 = $180) 
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 Raw water weekly total and E. coli ($30/sample x 52 = $1,560) 

 Additional lead and copper twice per year ($30/sample x 10 = $300) 

The total additional analytical cost is estimated to be $7,020.  This estimate was increased to $10,000/year in 

the O&M cost opinion to account for sample preparation and shipping costs. 

6.2.6 Carbon Replacement 

It has been assumed that the GAC will need to be changed out every 6 months, which corresponds to the 

assumed operating season.  It has also been assumed that virgin coconut shell carbon will be loaded each 

year.  The 6-month carbon life is consistent with a study conducted on a membrane surface water treatment 

plant at Tejon Ranch treating State Project water from the California Aqueduct.  The Tejon Ranch study was 

conducted to evaluate the use of GAC downstream of Pall MF membranes to control DBPs.  It should be 

noted that this is a very rough estimate.  The carbon usage rate can be expected to vary based on a number 

of factors, most importantly on the water to be treated.  AECOM is unaware of any carbon adsorption testing 

having been performed on Lake Nacimiento Water.  The cost for this expense item may be dramatically 

different from the value predicted.  We have made every attempt to provide a conservative estimate, 

anticipating that the carbon usage estimates will be further fine-tuned during the design phase.  The cost of 

replacement carbon has been assumed to be $1.50/lb. 

The annual carbon replacement cost is estimated as:  80,000 lb/year x $1.50/lb = $120,000 

6.2.7 Residuals Disposal 

It has been assumed that there is no cost for disposal of the WTP residuals in the City’s sewer. 

6.2.8 Repairs and Routine Maintenance 

An annual repair and maintenance budget of 2.5% of the project construction cost has been assumed. 

6.2.9 Administrative Costs 

Operation of the WTP can be expected to result in additional administrative effort for managing, reporting, 

etc.  These costs can best be estimated by City staff and have not been included in this analysis. 



Engineer's

Estimate

($)

1 Mobilization, Demobilization, Insurance, and Permit 300,000       

2 Storm Water Pollution Control 20,000         

3 Painting and Coating 100,000       

4 2 MGD Clarification System (1 Train) 545,000       

5 Installation of 2 MGD Clarification System 150,000       

6 2 MGD Membrane Filtration System (Total for 2 Trains) 1,000,000    

7 CIP Neutralization System 35,000         

8 Installation of 2 MGD Membrane Filtration System 200,000       

9 GAC Vessels (4 Vessels) 500,000       

10 Installation of GAC Vessels 150,000       

11 Recessed Concrete Clearwell 250,000       

12 Operations and Control Building 400,000       

13 High Service Pumping Station (2 Stations) 250,000       

14 Chemical Enclosure 250,000       

15 Chemical Storage Tanks and Feed Systems 600,000       

16 Washwater Buffer Tank 75,000         

17 Site Yard Piping 750,000       

18 Site Electrical 1,000,000    

19 Field Instrumentation, Controls, and Integration 750,000       

20 Site Grading, Paving and Surfacing 300,000       

21 Storm Water Collection System 75,000         

22 Fencing 50,000         

23 CPM Construction Schedule 20,000         

24 Startup and Testing 40,000         

25 Operation and Maintenance Manuals 20,000         

26 Record Drawings 10,000         

7,840,000    

Contingency @ 20% 1,568,000    

750,000       

500,000       

10,658,000  Total Initial Project Cost

Engineering

Construction Management

Table 6-1

City of Paso Robles 2 MGD Water Treatment Plant

Initial Project Cost Opinion

Total Bid Amount

Bid 

Item 

No. Description



Annual Cost

($)

1 NWP Charges (Not Included in Estimate) -               

2 Labor 106,500       

3 Electricity 71,534         

4 Chemicals (Preliminary Value) 200,000       

5 Laboratory Analyses 10,000         

6 Carbon Replacement 120,000       

7 Residuals Disposal -               

8 Repairs and Routine Maintenance 200,000       

9 Administrative Costs (Not Included in Estimate) -               

708,034       

17,496,031  Present Worth of O&M Costs For 30 Year Service Life

Table 6-2

City of Paso Robles 2 MGD Water Treatment Plant

Operations and Maintenance Cost Opinion (6 Mo. Operation)

 Item 

No. Description

Total Annual Operating Costs























































































































STATE CONTROLLER COUNTY OF SAN LUIS OBISPO DISTRICT BUDGET FORM

COUNTY BUDGET ACT   STATE OF CALIFORNIA     SCHEDULE 16

   (1985)

SAN LUIS OBISPO COUNTY FLOOD CONTROL & WATER CONSERVATION DISTRICT

GENERAL FUND GOVERNING BOARD:

DISTRICT BUDGET DETAIL BOARD OF SUPERVISORS...X

OTHER APPOINTED........

BUDGET FOR FISCAL YEAR      2012-13 OTHER ELECTED..........

ASSESSED  VALUATION   AND  DEBT  SERVICE  TAX RATE  SUMMARY

FUND       ASSESSED VALUATION           DELINQUENCY       MEANS OF FINANCING VOTER APPROVED DEBT

SECURED UNSECURED  SECURED UNSECURED SECURED UNSECURED TOTAL TAX RATE

1300000000

SLO FLOOD CONTRL 

AND WATER CONSV.

CONTINUED

SUMMARY OF FINANCING REQUIREMENTS

ACTUAL. . .X ESTIMATES APPROVED/

ACTUAL ESTIMATED. . . REQUEST. . . ADOPTED

COST COST RECOM'D. . .X BY BOARD

2010-11 2011-12 2012-13 2012-13

(8) (9) (10) (11)

(5XXXXXX)

GENERAL 450R140101 84,859 103,478 28,900 28,900

COUNTYWIDE OVERHEAD 450R140120 33,014 5,012 19,300 19,300

SB 2557 450R140121 26,162 23,793 23,800 23,800

CONTRIBUTION TO ISF/NEW EQUIP 450R140106 0 10,305 20,000 20,000

PUBLIC COMMENT/INFORMATION 450R140103 4,105 3,609 19,800 19,800

MASTER WATER PLAN COORD. 450R140201 153,269 86,861 0 0

SWP-COASTAL BR. ANALYSIS/BUY-IN 450R140202 117,921 4,279 22,100 22,100

WATER CONSERVATION MANGMNT 450R140203 6,488 4,013 17,000 17,000

IRWM EFFORTS 450R1402XX 67,961 155,736 504,200 504,200

GROUNDWATER BASIN EFFORTS 450R1402XX 8,415 9,869 231,000 231,000

RECYCLED WATER STUDY 450R140218 0 0 218,000 218,000

SALT & NUTRIENT PLANNING EFFORT 450R140219 0 0 2,000 2,000

HYDROLOGIC DATA 450R140301-20 353,964 303,510 418,900 418,900

PRELIMINARY ANALYSIS/USGS 450R140401 36,723 33,427 38,800 38,800

RESOURCE MGMT SYSTEM 450R140407 5,128 2,909 14,400 14,400

WRAC - COORDINATION 450R140408 50,882 47,928 41,000 41,000

PASO ROBLES GROUNDWATER BASIN 450R140503 637 259 0 0

PASO ROBLES BASIN GROUNDWTR 300398 33,285 1,332 0 0

PASO ROBLES GRDWTR BSN AGMT 450R140516 1,120 59,852 0 0

RCD MOBILE LAB EVALUATIONS 450R140566 21,714 31,245 33,800 33,800

PUBLIC INQUIRY (FLOOD CONTROL) 450R140105 1,697 502 6,200 6,200

COMMUNITY DRAINAGE/COORDINATIO 450R1405XX 64,956 44,337 146,400 146,400

TOTAL OPERATING COSTS 1,072,300 932,256 1,805,600 1,805,600

TOTAL BUDGET REQUIREMENTS - THIS PAGE 1,072,300 932,256 1,805,600 1,805,600

 SUMMARY OF FINANCING REQUIREMENTS 

FUND IDENTIFICATION

OTHER THAN GENERAL FUND

(7) (12)
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