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CalAm
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CEB
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DBP
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GC
gfd
gpm
HAAS
HMI
MCL
MF
mgd
Mg/L
MLPP
MW
no/L
um
uS/cm
NaOCl
NPDES
NTU
ORP
PDT
PES
PLC
psi
PVDF

Acciona Agua

Backwash

California American Water

California Code of Regulations
Chemically-Enhanced Backwash
Coagulation and Flocculation
Clean-In-Place

California Public Utilities Commission
Coastal Water Project

Disinfection Byproducts

California Department of Public Health
Environmental Impact Report

United States Environmental Protection Agency
General Contractor

gallons per square foot per day

gallons per minute

Halo-Acetic Acids (five compounds)
Human Machine Interface

Maximum Contaminant Level
Microfiltration

Million gallons per day

Milligrams per liter

Moss Landing Power Plant
Maintenance Wash

Micrograms per liter

Micron

MicroSiemens per square centimeter
Sodium Hypochlorite

National Pollutant Discharge Elimination System
Nephelometric Turbidity Units
Oxidation Reduction Potential
Pressure Decay Test

Polyethersulfone

Programmable Logic Controller
pounds per square inch

Polyvinylidene Fluoride
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SDI
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TDS
™
TMP
TOC
TSS
TTHM
UF
WDR

Quiality Assurance/Quality Control
Reverse Osmosis

Regional Water Quality Control Board
Stiff and Davis Index

Silt Density Index

System Supplier

Temperature Correction Factor
Total Dissolved Solids

Technical Memorandum
Trans-Membrane Pressure

Total Organic Carbon

Total Suspended Solids

Total Trihalomethanes
Ultrafiltration

Waste Discharge Requirements
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1.0 EXECUTIVE SUMMARY

The Coastal Water Project (CWP) is a new water supply project proposed by California
American Water (CalAm) for the Monterey Peninsula. The proposed water supply is needed to
replace existing supplies that are constrained by recent legal decisions affecting the Carmel River
and Seaside Groundwater Basin water resources: SWRCB Order No. WR 95-10 and the
Monterey County Superior Court adjudication of water rights in the Seaside Groundwater Basin.
Both rulings reduce CalAm’s use of its two primary sources of supply for the Monterey District
and provide the most immediate impetus for the CWP.

In 2008 and 2009, CalAm operated a pilot plant at the Moss Landing Power Plant (MLPP) to
determine the feasibility of creating up to 10 million gallons per day (MGD) of potable water
from seawater drawn from Moss Landing Harbor. The Moss Landing site is one of three
seawater desalination sites currently being considered to satisfy the objectives of the CWP. The
other two sites would use subsurface intakes (i.e., beach wells or slant wells) in the Marina area
rather than an open ocean intake, which is in place as a cooling water supply at the MLPP.

As part of the planning process, a pilot study was undertaken to obtain the necessary information
to support the permitting, design, commissioning, and operation of the Moss Landing Project.
The pilot plant was located on the grounds of the MLPP and was fed with water from the power
plant cooling loop. The pilot plant allowed for testing of various technologies that could be used
in a full-scale plant to treat water from the MLPP cooling water system.

1.1 Pilot Study Obijectives

The Coastal Water Project Pilot Plant Study Plan (MWH, 2008), which governed pilot plant
operations, included the following testing objectives:

e Obtain a broad characterization of the raw water to determine the impacts on full-scale
design and operation
e Establish most effective, most cost-efficient operating conditions of the conditions
studied for the pilot system to aid the development of the full-scale design criteria to
include:
- Evaluation of the fouling potential of the water on ultrafiltration (UF) and reverse
osmosis (RO) processes
- Minimization of pretreatment chemicals required for normal operations to reduce
environmental impact (National Pollution Discharge Elimination System
(NPDES) permits) and operational costs; evaluation of chemical usage under
stress conditions such as when coagulant is required.
- Evaluation of most effective boron, chloride and sodium removal
- Evaluation of seasonal effects on flux and recovery
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- Evaluation over a range of flux and recoveries with and without coagulation
- Evaluation of advantages and disadvantages of equalization basin use
e Demonstrate that product water quality meets all California primary and secondary
drinking water standards, Title 22 requirements for water reuse, as well as any other
regulations required by the DPH
e Test multiple UF and, if time allows, RO manufacturers to compare performance
e Obtain all necessary information to characterize waste products (concentrate, residual
solids) from pilot operation, in order to obtain the required discharge and operating
permits for the full-scale plant
e Obtain information required to support the Coastal Water Project Environmental Impact
Report (EIR) being prepared by the California Public Utilities Commission (CPUC).

An additional pilot plant objective was added during the fourth Quarterly Meeting, held on

September 10, 2009. It was stated that antiscalant should also be minimized to simplify the
discharge permitting process.

1.2 Pilot Description and Activities

The schedule for design, construction, installation, and operation of the pilot plant is shown in
Figure 1-1.

2003 2006 2007 2008 2009
4 ||| efoa|os | oa|[os]| Q] Q]o3] o4

Description

Design, Construction of

UF/RO Skids e

(Nov 2005 - March 2006)

Construction and

Installation at MLPP I

(May 2007 - Nov 2007)

Shakedown/Startup
(Feb 2008 - June 2008) -

Stable Operation
(June 2008 - Dec 2009) m

Figure 1-1: Pilot Plant Schedule

The process flow diagram in Figure 1-2 provides an overview of the treatment processes.
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Figure 1-2: Pilot Plant Schematic

Raw water for the pilot plant was supplied by the MLPP cooling loop via intake pumps. Raw
water was sent to equalization basins, or could bypass the basins directly to the self cleaning
filter. From the self cleaning filter, water could be sent to the coagulation and flocculation basin
or directly to the UF systems. Two UF systems were operated in parallel during the pilot study
and could be adapted to house various membrane suppliers’ modules. In all, three UF systems
were tested: Siemens, Norit, and Toray.

Filtrate from the UF systems was sent to the RO Feed Tank or to the return sump for disposal.
The RO could be fed with filtrate from one or both pretreatment systems. The RO Feed Tank
provided flow balancing for regular UF cleaning procedures and, when needed, allowed for
blending of the two filtrate waters.

The RO system consisted of two passes. The first pass could be configured as a single stage or a
two-stage array. The second pass was constructed as a two-stage array. The intent was to test
the two passes to determine a blending ratio for first and second pass permeate for the full scale
facility to meet water quality goals.

All pilot plant flows (product streams and waste streams) were blended in the waste sump and
returned to the MLPP cleaning loop, and discharged under an NPDES Low Threat Waste
Discharge Order.

Field operations, laboratory work, and special studies were conducted while the pilot was
operational from June 2008 through December 2009. Seven separate Trials on each system were
conducted, and they are summarized below in Table 1-1.
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Table 1-1: Trials Summary Table

Trial| Dates | EQ | Disinfection | Coagulation | UF1 UF2 RO RO
Basin Pass 1 Pass 2
1 | 6/27- | OFF | Continuous, 3|5 mg/L ferric, | Siemens| Norit | 7 elements, 50% recovery, OFF
10/8/08 mg/L NaOCI |coag/floc basin Siemens feed, 1 mg/L AS
2 | 11/4- | OFF | Continuous, 3 None Siemens| Norit | 7 elements, 50% recovery, OFF
12/19/08 mg/L NaOClI Siemens feed, 1 mg/L AS
3 | 1/7219- | OFF | Continuous, 3| 5 mg/L ferric | Siemens| Norit | 7 elements, 50% recovery, | TMG, pH 7, 87%
4/7/09 mg/L NaOCI | direct to Norit Norit feed, 1 mg/L AS recovery
4 | 5/20- | ON | Continuous, 4 None Siemens| Norit | 7 elements, 50% recovery, | TMG, pH 7, 87%
6/29/09 mg/L NaOCl blended feed, 1 mg/L AS recovery
5 | 7/24- | ON | Continuous, 2 None Siemens| Toray | 7 elements, 50% recovery,|CSM, pH 7, 87%
10/1/09 mg/L NaOClI Toray feed, 1 mg/L AS recovery
6 | 10/6- | ON |Shock, 5 mg/L None Siemens| Toray | 8 elements, 50% recovery,| CSM, pH 10,
11/14/09 NaOCI 2 hrs/d Toray feed, no AS 87% recov, 2
mg/L AS
7 | 11/16 - | ON |Shock, 5 mg/L None Siemens| Toray | 8 elements, 45% recovery,| TM7, pH 10-
12/18/09 NaOCI 2 hrs/d Toray feed, no AS 10.3, 87% recov,
2 mg/L AS

NaOCI = sodium hypochlorite

In order to properly evaluate the performance of the treatment processes used during this pilot
study a large amount of data was collected, including the following:

e Online instruments continuously archived water quality data and operational parameters.

On a weekly basis, these were populated into spreadsheet databases, in which they were
automatically normalized and plotted. Automatic calculations allowed for weekly
evaluation of operational parameters such as specific flux and net pressure to monitor the
performance of each system.

Onsite laboratory analyses were performed by operations staff to verify online
instruments and to collect data that was not available from the online instruments.
Comprehensive offsite laboratory analyses were collected on a weekly or monthly basis
to evaluate the treatment processes.

Jar tests were used to evaluate various coagulant scenarios.

1.3 Key Pilot Study Findings and Full Scale Recommendations

The pilot has led to a greater understanding of water quality and treatment issues for this
potential water source.

1.3.1 Feed Water Quality Characterization

Pilot plant feed water came from Monterey Bay via the cooling loop of the MLPP, with some

freshwater influence from Old Salinas River during rainy periods.

MLPP’s cooling loop has

intake screens and circulation pumps, and the temperature can be raised by up to 15°C after
passing through the condenser units. The pilot plant diverted water from MLPP’s cooling loop
downstream of the cooling process.

Prepared by MWH

1-4

May 2010



California American Water Coastal Water Project Pilot Testing Report

A summary of general water quality is presented in Table 1-2.

Table 1-2: Feed Water Quality Table (Summary)

# of
Samples/
# of Non-
Constitue nt Unit Median Max Detects
Nutrients and TOC
Total Nitrogen as N mg/L 1.7 4.1 29/1
Total Phosphorous as P mg/L 0.082 0.18 37/12
Total Organic Carbon mg/L 1.7 5.9 59/34
Inorganics
Aluminum mg/L 0.6 15 38/30
Boron mg/L 4.8 6 30/0
Chloride mg/L 20,000 26,000 39/0
Silicon mg/L 0.68 1.65 49/0
Sodium mg/L 9,890 14,200 37/0
General
Total Alkalinity as CaCO3 mg/L 120 130 39/0
Total Hardness as CaCOs3 mg/L 5,900 6,900 30/0
Turbidity * NTU 847 12.58 cont.

*Since turbidity was measured continuously, the average and 95th percentile
are listed in the columns for median and max, respectively.

In general, the water represented typical seawater with several influences from the freshwater
influences and the power plant operations.

Salinity in the pilot plant feedwater exhibited diurnal and seasonal patterns, under the influence
of tides and some freshwater during rain events. Conductivity fluctuated with the tides by up to
2000 S/cm in the dry season, and up to 5000 S/cm in a heavy rainstorm. Throughout the
project, conductivity spanned the range of 43,000 to 50,000 S/cm.

Turbidity in the pilot plant feedwater was typically below 15 Nephelometric turbidity units
(NTU), with significant spikes during rainstorms up to 80 NTU likely related to the surface water
influence.

Temperature in the pilot plant feedwater ranged from 2°C to 32°C and was heavily influenced by
MLPP operations. The diurnal changes in temperature could span 15°C when several condenser
units were on during the day and turned off at night. The diurnal fluctuations could be 5°C or
less when MLPP was running at a reduced power generation capacity (low water temperatures)
or when MLPP was running condensers through the night (high water temperatures).

Algae in the pilot plant feedwater was generally less than 10 pg/L (<200 cells/mL), but several
spikes were observed during the pilot testing period. The most significant algae spike occurred
in the fall of 2009, when algae concentrations were greater than 40 pg/L for a short period.

Prepared by MWH 1-5 May 2010



California American Water Coastal Water Project Pilot Testing Report

1.3.2 Intake Systems

The intake screens and influent pump station of the power plant were not evaluated during the
testing, and thus are not discussed herein.

1.3.2.1 Equalization Basins

The pilot operations demonstrated that equalization basins do not provide a benefit in equalizing
temperature or salinity, as discussed in Section 4.2.1. The temperature changes made the
average temperature cooler, reducing the benefit of using cooling loop water, and reducing the
salinity peaks was minimal. However, the equalization basins were helpful in protecting the
pilot plant against dissolved/entrained air and brief shutdowns of the power plant cooling loop.

In a full-scale facility at MLPP, some means of mitigating dissolved/entrained air and brief
power plant shutdowns would be needed. Air may not be an issue during the full-scale design
due to the proposed siphon system to divert water from the cooling loop, but if it is deemed an
issue, this could be accomplished with a small buffering tank. Further sampling of the power
plant cooling water at underground locations may also help to determine whether an
underground tap would prevent dissolved/entrained air. Overall, an equalization tank is not
necessary based on testing.

1.3.2.2 Biofouling

During the pilot study, the effects of continuous and shock chlorination were documented and it
was concluded that either method will limit biofouling in the initial and pretreatment processes.
However, the shock chlorination procedures resulted in significant fluctuations in oxidation
reduction potential (ORP), additional chemical requirements for the Toray chlorinated backwash,
and suspected influence on the cartridge filter differential pressure likely caused by biological
buildup.

Based on the effects of shock chlorination, it is likely that continuous chlorination would enable
smoother operations at the full scale. Therefore, it is recommended that continuous chlorine be
used for biofouling control at the full-scale because the biofouling potential is high in this warm
water environment. However, because periodic shock chlorination may be required, the full-scale
plant should be design to accommodate the elevated concentrations used in shock chlorination.

A typical sodium hypochlorite dose is expected to be 3-4 mg/L range, but the system should be
designed with sufficient capacity to allow for adjusting the applied dose during full-scale
operations, and to also allow for periodic shock chlorination at higher doses if needed.

1.3.3 Pretreatment

This section provides an overview of the full-scale implications, as determined from the pilot
plant results, for pretreatment processes.

1.3.3.1 Self Cleaning Filters
The use of self cleaning filters in the 70-100 m size range are required to protect the UF
membranes. However, based on the frequent rate of backflush experienced on the pilot plant,
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careful sizing of the units selected should be considered so that the design flows are near the
mid-range of the manufacturer design capacity. Based on the result of the backflushing, the
recovery was as low as 95.7%, although a design recovery of 98% is recommended for the full-
scale system for a properly sized system.

1.3.3.2 Coagulation/Flocculation

During the pilot test it was concluded that two of the three UF manufacturers evaluated were able
to successfully operate without the need for the coagulation/flocculation (C/F) system or any
type of coagulant. Based on the goals of minimizing pretreatment chemical applications to limit
environmental impacts, it was concluded that dosing with coagulant during normal operations is
not necessary for the full-scale design.

Although not needed for normal operation, a coagulant dosing system will need to be supplied in
a full-scale facility because the pilot plant did not experience a true red tide event, and the need
for a coagulant during a red tide is not currently known. This system should have the capability
to direct inject dose 5 mg/L ferric chloride, with potential adjustments during full-scale
operations if needed.

1.3.3.3 UF Membranes

Siemens: Two different sets of Siemens membranes were tested (herein referred to as A and B).
The longest clean-in-place (CIP) interval achieved by the Siemens Membrane A occurred in the
trials where no ferric chloride was used. However, even during those trials, a flux of 30 gallons
per square foot per day (gfd) appeared to be too high for that system to maintain a stable trans-
membrane pressure (TMP) with or without ferric chloride. It is not apparent that the Siemens
Membrane A could operate successfully at this site based on the conditions under which the pilot
was operated. However, the Siemens Membrane B was able to achieve the target CIP intervals
and ran smoothly at fluxes of 25, 28, and 31 gfd. In the final week of testing, the membranes
operated at 35 gfd, but further testing would be needed to determine the long-term sustainability
of that flux rate. Siemens Membrane B was not tested with ferric chloride. In addition to the
stable performance under normal operating conditions during an algae bloom event, the Siemens
Membrane B experienced more stable operations than the second pretreatment system that was
running at the time. It is assumed that the Siemens Membrane B could operate successfully at
this site with a flux of 30 gfd. This conclusion is complicated by the fact that the previous set of
identical membranes (so stated by Siemens) had so many operational problems.

Norit: The Norit UF membrane achieved its longest CIP intervals at the high flux of 40 gfd when
ferric chloride was dosed into the C/F unit. When ferric chloride addition was stopped or added
directly inline without the C/F basins, the membranes were generally unable to achieve their
target CIP interval at any flux tested. Ferric chloride with C/F unit is not desired for the full-scale
project due to capital and operational costs, as outlined in earlier subsections. It is not apparent
that the Norit UF membrane could operate successfully at this site without ferric chloride and
coagulation/flocculation basins.

Toray: The Toray UF membrane was able to achieve the target CIP interval and stable operation
at fluxes of 28 and 31 gfd without the use of ferric chloride. The outcome of operating at 40 gfd
in the last week of pilot testing was uncertain, and further testing would be needed to determine
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the long-term sustainability of that flux rate. During an algae bloom event, the Toray UF
membrane experienced some interruptions during operations, and it was unclear whether
permeability would have recovered on its own if a CIP had not been performed. It is assumed
for scale-up purposes that the Toray UF membrane could operate successfully at this site with a
flux of 30 gfd.

The effect of various types of UF filtrate on RO Pass 1 performance was examined. Based on
data presented in Section 4.4, there did not appear to be any effect on the operations of the
membranes based on coagulant addition or membrane manufacturer. Overall, the UF
membranes with or without coagulant are a reliable feed to the RO Pass 1 membranes.

Of the four membranes tested, the Siemens Membrane B and the Toray UF both appeared to
have the most stable performance at this site (without the use of ferric chloride). Both
demonstrated stable operation at a flux of 30 gfd. Siemens membranes were used as the basis of
the design criteria for the full-scale plant, but the Toray system is expected to be comparable at
full scale due to having the same stable operating flux. Either pressure or submerged membranes
are acceptable for design of the full-scale facility.

Finally, all of the systems operated with the use of either chemically enhanced backwashes or
maintenance cleans to ensure their ability to meet the design criteria of a 30-day CIP interval.
The full-scale system should accommodate the use of the CEB or MW process using both acid
and sodium hypochlorite as needed; and these same chemicals for use at higher concentrations
for the CIP.

1.3.4 Desalination

This section provides an overview of the full-scale implications, as determined from the pilot
plant results, for the desalination processes.

1.3.41 ROPassl

Membrane Model
Throughout the pilot study Toray 820C-400 full-scale elements were evaluated. These same
elements are also used in the full-scale design criteria.

Flux

Throughout the pilot study, Pass 1 membranes were evaluated at a flux of 9 gfd. The plan for
Trial 7 was to increase the flux to 10 gfd. However, when antiscalant use was discontinued in
Trial 6, it became apparent that using the last Trial to test lower recovery was more important
than increasing the flux given the new goal of antiscalant minimization. Therefore, a flux of 9
gfd is used in the full-scale design criteria.

Recovery
As mentioned above, the performance of the Pass 1 membranes in Trial 6 led to changes in the

Trial 7 operational parameters. Instead of testing a higher flux, a lower recovery option was
evaluated. Based upon the differential pressure, operation was more stable at 45% recovery than
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at 50% recovery, indicating that lower recovery was beneficial. However, 45% recovery still led
to an increasing trend in differential pressure. Therefore, even though lower recoveries (less than
45%) were not tested in the pilot study, the full-scale design criteria includes 40% recovery if
antiscalant is not utilized.

It is strongly recommended that the full-scale facility be permitted with the intent to use
antiscalant in the first pass. Although this may add challenges to the permitting process, the use
of antiscalant would allow recovery to be increased to 45 or 50%, significantly decreasing the
capital cost and pumping energy requirements of the facility. The brine streams were analyzed
for antiscalant-related compounds and discussions were conducted with the Regional Water
Quality Control Board (RWQCB) under a separate contract. If the RWQCB is receptive, the
permitting process should assume antiscalant will be used in the first pass.

Number of Elements

The use of both 7 and 8 elements in the first pass vessel was tested. However, at the same time
the 8" element was added, the goal of minimizing antiscalant was added to the project, and the
Pass 1 antiscalant feed was stopped. Therefore, a direct comparison could not be made.
Modeling was used to predict the Stiff & Davis Index (S&DI) in the concentrate of the tail
element. The S&DI is used to identify the potential for calcium carbonate scale, the dominant
scalant in higher salinity waters such as concentrate (other scaling indices, such as LSI, are more
relevant for lower salinity waters). The S&DI should be slightly negative. Modeling ascertained
that the S&DI was 0.0, which is on the scaling threshold, suggesting the likelihood that scaling
did occur in the tail end of the element causing the differential pressure to increase and affecting
the specific flux. This is not unique to the number of elements and is related to the recovery and
lack of antiscalant.

In order to compare 7 vs. 8 elements, RO projection software was used to evaluate a 1 MGD
production skid. Although 8 elements per skid requires fewer vessels to produce 1 MGD of
permeate, these vessels are more expensive. Furthermore, if an 8" element is added without
antiscalant, that final element will be most likely to scale (lowest concentrate flowrate and
highest scaling index), and would therefore produce even less permeate. Therefore, 7 elements
per vessel are used in the full scale design criteria.

Chemical Addition

The first pass was tested at a feed pH of 7.0 and 7.7 in the last week of testing. The purpose of
raising the feed pH was to enhance boron removal in the first pass. When the pH was raised,
scaling began to occur almost immediately, as shown in Figure 4-35. As a result, it is
recommended that the pH be no higher than 7.0 without antiscalant. In order to minimize the use
of chemicals used in the full-scale plant, antiscalant is not included in the design criteria for the
first pass.

As noted above, even though the design criteria assume no antiscalant, it is strongly
recommended that the full-scale facility be permitted with the intent to use antiscalant in the first
pass. In addition to increasing the Pass 1 recovery to 50%, the use of antiscalant would also
allow for some Pass 1 pH adjustment for boron removal, potentially reducing the size of the
second pass (which is currently constrained by the boron water quality goal). Overall, anti-
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scalant is used at many installations around the world, even at low recoveries, and the Trials
demonstrated that the plant can run with very little increase in differential pressure and decrease
in specific flux, or long-term performance meeting or exceeding CIP interval goals.

Seasonal and MLPP Requirements

Throughout the pilot study, the effect of variations in conductivity and temperature on the Pass 1
feed pump were observed. As a result, the Pass 1 feed pump should be selected to maximize
efficiency while accommodate at least a 15°C diurnal span in operating temperature, and at least
a 120 pounds per square inch (psi) diurnal span in operating pressure. Modeling of the full scale
system indicated a 500 psi variation between minimum operating conditions (low salinity, high
temperature and new membranes) and the maximum operating conditions (high salinity, low
temperature and 5 year old membranes).

1.3.42 RO Pass?2

Membrane Model

Three different RO membrane elements were evaluated in Pass 2. The driving factor for
selecting a full-scale RO membrane element was to maximize boron rejection so that the
capacity of the second pass could be minimized. When the boron goal was achieved, all the
other water quality goals were also achieved. The only element that successfully removed boron
to the required degree was the Toray TM710 with the feed pH adjusted to 10.3. The 8”
membrane using the same formulation, Toray TM720-400, was selected for the full-scale design
criteria.

Elux
Throughout the pilot study, Pass 2 membranes operated successfully at a flux of 14.2 gfd. The
full-scale design includes a flux of 14.2 gfd.

Recovery
Throughout the pilot study, Pass 2 membranes operated successfully with a recovery of 87%.

However, this recovery and the use of only 6 elements/vessel were used due to the limitations of
the design of the pilot plant. Typical installations are designed at a recovery of 90%, and based
on all of the data obtained for this project, an increase to this value should be feasible. The full-
scale system should be designed at 90% recovery.

Number of Elements

Throughout the pilot study, Pass 2 membranes operated successfully with six elements per vessel
in a 2:1 array. The full-scale design includes seven elements per vessel in a 2:1 array, as stated
above.

Size of System
Boron was monitored throughout the pilot testing period, and it was determined to be the

constraining parameter that defines what percent of first pass permeate needs to go through a
second pass. Using the TM710 elements and a feed pH of 10.3, Pass 2 was able to remove 77%
of the boron in its feedwater.
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This removal rate of 77% was projected across the entire project data set for boron, as shown in
Table 1-3. The Pass 1 permeate was, on average 0.89 mg/L. If the 77% Pass 2 removal is
applied (assuming TM7 membranes at pH 10.3), then the Pass 2 permeate will be 0.21 mg/L.
Blended boron levels are calculated for a 40%, 60%, and 85% second pass blend.

Table 1-3. Projected Boron (mg/L) and Calculated Partial Second Pass

Calculated % Pass 2
P2 permeate required to
boron (mg/L) achieve 0.5

Measured P1
permeate
boron (mg/L)

(77% Removal) mg/L
AVG 0.89 0.21 61%
MIN 0.43 0.10 0%
MAX 1.30 0.30 82%

The goal for finished water boron is 0.5 mg/L. As shown, based upon the data from pilot testing,
reaching that goal requires a significant percentage of the Pass 1 permeate going through a
second pass. On average, at least 60% of the Pass 1 permeate must go through Pass 2 at a
recovery of 90%.

The second pass should be designed for 60% of the Pass 1 permeate for the full-scale facility.
This would meet the permeate goal for the average values observed in Pass 1 permeate during
the pilot test. If the Pass 1 recovery is 40% as proposed (significantly lower than the 50% that
was used for most of the pilot study), then permeate concentrations of boron would be higher.
However, if antiscalant is included for Pass 1 as recommended, then the Pass 1 recovery can
remain at 50% and the blended permeate with 60% Pass 2 will meet the boron goals. Decreasing
the size of the second pass can be examined further with the RO projection modeling of tighter
Pass 1 membranes, the use of a higher pH in Pass 1, and alternate Pass 2 membranes.

Chemical Addition

Boron rejection is increased at higher pH, necessitating a pH adjustment to 10.3 in the Pass 2
feed. However, higher feed pH values also increase scaling potential and therefore require the
use of antiscalants. In order to meet the boron goals, it is necessary to use antiscalant and pH
adjustment for the Pass 2 membranes. The use of anti-scalant in Pass 2 is necessary and must be
accommodated in the permitting of the full-scale facility.

Seasonal and MLPP Requirements

Throughout the pilot study, the effect of variations in conductivity and temperature on the Pass 2
feed pump were observed. As a result, the RO Pass 1 feed pump should be designed to
accommodate at least a 15°C span in operating temperature, and at least a 120 psi diurnal span in
operating pressure. Modeling of the full scale system indicated a 260 psi variation between
minimum operating conditions (low salinity, high temperature and new membranes) and the
maximum operating conditions (high salinity, low temperature and 5 year old membranes).

1.3.4.3 Solids
Most of the plant solids will be discharged under a RWQCB discharge permit, including the RO
concentrate, and neutralized chemical waste.
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Due to the dilute solids in the UF backwash, as discussed in Section 5.3.4.3, a solids thickener
and belt press or centrifuge would be needed for the solids to be suitable for a landfill. However,
since the plant will operate without the regular use of ferric chloride, it is recommended that the
discharge permit include backwash solids if possible. This would eliminate the need for
processing, transport, and tipping fees during normal operations. Solids processing facilities
may need to be provided for the plant in the case that coagulant is used for an algae bloom, and
this will depend upon the terms of the discharge permit.

1.3.5 Design Criteria

A detailed design criteria table was developed for a full-scale desalination facility at MLPP
based on the recommendations of the pilot testing. In addition, the following are the major
assumptions or clarifications of this design:

e An intake screening system was not evaluated and is assumed to be either equivalent to
that specified in the Environmental Requirements or utilize the existing MLPP screens

e Influent pumping is included and taken off of the MLPP cooling loop

» Siemens submerged membranes were selected for the design, however pressure or
submerged Microfiltration/Ultrafiltration (MF/UF) would be successful in the full-scale
facility, and evaluation should be based on a life-cycle cost evaluation

e The solids system design was not evaluated in the pilot study, therefore typical equipment
for solids handling was assumed for this project

1.4 Environmental Requirements from EIR
The design criteria developed in this report were compared against the design criteria in the

CWP Design Criteria Technical Memorandum (TM) (CalAm, August 14, 2009). The major
differences between the designs are presented below in Table 5-4.

Table 1-4. Design Criteria vs. Project Assumptions

Design Criterion Project Assumptions Rationale
Determined from Pilot (Design Criterion
Testing Presented in CWP
Design Criteria TM)
Pass 1 40% recovery if Pass 1 45% recovery Scaling was shown to be a concern at
antiscalant is not used without antiscalant the 45% recovery level during pilot
testing
60% of Pass 1 permeate 40% of Pass 1 permeate | Boron removal is not sufficient at the
treated with Pass 2 permeate | treated with Pass 2 temperatures observed in pilot testing,
permeate and a greater size of Pass 2 is needed.
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Design Criterion
Determined from Pilot
Testing

Project Assumptions
(Design Criterion
Presented in CWP
Design Criteria TM)

Rationale

Antiscalant dose of 2-5
mg/L needed for Pass 2

Antiscalant recommended
for Pass 1

Antiscalant dose is
assumed to be 1 mg/L
for Pass 1 only.

Due to the need for an elevated feed
pH to Pass 2, antiscalant is needed at a
dose of 2-5 mg/L.

Using antiscalant would enable a
higher Pass 1 recovery, and a higher
Pass 1 feed pH which could reduce the
size of Pass 2.

Filtrate flow to RO system
IS 26.6 mgd, which is
slightly less than (10
mgd)/(40% x 90% recovery)
due to Pass 2 concentrate
recycle.

RO system 10 mgd.
The filtrate flow to the
RO system is not stated.

RO feed flow needs to account for the
recycle of the Pass 2 concentrate

1.5 Conclusions

The pilot plant successfully achieved the defined objectives that were established in the study
plan. Table 6-2 lists each objective and the finding from the pilot study.

Table 1-5. Pilot Plant Objectives and Findings

Objective

Finding

Obtain a broad characterization of the raw
water to determine the impacts on full-scale
design and operation

Algae concentration had a significant effect on
the operation of the UF system. Temperature
and conductivity had significant effects on the
operations of the RO pump system.

Establish operating conditions: Evaluation of
the fouling potential of the water on UF and
RO processes.

Due to the elevated temperatures, the fouling
potential due to biofouling on the UF
membranes was significant. However, the pilot
study found that use of continuous chlorine
addressed the biofouling issue. For the RO
system, the lack of antiscalant in Pass 1
required that the system run at a lower
recovery. In Pass 2, it is not possible to run
without antiscalant.
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Objective

Finding

Establish operating conditions: Minimization
of pretreatment chemicals required for normal
operations to reduce environmental impact
(NPDES permits) and operational costs;
evaluation of chemical usage under stress

conditions such as when coagulant is required.

The pilot study found that there are UF
systems that do not require coagulant during
normal operating conditions. The pilot study
also found that RO Pass 1 can run without
antiscalant, with a lower recovery and lower
boron rejection. However, RO Pass 2 cannot
meet plant boron goals without antiscalant.

Establish operating conditions: Evaluation of

The pilot study evaluated the effects of

most effective boron, chloride and sodium
removal

blending, temperature and pH on boron,
chloride and sodium removal. It was
determined that a blending ratio of 60% and a
Pass 2 feed pH of 10.3 optimized removal and
plant efficiency.

UF flux was sensitive to algae in feedwater
(typically fall) and turbidity spikes (rainy
season). RO flux and recovery weren’t
sensitive to seasons

Coagulation had a positive effect on the flux of
the Layne membranes but a negative effect of
the Siemens A membranes. Siemens B and
Toray were not evaluated with coagulant. The
use of coagulant for the UF systems did not
have any effect on the RO flux or recovery.
The equalization basin had minimal impact on
salinity peaks and made the average
temperature of the feed water cooler, reducing
the benefit of high temperatures for the RO
system. Equalization basins will not be used in
full scale design.

Finished water testing was conducted
throughout the pilot plant and all drinking
water requirements were met.

Establish operating conditions: Evaluation of
seasonal effects on flux and recovery

Establish operating conditions: Evaluation
over a range of flux and recoveries with and
without coagulation

Establish operating conditions: Evaluation of
advantages and disadvantages of equalization
basin use

Demonstrate that product water quality meets
all California primary and secondary drinking
water standards, Title 22 requirements for
water reuse, as well as any other regulations
required by the DPH

Three UF manufacturers were evaluated, with
Siemens and Toray both able to meet operating
goals. Two RO manufacturers, Toray and
Woongjin were evaluated in Pass 2. Toray had
superior boron rejection and was selected for
the full scale plant.

Test multiple UF and, if time allows, RO
manufacturers to compare performance
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Objective

Finding

Obtain all necessary information to
characterize waste products (concentrate,
residual solids) from pilot operation, in order
to obtain the required discharge and operating
permits for the full-scale plant

For C/F and UF backwash water, data was
collected on percent solids, settleable solids
and pH. TCLP and WET tests were also
performed to provide sufficient data to
determine if the waste would be considered
hazardous by the State of California. For RO
concentrate, data was collected on Pass 1 and
Pass 2 concentrate.

Obtain information required to support the
Coastal Water Project Environmental Impact
Report (EIR) being prepared by the CPUC

In general, the full scale design criteria
recommended in this report match the EIR.
However, the pilot study does recommend:

e Use of 40% recovery in Pass 1 if
antiscalant is not used.

e Second pass should receive 60% of
Pass 1 permeate.

e Use of antiscalant in Pass 1 (highly
recommended).

e Use of antiscalant in Pass 2 (required
for the high pH values used for boron
removal).

Overall, the pilot plant demonstrated that the MLPP would be a suitable site for a potential full-
scale facility. Using the cooling loop as source water presents a unique set of benefits and
challenges.

The primary benefit of the warmer feed water is the significantly lower energy requirement for
desalination, with up to 120 psi savings on a daily basis when the power plant cooling loop is
operating. The site also provides the benefit of security, available land area, and a permitted
intake and outfall that are designed to protect aquatic life and would protect the shoreline from
construction and operation of new intake and outfall facilities. The power plant outfall also
provides a significant amount of dilution water to reduce the discharge salinity of the
concentrate.

A number of challenges were also identified for this source water, and pilot testing proved that
they could be mitigated. These challenges included potential for biological growth in the warm
water temperatures, fluctuations in temperature and salinity, high temperature challenges to
boron removal, and operations of the power plant cooling loop. All of the challenges presented
by the feed water at MLPP were overcome in the testing period.

The technologies that were pilot tested were successful. UF was a viable pretreatment for the
desalination membranes, and the pretreatment and RO systems operated under a variety of
conditions to identify operational setpoints that were sustainable for this feedwater.
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As a result of the testing, full-scale design criteria were identified that represent an efficient
facility that will meet CalAm’s water quality goals and provide a safe, reliable drinking water

supply.
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2.0 INTRODUCTION AND BACKGROUND

The CWP is a new water supply project for the Monterey Peninsula proposed by CalAm. The
proposed water supply is needed to replace existing supplies that are constrained by recent legal
decisions affecting the Carmel River and Seaside Groundwater Basin water resources: SWRCB
Order No. WR 95-10 and the Monterey County Superior Court adjudication of water rights in the
Seaside Groundwater Basin. Both rulings reduce CalAm’s use of its two primary sources of
supply for the Monterey District and provide the most immediate impetus for the CWP.

There are currently three water supply projects being considered to satisfy the objectives of the
CWP, each of which would produce an additional 10 mgd supply for CalAm:

1) Moss Landing Project. The proposed project assumes a desalination plant would be
situated at MLPP to take advantage of the existing cooling water intake system at the
MLPP for source water, and the existing MLPP ocean outfall for the disposal of brine and
pretreatment residuals. CalAm would own and operate the Moss Landing Project.

2) North Marina Project. This alternative is similar to the Moss Landing Project, except
that the desalination facility would be constructed at a different site (in North Marina),
and the desalination facility’s production capacity would be slightly greater than that of
the Moss Landing facility. The North Marina Project would also utilize subsurface
seawater intakes for the desalination plant source water (slant wells at the end of
Reservation Road), and would require fewer miles of product water conveyance pipeline
than the Moss Landing Project. CalAm would own and operate the North Marina Project.

3) Regional Project. This alternative would integrate the development and allocation of
several water supply sources, including desalination, to address demands. The Regional
Project would be implemented in phases and would incorporate most of the components
of the North Marina Project. However, instead of employing slant wells for source water,
the Regional Project would employ vertical wells to draw water from beneath the inland
side of the beach dunes. Marina Coast Water District would be the owner of the regional
desalination facility, and Monterey County Water Resources Agency would be
responsible for the source water wells. CalAm would purchase wholesale water from the
Regional Project owners.

2.1 Background/Purpose of Pilot

As part of the planning process, a pilot study located at the MLPP was undertaken to obtain the
necessary information to support the permitting, design, commissioning, and operation of the
Moss Landing Project. The pilot study was based on the Coastal Water Project Pilot Plant Study
Plan (MWH, 2008). That document provided a description of the pilot study objectives, process
equipment, trial conditions, quality assurance/quality control (QA/QC) procedures, field
procedures and data reporting protocols.
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Water diverted from the existing MLPP cooling loop underwent treatment first by a self cleaning
screen followed by pretreatment through an ultrafiltration (UF) membrane system. Filtrate from
the pretreatment system was passed through RO membranes. All process streams including
permeate and concentrate were recombined and reintroduced into the cooling loop downstream
of the pilot plant intake. This reconstituted stream was eventually discharged into Monterey Bay
under a Low Threat Discharge Order No. R3-2006-0063, issued by the Central Coast RWQCB.

There were a number of entities involved in the pilot study under CalAm. Acciona Agua (AA)
designed and built the RO and Siemens pilot skids in Spain, which were sent in shipping
containers. CalAm oversaw construction of the pilot plant facilities at MLPP by Granite
Construction. Construction included installation of equipment supplied by AA, the Layne
pretreatment skid, and the equalization basins. RBF obtained permits and performed some pilot-
related activities such as watershed sanitary survey sampling and corrosion loop testing. CalAm
operated the pilot plant with assistance from AA. MWH was retained to develop the study plan
for the pilot testing, provide technical advice to the operations team based on regular meetings
and review of data, and write the pilot testing report. The results of that work are presented
herein.

2.2 Pilot Testing Responsibilities

In addition to the pilot study, CalAm was also simultaneously coordinating the execution of
several activities related to the future desalination facility. The following sections describe the
various efforts and how they relate to the pilot plant.

2.2.1 Regulatory Sampling

Several samples were taken from the pilot plant source water and treated water to satisfy the
RWQCB requirement for conducting a WSS as well as the DPH sampling requirement for future
drinking water permitting activities.

The results of the WSS and DPH sampling are presented elsewhere.

2.2.2 Environmental Documentation

The Final Environmental Impact Report for the CWP was published by the California Public
Utilities Commission on October 30, 2009, and is publicly available.

2.2.3 Corrosion Testing

Treated water from the pilot plant was stabilized and tested for corrosivity in pipe loop tests
using harvested lengths of distribution piping, performed by RBF. The results of that study are
presented elsewhere under separate cover.
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2.2.4 Full-Scale Design Criteria

Current project assumptions (design criteria and cost estimates) for the three project alternatives
were developed in a technical memorandum in an update to the CWP cost estimates prepared by
CalAm, dated August 14, 2009 (CWP Design Criteria TM). The development of the project
assumptions, (e.g., production requirements) was independent of the pilot study. Section 5.5 of
this report provides a comparison of what MWH recommends for the Moss Landing Project
based on the pilot study against what was developed independently. The full-scale design criteria
can be found in Appendix J.

2.3 Pilot Plant Objectives

The Study Plan included objectives for the pilot plant, as listed below:

e Obtain a broad characterization of the raw water to determine the impacts on full-scale
design and operation
e Establish most effective, most cost-efficient operating conditions of the conditions
studied for the pilot system to aid the development of the full-scale design criteria to
include:
- Evaluation of the fouling potential of the water on UF and RO processes
- Minimization of pretreatment chemicals required for normal operations to reduce
environmental impact (NPDES permits) and operational costs; evaluation of
chemical usage under stress conditions such as when coagulant is required.
- Evaluation of most effective boron, chloride and sodium removal
- Evaluation of seasonal effects on flux and recovery
- Evaluation over a range of flux and recoveries with and without coagulation
- Evaluation of advantages and disadvantages of equalization basin use
e Demonstrate that product water quality meets all California primary and secondary
drinking water standards, Title 22 requirements for water reuse, as well as any other
regulations required by the DPH
e Test multiple UF and, if time allows, RO manufacturers to compare performance
e Obtain all necessary information to characterize waste products (concentrate, residual
solids) from pilot operation, in order to obtain the required discharge and operating
permits for the full-scale plant
e Obtain information required to support the Coastal Water Project Environmental Impact
Report (EIR) being prepared by the CPUC

An additional pilot plant objective was added during the fourth Quarterly Meeting, held on
September 10, 2009. It was stated that antiscalant should also be minimized to simplify the
discharge permitting process.
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2.4 Water Quality Goals

To properly evaluate the RO technology, it was necessary to broadly consider the treated water
quality which CalAm will need to meet at full-scale. Table 2-1 summarizes the water quality
goals as set forth in the Study Plan.

Table 2-1: Desalination Water Quality Goals

PROCESS UNIT

PARAMETER

TARGET

Pre-oxidation or Biofouling
Control

HPC Bacteria

> 99% reduction

Trihalomethaness (THM)

<200 g/L (before RO)

Haloacetic acids (HAADS)

<60 g/L (before RO)

UF Filtrate / RO Feed

Dissolved organic carbon (DOC)

<1.5mg/L

Silt Density Index (SDI)

< 3.0 as 95%ile, <3.5 at all times

Algae and bacteria reduction

> 99.5% (c.f. raw water)

Total Particle Counts per mL

< 100 counts/ ml

Turbidity < 0.1 NTU (95% of time)
Iron, total 0.05 mg/L
Total Organic Carbon (TOC) <2 mg/L
Free chlorine Non-detect
RO Overall Water Quality | Sodium’ < 100 mg/L
Chloride’ < 50 mg/L
THM’s® <64 g/L
HAA5? <48 g/L
Boron' < 0.5 mg/L
TOC < 1.0 mg/L
DOC < 1.0 mg/L
Bromate <5 g/L

Note 1: The goals for sodium, chloride, and boron evolved over the project, as described in further detail below.
Note 2: Total Trihalomethane (TTHM) and Haloacetic Acids (HAAS) values were selected based on a

maximum of 80% of United States Environmental Protection Agency (EPA) drinking water requirements.

The goal for boron evolved over the project, as shown in Table 2-2.

Table 2-2: Evolution of Boron Goal

Original Boron Goal | Revised Goal | Second Impacts to Pilot Study

from Study Plan Revised Goal

< 0.8 mg/L < 1.4 mg/L <0.5mg/L Tested high boron rejection elements in
after Quarter | after Trussell | second pass, tested feed pH adjustment in
Meeting 4 testimony first and second passes

There are two issues that have been raised with respect to the pilot study goals for sodium and

chloride:

1. The sodium goal was higher than the chloride goal, which is opposite of the relative
levels found in most natural waters. However, in looking at the water quality for existing
surface water supplies, sodium is higher than chloride. Table 2-3 shows a statistical
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summary of three years of annual chloride and sodium data from Begonia Iron Removal
Plan effluent and source water.

Table 2-3: Historical Water Quality from Begonia Plant

Chloride (mg/L) Sodium (mg/L)
Minimum 18.6 22.0
Maximum 52.9 62.0
Mean 32.8 36.5
Median 30.4 32.0

2. The treated water chloride goal is low compared to that of other seawater desalination
facilities in California. However, the initial goal was set to (a) address specific local
irrigation concerns and (b) avoid significant changes to chloride levels when the existing
water supply is replaced.

If a full-scale desalination facility is built in the future, CalAm will need to review and determine

the most appropriate chloride and sodium goals.

summarized below:

The recommended options for CalAm are

Potential Criteria for
Goal Setting

goal (mg/L)

Example chloride

Example sodium
goal (mg/L)

Common industry goals in

desalination

100-150 mg/L

100-300 mg/L

Special circumstances

50 mg/L, as pilot

(e.g. for special irrigation TBD
considerations) study goal

Historical water quality

(e.g. from Begonia Iron 33 mg/L 37 mg/L

Removal Plant)

Fortunately, chloride and sodium are both very well predicted by reverse osmosis projection
models, so goal-setting after conclusion of this pilot testing will not require additional pilot
testing; projection models can be used in the design to ensure chloride and sodium goals will be

met.

2.5 Success Criteria

Minimum test periods for both the UF and RO systems were established in order to collect
sufficient information for a full evaluation of each test condition. For UF systems, the minimum
time was based on the desired CIP interval. Thirty day runs were selected for the following

reasons:
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e Allowed for the completion of multiple trials over the pilot study,

e Matched the recommended CIP interval from other California pilot studies for the control
of biofouling, and

e Matches recommended design criteria for full-scale production.

For RO systems, the minimum recommended time for proof-of-concept, or testing of conditions,
is 1,000 hours. This is enough time to establish fouling and scaling trends, and to collect
repeatable sampling events. While the recommended CIP interval for the RO system is greater
than 3 months, extending the test period beyond 3 months would not have allowed multiple test
conditions to be performed.

The UF success criteria are presented in Table 2-4. The pilot study had two parallel UF systems,
provided by Siemens and the Layne Christensen Company. The Layne skid housed either Norit
or Toray UF membranes. The objectives of the success criteria were to estimate whether the UF
unit can operate up to 30 days continuously and maintain membrane integrity. TMP must remain
below the vendor supplied maximum TMP value, as this value triggers a CIP. Membrane
integrity is measured by a pressure decay test, which is sensitive to fiber breaks. Loss of
integrity in the membrane fibers reduces the log removal of cryptosporidium in the UF filtrate.
If a significant loss of integrity occurs, this can affect the particle counts and eventually the
turbidity of the filtrate to increase. High particle count and filtrate turbidity can affect the RO

operation.
Table 2-4: UF Success Criteria
PARAMETER ACTION IF SUCCESS CRITERIA
MEASURED SUCCESS CRITERIA NOT MET
Transmembrane TMP is less than the following in 720- e Increase frequency or concentration
Pressure hours: of CEB or MW, OR
e Siemens: 12 psi* e Increase frequency of backwash,
e Layne/Norit: 15 psi* then
* Layne/Toray: 43.5 psi* e Perform CIP and restart run
e Lower flux
Pressure Decay e <0.05bar/min or * Repeat test, then
e <0.075psi/min e Repair fiber(s)
Turbidity e Filtrate not to exceed 0.10 NTU, 95% e Troubleshoot turbidimeter then,
of time e Perform PDT/repair fibers
e Filtrate not to exceed 1.0 NTU at any
time
SDI (15 mins, 0.45 e Filtrate< 3.0 e Repeat test, then
microns e Perform PDT/repair fibers

*Note: these were changed after the pilot testing began to match the requirements of the manufacturer.
PDT = pressure decay test

The RO system success criteria for the First Pass are summarized in Table 2-5. The success
criteria for the second RO pass are summarized in Table 2-6. The success criteria were
developed based on industry standard methods for monitoring RO performance, commonly used
on the full-scale, and modified for the 1,000 hours of testing.
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Table 2-5: RO Pass 1 Success Criteria

PARAMETER
MEASURED OR
CALCULATED

SUCCESS CRITERIA

ACTION IF SUCCESS CRITERIA
NOT MET

Rate of Temperature
Corrected Specific Flux
Decline

Throughout trial, trending to < 15%
change from start of trial to 1,000 hours

e Continue to run system beyond 15%
decline and document;

e Clean and restart

e Decrease flux or recovery

e Study a different antiscalant

e Review pretreatment performance

e Evaluate RO configuration

Differential Pressure
Increase, Feed to
Concentrate

Throughout trial, trending to < 10%
change from start of trial to 1,000 hours

e Same as above

Normalized permeate
conductivity increase

Throughout trial, trending to < 10%
change from start of trial to 1,000 hours

e Same as above

Table 2-6: RO Pass 2 Success Criteria

PARAMETER
MEASURED OR
CALCULATED

SUCCESS CRITERIA

ACTION IF SUCCESS CRITERIA
NOT MET

Rate of Temperature
Corrected Specific Flux
Decline

Throughout trial, trending to < 15%
change from start of trial to 1,000 hours

e Continue to run system beyond 15%
decline and document;

e Clean and restart if excessive

e Decrease flux or recovery

Differential Pressure
Increase, Feed to
Concentrate

Throughout trial, trending to < 10%
change from start of trial to 1,000 hours

e Same as above

Normalized permeate
conductivity increase

Throughout trial, trending to < 10%
change from start of trial to 1,000 hours

e Same as above

Permeate Boron

After trial evaluation, <0.5 mg/L*

e Increase feed pH
e Decrease recovery
e Change membranes

*For more discussion on boron goal, please see Table 2-2.
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3.0 MATERIALS AND METHODS

The pilot plant site was located at MLPP in Moss Landing, California, and was fed with water
from the MLPP cooling loop. This section provides a summary of the pilot plant site, the
treatment processes, sampling and monitoring, data analysis, and QA/QC and safety procedures.

3.1 Site Description

The pilot plant was located on MLPP property and was subject to all the normal operating and
safety rules of the power plant. The plant was constructed to the power plant’s standards in that
all equipment was on a concrete pad, all piping was in trenches, and all structures were installed
with seismic considerations.

Figure 3-1: Photo of Pilot Plant Area

3.2 Pilot Plant Equipment Capabilities and Descriptions

The design of the pilot plant and construction of the UF and RO skids were performed by AA in
Spain in 2003. The skids and all related pilot plant equipment, including process piping,
drainage, chemical systems, tanks and pumps, electrical power systems, an operations trailer, and
other temporary facilities, were installed at the pilot site by Granite Construction in 2007. The
pilot plant operated for 18 months, from June 2008 through December 2009. The pilot plant
schedule can be seen in Figure 3-2.
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Figure 3-2: Pilot Plant Schedule

Figure 3-3 is a general schematic of the pilot plant. Piping and instrumentation diagrams
showing more detail are provided in Appendix A.
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Figure 3-3: Pilot Plant Schematic

Raw water for the pilot plant was supplied by the MLPP cooling loop via 150 gallons per minute
(gpm) intake pumps. Raw water either could be sent to equalization basins, which were tested to
balance salinity and temperature variations, or could be pumped directly to the self cleaning
filter. From the self cleaning filter, water could be sent to coagulation and flocculation or directly
to the UF systems. Two UF systems were operated in parallel during the pilot study and the
Layne unit could be adapted to house various membrane suppliers’ elements. During the pilot
study, the Layne skid housed Norit then Toray UF membranes.
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Filtrate from the UF systems was sent to the return sump for disposal or to the RO Feed Tank.
The RO could be fed with filtrate from one or both pretreatment systems. The RO Feed Tank
provided flow balancing for regular UF cleaning procedures and, when needed, allowed for
blending of the two filtrate waters.

The RO system consisted of two passes. The first pass could be configured as a single stage or a
two-stage array. The second pass was constructed as a two-stage array. The intent was to test
the two passes to determine a blending ratio for first and second pass permeate for the full-scale
facility to meet water quality goals.

All pilot plant flows (product streams and waste streams) were blended in the waste sump and
returned to the MLPP cleaning loop. Thus, the pilot plant operation did not have an overall
impact on the salinity of the cooling water discharged in the MLPP outfall. Chemical wastes
from daily UF chemical cleans and from CIP procedures were collected in the chemical waste
tank, neutralized, and pumped into the waste tank for return to the cooling loop.

3.2.1 Source Water Feed

Source water from Moss Landing Harbor was delivered to the pilot plant via the MLPP cooling
loop. Moss Landing Harbor is an inlet of Monterey Bay. Elkhorn Slough and Moro Coho
Slough extend inland from Moss Landing Harbor. During rain events, Moss Landing Harbor is
believed to receive fresh water from the Old Salinas River via Moro Cojo Slough.

Using the cooling loop to supply the pilot plant provided a number of benefits. The existing
MLPP intake screens, permitted for the cooling water process, were already in place to protect
aquatic life from impingement and entrainment, and no additional screening measures were
required during the pilot study. Furthermore, feed water was diverted from the cooling loop
downstream of the condenser units to take advantage of the warmer temperatures, which reduce
desalination pressure requirements.

Once diverted from the cooling loop, one of two parallel intake pumps was used to fill the
equalization basins or to bypass the equalization basins and provide suction pressure to the
container feed pumps. The intake pumps were Fybroc Division 1500, and each pump could
deliver approximately 150 gpm.

3.2.2 Equalization Basins

Two polyethylene tanks (total volume of 22,000 gallons) were used at the pilot plant site to test
balancing salinity and temperature variations.

Operation of the equalization basins was controlled by level sensors. The intake pumps were
started when the level in the equalization basins reached 25%, and the flow was stopped when
the level reached 75%. Therefore, approximately half of the total volume was utilized as
operating storage. At a pilot plant flow of 105 gpm (both UF systems operating), the detention
time based on the entire volume is 105 minutes, or 1.75 hours. At the 25% and 75% levels, the
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detention time ranged from 52 to 157 minutes. Figure 3-4 shows a photo of the equalization
basin setup.

Figure 3-4: Photo of Equalization Basins

Water was pumped from the equalization basins to the self cleaning filter by the two Container
Feed Pumps. These pumps were Inbeat MPN/50-32-125 with a maximum capacity of 47 gpm
each and could provide 30 psi of pressure to the self cleaning filter.

3.2.3 Self Cleaning Filter

To protect the UF membranes from smaller debris and particles that passed through the MLPP
intake screens, an inline self cleaning screen was employed. This type of pre-screen was required
by all of the pretreatment membrane manufacturers used in this project to protect their
membranes. Two models were tested during the pilot study, and are shown in Figure 3-5.

e HYDAC International, model RF3-C-EPT8-EA-N-2-1-0. 100 m nominal screen size.
Motor driven backwashes were initiated based on a differential pressure of 16 psi, or by
manual operator intervention.

e Boll & Kirch Filtration Systems, model 6.18 DN 3" Gr 50. 70 m nominal screen size.
Motor driven backwashes were initiated based on a differential pressure of 10 psi, or by
manual operator intervention.
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Figure 3-5: Photos of Self Cleaning Screens (Hydac and Boll & Kirch)
A brief description of the self cleaning screen equipment is presented in Table 3-1.

Table 3-1: Self Cleaning Screen Equipment

Manufacturer HYDAC BOLL & KIRCH
Type RF3-C-EPT8-EA-N-2-1-0 6,18 DN 3" Gr 50
Capacity (gpm) 20-120 150*
Max Pressure (bar) 16 10
Temp (°C) <90 0-60
Volume (L) 15 135
Nominal Strainer Size ( m) 100 70
Filter Type slotted tube wedge wire
Filter Shape conical cylindrical
Number of filters 6 12
Configuration radial radial
Filter material stainless steel super duplex stainless steel
Operation auto auto
Backflushing control DP with times override DP with times override
DP setpoint control dial Change out the spring
# filters flushed at a time 1 1

*Boll capacity as reported by manufacturer: Boll operates at 60 gpm with 2 psi clean filter DP.
Higher flow rates up to 150 gpm and higher are possible with a greater DP.
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3.2.4 Coagulation and Flocculation

The self cleaning filter supplied water directly to the C/F system, The C/F system was comprised
of a rapid mixing chamber, two flocculation chambers and a small contacting chamber that used
baffles to create a plug flow path. The flocculation chambers were identical and had the same
type of mixer paddle to provide two-stage flocculation. Flow through the C/F system was 105
gpm. The actual detention time and mixing speed for each chamber is shown in Table 3-2. The
velocity gradient was taken from the O&M Manual provided by AA as the mixing manufacturer
did not supply the information required to calculate the actual velocity gradient.

Table 3-2: C/F System

Actual Paddle Actual Paddle Velocity
Actual Detention Speed, RPM Speed, RPM Gradient, s* **
time, mins (Trial LA)* (Trial 1B)*
Rapid Mixing Chamber 0.75 78 78 Not provided
Flocculation Chamber #1 10.75 19.25 25.5 70-50
Flocculation Chamber #2 10.75 10.5 13 50-30
Contacting Chamber 6.85 N/A N/A 3

* Trial 1A ran from 6/27/2008 until 9/15/2008. Trial 1B ran from 9/16/2008 until 10/9/2008.
** Based on the O&M Manual provided by AA.

The C/F system had a bypass pipe so that it could be excluded from the process train. During the
pilot testing period, the piping was modified to enable the direct feed of coagulant (25 second
residence time in-pipe) to only the Layne skid downstream of the C/F system. Figure 3-6 shows
a photo of the C/F basin setup.

Figure 3-6: Photo of Coagulation and Flocculation Skid
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3.2.5 Membrane Pretreatment

The RO process requires a high quality feed water to minimize fouling, maximize membrane life
and operate efficiently. The principle objective of pretreatment is to reduce the concentration of
particulates in the RO feed water to a level that will produce long-term stable performance that
prolongs the lifespan of the membranes.

The pilot study had two parallel UF systems, both using hollow fiber membranes. One unit, a
submerged membrane system, was designed and constructed to house Siemens modules, pictured
in Figure 3-7. The second unit, a pressurized membrane system, was provided by Layne
Christensen Company, pictured in Figure 3-8 with Norit and Toray UF membranes (the Layne
skid was modified about halfway through the study to switch membrane manufacturers).

Both UF systems could receive coagulated feedwater directly from the C/F system, where ferric
chloride was added as a coagulant, or could bypass the C/F system if coagulant was not in use.

The Siemens system was a vacuum driven hollow fiber UF system that operated in an outside-in
flow pattern. Modules containing polyvinylidene fluoride (PVDF) membrane fibers were
vertically immersed directly into an open process tank and connected to permeate collection
headers and aeration hoses. Permeate pumps applied a slight vacuum to the end of each
membrane fiber to draw water through the membrane. After the completion of Trial 4, the
Siemens membranes were replaced due to operational issues discussed in Section 4.3.5. The
membranes used in Trials 1-4 are designated Siemens A and those used in Trial 5-7 are
designated Siemens B.
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Figure 3-7: Photo of Submerged UF System

The Layne system was a pressure driven UF hollow fiber system. Membranes were housed in 8-
inch diameter pressure vessels assembled vertically on the skids. Filtration was “dead-end” in the
pressure vessels, i.e., all water pumped into the pressure vessels passed through the membranes.
The Norit membranes were polyethersulfone (PES) hollow fibers with an inside-out flow pattern,
and the Toray membranes were PVDF hollow fiber membranes with an outside-in flow pattern.
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Figure 3-8: Photo of Pressurized UF Systems (Norit and Toray)

Table 3-3 provides a summary comparison of the four UF membranes.
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Table 3-3: UF Membrane System Summary

Manufacturer: Siemens Layne Layne
A and B Norit Toray
Product Name S10V SXL-225 HFU
Technology UF membrane | UF membrane | UF membrane
Configuration Submerged Pressurized Pressurized
Flow Direction Outside-In Inside-Out Outside-In
Membrane Fiber Material PVDF PES PVDF
Terminal TMP, psi (max) 12 15 43.5
Fiber Dimensions, m 800/500 800 (ID only) 1500/800
(Outer Diam/Inner Diam)
Pore size, m (nominal) 0.04 0.025 0.01
Dimensions
Diameter, inches 5.2 8 8.5
Length, inches 46.7 60 85
Membrane Area, sf 300/module 430/modules 775/module
Number of modules used 5-8 4 3-4
Membrane Type Hollow Fiber | Hollow Fiber Hollow Fiber
Backwash Mechanism Combined air | Liquid Only Combined air
& liquid & liquid

In the UF systems, dummy modules were sometimes used to reach a desired flux at a given flow
rate to allow high flux without exceeding the capacity of the respective UF pump. For example,
in the Siemens unit six working modules and two dummy modules were used to achieve an
average flux of 25 gfd with a flow rate of 32 gpm. Additional working modules at 25 gfd flux
would have increased the flow and exceeded the capacity of the filtrate pump.

3.2.6 RO Feed Tank

Filtrate from the two membrane units could either be sent back to the cooling loop via the return
sump or it could be collected in the RO Feed Tank. The initial tank was 260 gallons, allowing
for approximately 5 minutes of UF downtime at a typical RO feed rate of 44 gpm.

During testing, it was determined that daily chemical cleaning was required to minimize fouling.
The cleaning operation resulted in loss of production for up to 40 minutes, which was too long
for the permeate tank to maintain a supply for the RO system. Once the capability for daily
chemical cleans was added to the UF systems, the equalization volume needed to be increased to
account for the UF downtime in order to avoid shutdowns of the RO system during UF cleaning.
Therefore, the small RO feed tank was replaced with a 2,600 gallon tank.

In the event that both UF systems were feeding into the RO Feed Tank, the tank also served as a
mixing chamber for the two filtrates.
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3.2.7 Membrane Desalination

Filtered water from the UF system(s) was pumped with low-lift pumps (Grundfos CRT 8-8 A-P-
A-V-AUUV) from the RO Feed Tank and processed through 5-micron depth cartridge filters.
Cartridge filters are commonly utilized as additional protection for the RO membrane elements
to capture any final particles of suspended solids that could enter the feed stream. From the
cartridge filters, the filtered water was pumped to the first pass RO, using a high pressure pump
(Grundfos BM17-30-R). Permeate from Pass 1 was collected in the First Pass Permeate Tank. A
second high pressure pump (Grundfos CRN5-22) took permeate from the First Pass Permeate
Tank to supply Pass 2. Figure 3-9 shows a photo of the RO skid.

Figure 3-9: Photo of RO Skid

Four RO membrane models were evaluated in the study, one for Pass 1 and three for Pass 2. The
purpose of testing multiple membrane models in Pass 2 was to compare boron removal
capability.

e Toray TM820C-400. Pass 1 utilized 8" Toray TM820C-400. Each element has a
surface area of 400 sf. When 7 elements were used, Pass 1 had 2,800 sf of membrane
area; when 8 elements were used, Pass 1 had 3,200 sf of membrane area.

e Toray TMGI10. Pass 2 tested 4” Toray TMG10. Each element has a surface area of 87
sf. The total surface area in Pass 2 was 1,566 sf (6 elements per vessel, 3 total vessels in
Pass 2)

e Woongjin CSM RE4040-UE. Each element has a surface area of 85 sf. The total
surface area in Pass 2 was 1,530 sf.

e Toray TM710. Each element has a surface area of 87 sf. The total surface area in Pass 2
was 1,566 sf.
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Table 3-4 and Table 3-5 summarize the configuration of the RO system throughout the pilot

study.

Table 3-4: RO Pass 1 Summary

RO Pass 1
Manufacturer Toray
Recovery* 50%
Array Single Vessel
Manufacturer Model TM820C-400
Maximum Elements 8
per Vessel**
Flux (gfd) 9

* In Pass 1, the maximum recovery tested was 50%
although 45% recovery was evaluated in Trial 7.
** The maximum elements per vessel in Pass 1 was 8 but

7 elements were used in

Trials 1-5.

Table 3-5: RO Pass 2 Summary

RO Pass 2
Manufacturer Toray, Woongjin CSM
Recovery 87%
Array 2:1
First Pass

Manufacturer Model

TMG10, TM710 (Toray)
RE4040-UE (Woongjin CSM)

Maximum Elements per
Vessel

7

Flux (gfd)

14.2

Se

cond Pass

Manufacturer Model

TMG10, TM710 (Toray)
RE4040-UE (Woongjin CSM)

Elements per Vessel

6

Flux (gfd)

14.2

According to the Study Plan, Pass 1 was originally designed to have a second stage for increased
recovery. However, the use of a second stage would have had a negative impact on water quality
and therefore the Pass 1 Stage 2 was not used during pilot testing. This limited the feed water
available for Pass 2 and had two consequences: While the vessels in Pass 2 could accommodate
7 elements, only 6 elements could be used during the pilot study. Also, in Trial 7, Pass 2 was
intended to operate at a flux of 20.5 gfd and a recovery of 90%. However, these setpoints were
reevaluated and a flux of 14.2 gfd and a recovery of 87% were used instead.
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3.2.8 Pilot Plant Controls

All instrumentation on the pilot plant except the Layne skid sent analog signals to a central
SCADA computer located in the operations trailer on the pilot plant site. The SCADA system
was programmed to store data, to provide realtime status information, to provide the operator
human machine interface (HMI) for controlling each system, to flow pace chemical feed rates
and provide other means of process control, and to display and log alarms if certain parameters
were out of range. The SCADA computer was also programmed to execute automatic safe
shutdown of the pilot systems under certain prescribed conditions to protect the equipment (e.g.,
pump shutdown on low flow, or submerged membrane system shutdown if the tank is empty).
The RO system was flushed with permeate on every automatic shutdown.

The Layne skid had a local programmable logic controller (PLC) and was controlled
independently of the other systems. The Layne PLC uploaded data via a wireless connection to a
website where the data could be downloaded.

3.2.9 Ancillary Systems

In addition to the treatment technologies discussed above, there were a number of other systems
that were integral to the operation of the pilot plant. Chemicals were used to adjust pH, to restrict
microbial growth, to enhance treatment performance, and to clean the systems.

3.2.9.1 Chemical Systems

There were a number of steps within the desalination process where chemicals were introduced
to enhance performance or to protect the membranes. Some of the treatment processes required
chemical addition to adjust water quality parameters to meet treatment goals, optimize
performance and costs, and maintain process equipment. Process chemicals were continuously
applied at various locations in the pilot plant. Chemical application points are shown in Figure
3-10 and doses are summarized in the subsections below.
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Figure 3-10: Schematic of Chemical Injection Points

The chemicals were contained on a skid with storage tanks and metering pumps. Chemicals
were delivered by truck on an as-needed basis. Figure 3-11 shows a photo of the chemical skid.

Figure 3-11: Photo of Chemical Skid
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Disinfection: Sodium hypochlorite was injected upstream of the equalization basins. The
application of sodium hypochlorite was used to minimize biological growth in the equalization
basin, the self-cleaning filter, C/F system, UF membranes and RO feed tank. Sodium
hypochlorite was fed during some trials as a continuous dose of 2-4 mg/L. In other trials, shock
chlorination was employed, in which sodium hypochlorite was dosed at 5 mg/L for two hours
each day.

Coagulation: Ferric chloride could be used as a coagulant for C/F system by injection with an
inline static mixer upstream of the C/F contactors. The chemical injection point was later added
so that it could be fed inline to the Layne system alone.

pH Adjustment: In order to optimize coagulation pH, sulfuric acid could be injected just
upstream of the ferric chloride injection port and mixed with an inline static mixer. Caustic soda
injection ports were located before the RO system Pass 1 and Pass 2, providing a means of pH
adjustment when needed to increase boron removal.

Sodium Bisulfite: Any free chlorine that was in the system after it was discharged from the RO
Feed Tank was quenched with sodium bisulfite before being sent to the RO membranes to
minimize damage to the RO membranes. There was an inline ORP analyzer downstream of
sodium bisulfite injection that provided an analog signal to control the bisulfite dose to keep
ORP under 190 mV.

Antiscalant: Antiscalant was added to the RO system to reduce the precipitation of sparingly
soluble salts on the RO membranes. The use of antiscalant increases the life of the membranes
and allows for longer periods between cleanings.

For Pass 1, antiscalant (Nalco PermaTreat PC-1020T) was dosed inline.
For Pass 2, antiscalant (Nalco PermaTreat PC-191T) was added to the First Pass Permeate Tank.

PC-1020T, a phosphonate-based antiscalant, was selected for the First Pass due to the projected
formation of calcium- and sulfiate-based scale. PC-191T, also phosphonate-based, was selected
for the Second Pass due to the projected formation of calcium carbonate scale. The water quality
modeling that led to the antiscalant type and dose recommendations is included in Appendix B.

The Nalco Trasar system was also installed to provide residual feedback on antiscalant dosing,
and the single unit could be used for either Pass 1 or Pass 2 antiscalant injection. This proved to
be a beneficial system as it aided operations staff in identifying a leak in the antiscalant tubing.

Cleaning: A variety of chemicals were used for the MW/CEB of the UF membranes and for the
periodic cleans-in-place (CIP) of the UF and RO membranes. For UF daily cleans, chemical
tanks and metering pumps supplied the required chemical doses to the backwash flow. For CIPs,
operators made cleaning solutions in dedicated CIP tanks as indicated in Section 4.0. Table 3-6
summarizes the chemicals used in each type of cleaning.
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Table 3-6: Summary of Cleaning Chemicals

Siemens A Siemens B Norit Toray RO
Backwash -- -- -- Hypochlorite N/A
MW/CEB
Low pH Sulfuric Acid | Sulfuric Acid | Citric Acid -- N/A
High pH Hypochlorite | Hypochlorite | Hypochlorite | Hypochlorite N/A
Clean-in-place
Low pH Citric Acid Citric Acid Citric Acid Citric Acid Citric Acid
Sulfuric Acid | Muriatic Acid Muriatic Acid
Bisulfite
High pH Hypochlorite | Hypochlorite | Hypochlorite | Hypochlorite | Caustic Soda
Caustic Soda

3.2.9.2 Disposal of Process Water
All process water from the pilot plant was sent to the waste tank and recycled back to the MLPP
cooling loop. This included:

e Backwash from the self-cleaning filter
e Solids collected from the C/F system

e Filtrate from UF membranes (if not sent to RO Feed Tank)

e Backwash water from UF membranes
e Drain from cartridge filters
e RO process permeate

» RO process concentrate

e Tank overflows

Figure 3-12 shows a photo of the waste sump area.

Prepared by MWH

3-16

May 2010




California American Water Coastal Water Project Pilot Testing Report

Figure 3-12: Photo of Waste Sump
3.2.9.3 Disposal of Chemical Waste

There were some waste streams that were no longer suitable for return to the MLPP cooling loop
due to the addition of chemicals. These waste streams were collected in an onsite Chemical

Waste Tank, neutralized, and pumped into the waste tank for return to the cooling loop.
Chemical waste streams included:

e Chemical cleaning waste from UF daily cleans
e Chemical cleaning waste from the UF and RO CIPs

3.3 Field Operations and Procedures

In order to properly evaluate the performance of the treatment processes used during this pilot
study a large amount of data was collected, including the following:

e Online instruments continuously archived water quality data and operational parameters.
On a weekly basis, these were populated into spreadsheet databases, in which they were
automatically normalized and plotted. Automatic calculations allowed for weekly
evaluation of operational parameters such as specific flux and net pressure to monitor the
performance of each system.

e Onsite laboratory analyses were performed by operations staff to verify online
instruments and to collect data that was not available from the online instruments.

e Comprehensive offsite laboratory analyses were collected on a weekly or monthly basis
to evaluate the treatment processes.

e Jar tests were used to evaluate various coagulant scenarios.
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3.3.1 Jar Tests

Coagulant jar testing, performed in two phases, was required during the pilot study to optimize
the performance of the C/F process. In Phase 1, various doses of ferric chloride were evaluated
under four pH conditions. In Phase 2, additional types of coagulants and coagulant combinations
were evaluated.

3.3.1.1 Phase 1: Ferric Chloride
Phase 1 of jar testing was conducted in April 2008 by onsite personnel. Samples were collected
from the raw water sample port, denoted S1, and the following information was recorded:

e Date and time

e Meteorological conditions

e Initial pH

e Conductivity

e Temperature

e Turbidity (onsite and CalAm Lab)
e |ron

Turbidity samples were analyzed by two turbidimeters due to calibration issues with the onsite
instrument, therefore only the results from the CalAm Lab were utilized. After the initial data
was collected, jars were dosed with ferric chloride, and sulfuric acid was used to adjust the pH,
as shown in Table 3-7.
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Table 3-7: Phase 1 Jar Test Conditions

Jar Label pH Condition Ferric Dose
JT11 No pH adjustment 2 mg/L
JT12 (ranged from 7.0 to 7.9) 5 mg/L
JT13 7.5 mg/L
JT14 10 mg/L
JT15 15 mg/L
JT16 20 mg/L
JT21 pH =55 2 mg/L
JT22 5 mg/L
JT23 7.5 mg/L
JT24 10 mg/L
JT25 15 mg/L
JT26 20 mg/L
JT31 pH=6.5 2 mg/L
JT32 5 mg/L
JT33 7.5 mg/L
JT34 10 mg/L
JT35 15 mg/L
JT36 20 mg/L
JT41 pH=7.0 2 mg/L
JT42 5 mg/L
JT43 7.5 mg/L
JT44 10 mg/L
JT45 15 mg/L
JT46 20 mg/L

Each sample jar was then mixed and settled in a manner that replicated the full-scale C/F
process. After the samples were settled, the supernatant was filtered with a 0.45 m disk filter.
Turbidity and total iron were measured in the settled supernatant and in the filtered water. The
settled water measurements represent water quality before MF/UF treatment. Filtered water
measurements represent water quality entering the RO system.

3.3.1.2 Phase 2: Various Coagulants

In summer of 2009, the second phase of jar testing was completed by offsite personnel
(American Water, 2009). In this series of experiments, six coagulants or combinations of
coagulants were used, as summarized in Table 3-8. Mixing conditions matched those used in
Phase 1. The only variation in method was the filter size, which was 0.22 m in Phase 2. In
addition to examining removal of turbidity, Phase 2 also measured removal of total organic
carbon (TOC) and assimilable organic carbon (AOC).
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Table 3-8: Phase 2 Jar Test Conditions

Name

Coagulant

Doses (as compound)

Experiment 1

Ferric Chloride, no pH adjustment

2,4,6,8, 10 mg/L

Experiment 2

Ferric Chloride at pH = 6.5

2,4,6,8, 10 mg/L

587C at 0.4 mg/L

Experiment 3 Polyferric Sulfate 2,4,6,8 10 mg/L
Experiment 4 Cationic Polymer — 573C 0.2,0.4,0.6,0.8, 1.0 mg/L
Experiment 5 Cationic Polymer — 587C 0.2,0.4,0.6,0.8, 1.0 mg/L
Experiment 6 Ferric Chloride and with Cationic Polymer | 2, 4, 6, 8, 10 mg/L

3.3.2 Sampling and Monitoring

In order to properly evaluate the performance and operation of the pilot plant throughout the
pilot study, a number of water quality results were obtained through on-skid instrumentation,
onsite analyses, and offsite laboratories. Operational monitoring included flows, pressures,
temperatures, chemical tank levels, and periodic procedures such as SDI testing and instrument
verifications/calibrations. In addition, the number of flushing cycles per day for the self-cleaning
filter and the differential pressure of the cartridge filter were monitored on a daily basis.

Sampling and monitoring locations, frequencies, procedures, and standard methods were
prescribed in the CWP Pilot Plant Study Plan (May 2008), and results were documented on a
daily basis. Grab sample locations are defined in Table 3-9.

Table 3-9: Grab Sample Locations

Sample Sample Location Blended Streams Stream Type
Identifier
S1 MLPP Cooling Water System — Raw Water Raw
S2 Raw Water Equalization Tanks Blend Raw
S3 Self Cleaning Filter Effluent Filtered Raw
S4 C/F Effluent before Blend CIF
S5 C/F Effluent and Self Cleaning Filter Effluent S3and S4 CIF
(Bypass) Blend
S6 Siemens UF Filtrate UF
S7 Layne UF Filtrate UF
S8 Not used
S9 RO Feed Water Tank Effluent UF
S10 Cartridge Filter Effluent Cartridge Filter
Effluent
S11 Cartridge Filter Effluent and RO Recirculation S10 and S22 RO Influent
Flow Blend
S12 RO First Pass First Stage Permeate RO Permeate
S13 RO First Pass First Stage Concentrate RO Concentrate
S14 Not Used
S15 RO First Pass Permeate Tank Effluent RO Permeate
S16 RO Second Pass First Stage Permeate RO Permeate
S17 RO Second Pass First Stage Concentrate RO Concentrate
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Sample Sample Location Blended Streams Stream Type
Identifier
S18 RO Second Pass Second Stage Permeate RO Permeate
S19 RO Second Pass Combined Permeate RO Permeate
S20 Not used
S21 Not used
S22 RO Second Pass Second Stage Concentrate RO Concentrate
S23 Not used
S24 Not used
S25 RO First Pass Second Stage Concentrate RO Concentrate
S26 C/F Contact Tank Solids C/F Solids
S27 Siemens UF Backwash Waste UF Backwash
S28 Layne UF Backwash Waste UF Backwash
S29 Waste Line return to Cooling Water System (RO | S15, S23, S26, S27, | Waste
Concentrate, RO Permeate, UF Backwash, Tank | and S28
Overflows, Self Cleaning Filter Waste, C/F
Solids)
3.3.2.1 Parameters Measured

As listed in Table 3-10, Table 3-11 and Table 3-12, a large number of constituents were
evaluated throughout the pilot study. Some of the most relevant parameters are discussed below.
A more detailed discussion of water quality can be found in Section 4.0.

Table 3-10: Online Instruments

FLOW
C2-FIT-001 C/F Feed
C2-FIT-002 First Pass RO Feed
C1-FIT-001 First Pass RO Feed + Recycles
C1-FIT-002 1st pass 1st stage permeate - head element
C1-FIT-003 1st pass 1st stage permeate - tail element
C1-FIT-004 1st pass 2nd stage permeate
C1-FIT-005 Second Pass RO Feed
C1-FIT-006 2nd pass 1st stage permeate
C1-FIT-007 2nd pass 2nd stage permeate
CM-FIT-001 Filtrate flow - Siemens
CM-FIT-002 Feed flow - Siemens

LEVEL
WWW-LIT-001 Return sump tank
INT-LIT-001 Equalization tank No. 1
INT-LIT-002 Equalization tank No. 2
C2-LIT-001 Flocculation tank
C2-LIT-002 RO feed tank
C1-LIT-001 1st pass permeate tank

CONDUCTIVITY

INT-CIT-001 Raw Water
C2-CIT-001 Raw water (+NaOCI)
C2-CIT-002 First Pass RO Feed
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C1-CIT-002 1st pass 1st stage permeate - head element
C1-CIT-001 1st pass 1st stage permeate - tail element
C1-CIT-003 1st pass 2nd stage permeate
C1-CIT-004 2nd pass combined permeate
C1-CIT-005 2nd pass combined permeate with the 1st pass bypass
pH
C2-PHT-002 Raw water (+NaOCIl)
C2-PHT-001 Raw water (+H,S0,4)
C1-PHT-001 First Pass RO Feed
C1-PHT-003 Second Pass RO Feed
C1-PHT-002 2nd pass permeate with 1st pass bypass if operating
CM-QT-002 Filtrate Siemens
TURBIDITY
C2-TD-001 Post Influent Filter (start to 3/6/09), Siemens inlet (3/6/09 to end)
Filtrate Siemens (start to 5/21/08), Coagulation outlet (5/21/08 to 7/9/08), Raw
C2-TD-003 Water (7/9/08 to end)
C/F Filtrate (start to 6/23/08), Filtrate Siemens (6/23/08 to 1/27/09), Cartridge
C2-TD-002 filter outlet (1/27/09 to 4/3/09), Filtrate Siemens (4/3/09 to end)
TEMPERATURE
INT-TIT-001 Raw Water
C2-TIT-001 Post Influent Filter
C1-TIT-001 First Pass RO Feed
C1-TIT-002 First Pass 2nd stage RO Feed
C1-TIT-003 Second Pass RO Feed
CM-TT-001 Filter tank (Siemens)
PRESSURE

C2-DPT-001 Cartridge filters differential pressure
C2-PIT-001 First Pass RO Feed Pump Suction
C1-PIT-001 First Pass RO Feed
C1-DPT-001 1st pass 1st stage differential pressure
C1-PIT-002 1st pass 1st stage permeate - tail element
C1-PIT-003 Second Stage RO Feed
C1-DPT-002 1st pass 2nd pass differential pressure
C1-PIT-004 1st pass 2nd stage permeate
C1-PIT-005 High pressure pump 2nd pass suction
C1-PIT-006 Second pass RO Feed
C1-DPT-003 2nd pass 1st stage differential pressure
C1-PIT-007 2nd pass 1st stage permeate
C1-DPT-004 2nd pass 2nd stage differential pressure
C1-PIT-008 2nd pass 2nd stage permeate
CM-PT-001 Siemens TMP

REDOX
C2-RHT-001 Post Influent Filter (+NaOCI)
C2-RHT-002 First Pass RO Feed (+ sodium bisulfite)

OTHERS
C2-DOT-001 First Pass RO Feed Dissolved Oxygen (+ sodium bisulfite)
C0-POT-001 Power Motor Control Center
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Table 3-11: Onsite Sampling

Parameter Sample Ports Frequency
Chlorine, free and total | S1, S5, S6, S7, S11, S15, S19 1/day
Color S1, S11, S15, S19 1/week
Conductivity S1, S2, S10, S11, S12, S15, S16, S18, S19 | 1/week
Dissolved Oxygen S1, S5, S11, S15, S19 1/week
Hardness S1, S5, S10, S11, S15, S19 1/week
Iron, Total S1, S5, S10, S11, S15, S19 1/day when coagulant was used, else 1/week
Manganese S1, S5, S11, S15, S19 1/week

N — Ammonia S1, S11, S15, S19 1/week
Particle counts S6, S7, S10, S11, S15, S19 1/week

pH S1, S5, S10, S11, S15, S19 1/day
Phosphorous S1, S5, S11, S15, S19 1/week
SDI S6, S7, S11 1/day
Temperature S1, S11, S15, S19 1/week
Turbidity (NTU) S1, S2, S5, S6, S7, S15, S19 1/week
Turbidity (NTU) S11 1/day

Table 3-12: Offsite Sampling

Parameter Sample Ports Frequency
Algae Cells S1, S2, S3, S5, S6, S7, S11, S19 1/week
Alkalinity as CaCO3 S1, S5, S10, S11, S12/S15, S16, S18, S19 | 1/week
Aluminum (Al) Total S1, S5, S10, S11, S15, S19 1/week
Aluminum (Al) Dissolved S1, S5, S10, S11, S15, S19 1/week
Barium (Ba) Total S1, S10, S11, S12/S15, S16, S18, S19 1/week
Barium (Ba) Dissolved S1, S10, S11, S16 1/week
Bicarbonate S1, S10, S11, S15, S19 1/week
Boron S1, S10, S11, S12/S15, S16, S18, S19 1/week
Bromamine S1, S10, S11, S15, S19 2/month
Bromide S1, S10, S11, S12/S15, S16, S18, S19 1/week
Calcium (Ca) S1, S10, S11, S15, S19 1/week
Carbonate S1, S11, S15, S19 1/week
Chloride S1, S10, S11, S12/S15, S16, S18, S19 1/week
Chlorophyl-A S1, S2, S5, S10, S11, S15, S19 1/month
Copper (Cu) Total S1, S5, S10, S11, S15, S19 2/month
Copper (Cu) Dissolved S1, S5, S10, S11 2/month
DOC S1, S5, S10, S11, S12/S15, S16, S18, S19 | 2/week
Fluoride S1, S5, S10, S11, S15, S19 1/week
HAAS5 S1, S11, S12, S15, S19 2/month
Hardness as CaCOs S1, S10, S11, S15, S19 1/week
HPC Bacteria S1, S2, S6, S7, S11, S15, S19 1/week
Iron (Fe) Total S1, S5, S10, S11, S12/S15, S16, S18, S19 | 2/week
Iron (Fe) Dissolved S1, S5, S10, S11, S12/S15, S16, S18, S19 | 2/week
Magnesium (Mg) S1, S5, S10, S11, S15, S19 1/week
Manganese (Mn) Total S1, S5, S10, S11, S12/ S15, S16, S18, S19 | 2/week
Manganese (Mn) Dissolved S1, S5, S10, S11, S16 2/week
Total Nitrogen S1, S10, S11, S15, S19 1/week
Ammonia as N S1, S10, S11, S15, S19 1/month
Orthophosphate S1, S10, S11, S12/S15, S16, S18, S19 1/week
Total Phosphorus S1, S5, S10, S11, S15, S19 1/week
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Parameter Sample Ports Frequency
Potassium (K) S1, S10, S11, S15, S19 1/week
Silica (colloidal and reactive) | S1, S5, S10, S11, S12/S15, S16, S18, S19 | 2/week
Sodium (Na) S1, S10, S11, S15, S19 1/week
Strontium S1, S10, S11, S12/S15, S16, S18, S19 2/week
Sulfate S1, S5, S10, S11, S12/S15, S16, S18, S19 | 2/week
Surfactants S5, S11, S15, S19 1/week
Total Organic Carbon (TOC) | S1, S2, S5, S10, S11, S19 2/week
Total Coliform S1, S5, S11, S19 2/week
Total Dissolved Solids S1, S2, S5, S11, S12/S15, S16, S18, S19 2/month
Total Suspended Solids S1, S2, S5, S6, S7, S11, S19 2/week
TTHM S1, S11, S15, S19 2/month
UVA254 S1, S5, S10, S11, S15, S19 1/week
VOC S1, S5, S11, S15, S19 1/month
Zinc (Zn) Total S1, S5, S10, S11, S15, S19 1/month
Zinc (Zn) Dissolved S1, S5, S10, S11 1/month

Phosphonate and total suspended solids (TSS) grain size distribution were initially included in
the Study Plan, but were later deleted because they were determined not to be needed by the
regulatory agencies.

3.3.2.2 Analytical Methods
The analytic methods for offsite sampling are listed by constituent in Table 3-13. Offsite
analysis was performed by TestAmerica Laboratories.

Table 3-13: Analytical Methods

Parameter Analytical Method
Algae Cells N/A

Alkalinity as CaCO3 SM2320B
Aluminum (Al) Total and Dissolved EPA 200.8
Barium (Ba) Total and Dissolved EPA 200.8
Bicarbonate SM2320B
Boron EPA 200.7
Bromamine N/A

Bromide EPA 300.0
Calcium (Ca) EPA 200.7
Carbonate SM2320B
Chloride EPA 300.0
Chlorophyll-A SM10200H
Copper (Cu) Total and Dissolved EPA 200.8
DOC SM5310B
Fluoride EPA 300.0
HAAS5 EPA 552.2
Hardness as CaCOs SM2340A

HPC Bacteria SM9215B

Iron (Fe) Total and Dissolved EPA 200.7/200.8
Magnesium (Mg) EPA 200.7
Manganese (Mn) Total and Dissolved | EPA 200.8
Total Nitrogen VARIES
Ammoniaas N SM4500NH3_D
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3.3.3 Quality Assurance and Quality Control

Parameter Analytical Method
Orthophosphate SM4500P_E

Total Phosphorus EPA 365.3

Potassium (K) EPA 200.7

Silica (colloidal and reactive) EPA 200.7

Sodium (Na) EPA 200.7

Strontium EPA 200.8

Sulfate EPA 300.0
Surfactants SM 5540C

Total Organic Carbon (TOC) SM5310B

Total Coliform SM9223 Colilert P/A
Total Dissolved Solids SM2540C

Total Suspended Solids SM2540D

TTHM EPA 524.2

UVA254 SM5910B

VOC EPA 8260B/EPA 524.2

Zinc (Zn) Total and Dissolved

EPA 200.8

As part of the QA process, all online instruments were routinely cleaned and calibrated
throughout the pilot study, as shown in Table 3-14. After some fouling of the algae meter was
discovered on 4/24/09, a cleaning procedure for the algae meter was instituted on a daily basis.
The turbidimeters were cleaned as-needed depending upon the climate and whether coagulant
was in use. The benchtop and handheld instruments were also calibrated regularly, according to
the schedule in Table 3-15.
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Table 3-14: Schedule of Online Instrument Calibrations

12/31/08-1/2/09

1/14/09
1/27/09
12/2/09
2/23/09
3/30/09
4/29/09
4/30/09
5/14/09
5/22/09

9/3/08-9/8/08
6/3/09

5/19/08
6/25/08
8/7/08
10/27/08
4/12/08
12/15/08
7/17/09
7/21/09
9/10/09
10/14/09
9/12/09
11/12/09

Tag
Memcor
C2-PHT-001
C2-PHT-002
C1-PHT-001
C1-PHT-002
C1-PHT-003
C2-RHT-001
C2.RHT-002
INT-CIT-001
C2-CIT-001
C2-CIT-002
C1-CIT-001
C1-CIT-002
C1-CIT-003
C1-CIT-004
C1-CIT-005
Diss. Oxigen | C2-DOT-001
INT-TD-001
C2-TD-001
C2-TD-002
C2-TD-003
Layne Feed
Layne Filtrate
Algae-watch | Algae-watch

PH

REDOX

Conductivity

Turbidimeter

Table 3-15: Schedule of Onsite Laboratory Instrument Calibrations

Instrument Frequency of Calibration
Conductivity / Temperature | Weekly

pH meter Weekly

Turbidity Daily

DO meter Before use

According to QC procedures, the onsite laboratory analyses discussed in Section 3.3.2.1 were
conducted with handheld and benchtop analytical instruments to provide process QC on a daily
basis, and also to verify against any faulty laboratory results that may come back.

Other QC activities included:

e Chemical flowrates were verified with daily checks of the levels in chemical tanks.

e Split process samples for offsite laboratories were sent to the lab. On one occasion the
split samples were sent to two separate labs for the same testing. The results are
presented in Section 4.4.7.
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3.3.4 Safety Plan

During the 30 months that the operations staff were on the MLPP site (during construction and
operation of the plant), there were a number of safety measures that were carried out in order to
create and maintain a safe working environment.

The MLPP facility maintains strict safety rules, including, but not limited to, protocols for
reporting problems, speed limits, requirements for personal protective equipment, and
compulsory safety training for all employees and visitors.

Specifically for the operation of the pilot plant, new rules were established as follows:

e On a daily basis at a prescribed time, the pilot plant staff called the power plant
Operations Foreman. The Foreman reported the number of power plant circulator pumps
in operation. The pilot plant staff reported:

- The flow being delivered to the pilot plant from the cooling loop

- Which intake and return valves were open

- Whether chemical deliveries were taking place the following day.

e The pilot plant was staffed 24 hours per day, seven days per week with safety personnel
to ensure any chemical or other leaks were dealt with promptly. The staff were equipped
with:

- The Desalination Pilot Plant Checklist which was required to be filled out every
hour and included a visual inspection for leaks in the chemical pumps and
chemical dosing points as well as throughout the process equipment skids.

- A diagram of the facility with all the pumps and dosing point locations identified.

- A troubleshooting guide in order to know the appropriate response in case there
was a problem.

- Alogsheet to record the chemical volumes in every chemical tank to help identify
any leaks.

e A safety meeting was conducted every morning in the pilot plant that included the pilot
plant operators and any contractors or visitors onsite that day. The meeting was intended
to remind everyone of the basic safety rules to take into consideration while working or
visiting the site. Every person in attendance signed in.

e Any operators, contractors, or visitors were required to undergo the standard power plant
safety training course on a yearly basis.

Safety-related documents are included in Appendix C.

3.4 Data Analysis

Data collected from instruments at various points in the treatment process were stored by the
PLC and downloaded weekly. In order to make operational decisions on a weekly basis, online
data was populated into spreadsheet databases, where they were automatically normalized and
plotted. Automatic calculations allowed for weekly evaluation of operational parameters such as
specific flux and net pressure to monitor each system’s performance.
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UF and RO operational data were normalized to remove the effects of various factors that
influence operation and performance of the membranes but in fact do not reflect degradation of
membrane performance. Normalization is important in order to discern the true performance
degradation, since parameters such as temperature would otherwise obscure a change.

Data can be normalized to reference data (e.g., temperature normalized to 25°C) or to other
operational parameters at actual conditions (e.g., flux normalized to actual pressure to show
specific flux). By normalizing data to a reference temperature, it allows a more accurate
comparison of a single membrane system operating at different times with different temperature
conditions. By normalizing flux data to pressure, it allows a more accurate comparison of fouling
over time and across membrane systems operating in parallel.

3.4.1 UF Data Normalization

UF data is typically normalized to a standard temperature (UF operation is not dependent on
salinity). A temperature correction factor is applied to UF flux data to normalize it to 20°C. The
equation below is used to account for variations in water viscosity with temperature.

Jomn = S TCF @

Where:

Jimn = temperature corrected flux (gfd)

Qp = actual filtrate flow (gpm)

S.A. = membrane surface area (sq ft)

TCF = UF Temperature Correction Factor normalized to 20°C

TOF = E—E‘.D:E'} = T—207) (2)

Where:
T = actual temperature (deg C)

Specific flux is a normalization of flux to actual feed pressure. Temperature corrected UF
specific flux is calculated from the temperature corrected flux and the actual feed pressure.

_ frmn
Iﬂm a Pfﬂsd (3)

Where:
Jspn = temperature corrected specific flux (gfd/psi)
Preed = feed pressure (psi)

TMP is the pressure differential across the membrane from feed to filtrate.

TMP = Pfaari - sz'!rrrzra (4)
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Where:
TMP = transmembrane pressure (psi)
Prilrate = filtrate pressure (psi)

Feed water recovery identifies how much filtrate is available to feed the RO system. It can be
calculated to varying degrees of accuracy depending on the time interval of interest. For example
instantaneous recovery during normal operation is 100 percent because there is no waste.
Alternatively waste can include waste from backwashes (hour time interval), backwashes and
maintenance washes (24 hour time interval), or backwashes, maintenance washes and CIPs (30
day time interval). For the purpose of this study, the time interval used is 24 hours.

Volumer,rare
Recovery = - )
Volume;__,

Where:
Volumeriirate = feed minus backwash and maintenance wash filtrate consumption
Volumereq = feed minus downtime for backwash, maintenance wash and pressure decay test

3.4.2 RO Data Normalization

RO data is normalized at 25°C, which is different from the standard UF temperature of 20°C.
There are several methods of RO data normalization. ASTM D4516-00 equation normalizes for a
reference flow and pressure as well as temperature shown as equation (6). Standard flow and
pressure are typically the day one or clean membrane operation values. Equation (6) is only
useful if comparing operation of one type of membrane over time or one type of membrane side
by side. Operation trends generated by operating different membrane types cannot be compared
using equation (6) because standard flow and pressure may be different among different types of

membranes.
Q’.!m — Pngts' . TCF_:.- (6)
Q’,:m Pnﬂrﬂ TE‘F&

Where:

Qpn = normalized permeate flow (gpm)

Qpa = actual permeate flow (gpm)

Pnets = net standard pressure (psi)

Preta = Net actual pressure (psi)

TCFs = RO Temperature Correction Factor at standard conditions (equals 1 using equation (7) at
25°C)

TCF, = RO Temperature Correction Factor at actual conditions normalized to 25°C

To effectively compare two different membrane products, specific flux presented in this report
was normalized to temperature only, using equations (7) and (8).
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TCF, =0.001+T*—0.0819+= T + 2.4273 (7)

RO flux normalized to temperature is shown only in equation (8).

o = 22 < 7CF, ®)

Where:
SA = actual surface area provided by the manufacturer

Like UF, specific flux is a normalization of flux to the actual feed pressure. Temperature
corrected RO specific flux is calculated from the temperature corrected flux and the actual net
pressure.

Jopm = 22 ©

netn

Actual net pressure is calculated using several pressure variables.

Ppota = P;— 0.5DP — P, —I.__ + 11, (10)

neta k-]

Where:
P = Feed Pressure (psi)
DP = Differential Pressure (psi)
P, = Permeate Pressure (assumed = 2 psi) (psi)
t.c = Feed-Concentrate Osmotic Pressure (psi)
p = Permeate Osmotic Pressure (assumed negligible because the permeate concentration is two
orders of magnitude less than the feed-concentrate concentration) (psi)

DP =P, —P, (11)
Where:
P. = Concentrate Pressure (psi)
mgy 11.6 psi
M. = Cr; (T) = (12)

10007 Nact,,,

Where:
Ct.c = Feed- Concentrate Average Concentration of total dissolved solids (TDS) (mg/L)

Cr—e (T) = Feedc,pauctiviey (;) * 061*]AF (13)
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Where:
IAF = Log Mean Average
1
In
AF — (1 — %Recmﬂer}] (14)
YRecovery

Where:
Recovery = Feed Water Recovery

YaRecovery = (1 - m) +100% (15)

Qfaari

Where:
Qconcentrate = Concentrate flow (gpm)
Qreed = Feed flow (gpm)

Global rejection or percent removal is a calculation that determines the removal of a constituent
based on the feed and permeate concentrations. Another method can be used which incorporates
the feed-concentrate average values to define rejection.

c
Removal = 1 — =2 (16)
Cs

Where:
C, = Permeate concentration
Cs = Feed concentration
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4.0

RESULTS AND DISCUSSION

Pilot Testing Report

The pilot plant operated over an 18-month period in 2008-09. This period spanned seasonal

changes, and was long enough to test various manufacturers’ systems.

A summary of the

planned and actual operation for each Trial is shown in Table 4-1, and a table detailing each Trial
is included in Appendix D.

Table 4-1. Trials Summary Table

Triall| Dates | EQ | Disinfection | Coagulation | UF1 UF2 RO RO
Basin Pass 1 Pass 2
1 | 6/27- | OFF | Continuous, 3|5 mg/L ferric, | Siemens| Norit | 7 elements, 50% recovery, OFF
10/8/08 mg/L NaOCI |coag/floc basin Siemens feed, 1 mg/L AS
2 | 11/4- | OFF | Continuous, 3 None Siemens| Norit | 7 elements, 50% recovery, OFF
12/19/08 mg/L NaOClI Siemens feed, 1 mg/L AS
3 | 1/7219- | OFF | Continuous, 3| 5 mg/L ferric | Siemens| Norit | 7 elements, 50% recovery, | TMG, pH 7, 87%
4/7/09 mg/L NaOCI | direct to Norit Norit feed, 1 mg/L AS recovery
4 | 5/20- | ON | Continuous, 4 None Siemens| Norit | 7 elements, 50% recovery, | TMG, pH 7, 87%
6/29/09 mg/L NaOClI blended feed, 1 mg/L AS recovery
5 | 7/24- | ON | Continuous, 2 None Siemens| Toray | 7 elements, 50% recovery,|CSM, pH 7, 87%
10/1/09 mg/L NaOClI Toray feed, 1 mg/L AS recovery
6 | 10/6- | ON |Shock, 5 mg/L None Siemens| Toray | 8 elements, 50% recovery,| CSM, pH 10,
11/14/09 NaOCI 2 hrs/d Toray feed, no AS 87% recov, 2
mg/L AS
7 | 11/16 - | ON |Shock, 5 mg/L None Siemens| Toray | 8 elements, 45% recovery,| TM7, pH 10-
12/18/09 NaOCI 2 hrs/d Toray feed, no AS 10.3, 87% recov,
2 mg/L AS

The following subsections summarize the results obtained during the pilot test.

4.1 Feed Water Quality

Source water for the pilot plant was diverted from MLPP’s cooling water system prior to
discharge back to the Monterey Bay. The source for MLPP’s cooling water system is the Moss
Landing Harbor, which is under the influence of several fresh water bodies, such as Elkhorn
Slough, Moro Cojo Slough and the Old Salinas River. The significance of the influence of these
fresh water sources on water quality is discussed as part of the feedwater characterization in this
section.

Table 4-2 summarizes the feed water quality over the operation of the pilot plant. The
concentrations of most compounds are common for seawater in this area. Some compounds
were seasonally affected by the freshwater influence during the rainy season, including TOC,
boron, turbidity, and conductivity.
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Table 4-2. Feed Water Quality Summary Table

# of
Samples/
# of Non-
Constituent U nit Median Max Detects
Nutrients and TOC
Ammonia as N mg/L <1.0 <10 11/11
Nitrite + Nitrate as N mg/L 21 2.2 21/16
Total Kjeldahl Nitrogenas N mg/L 14 22 18/0
Total Nitrogenas N mg/L 17 41 29/1
Total Phosphorous as P mg/L 0.082 0.18 37/12
Reactive Phosphorous - Filtered
(i.e., Orthophosphate) mg/L 0.050 0.15 39/1
Total Organic Carbon mg/L 17 5.9 59/34
Inorganics
Aluminum mg/L 0.6 15 38/30
Barium mg/L 0.013 0.029 37/32
Boron mg/L 438 6 30/0
Bromide mg/L 64 83 38/1
Calcium mg/L 390 468 38/0
Chloride mg/L 20,000 26,000 39/0
Copper mg/L 0.1 0.13 23/11
Fluoride mg/L <5.0 <5.0 39/39
Iron mg/L 0.73 13 43/41
Magnesium mg/L 1,200 1,400 37/0
Manganese mg/L 0.01 0.02 55/46
Potassium mg/L 369 480 38/0
Silicon mg/L 0.679 1.65 49/0
Sodium mg/L 9,890 14,200 37/0
Strontium mg/L 74 11 49/0
Sulfate mg/L 2,700 4,000 53/0
Zinc mg/L 0.0635 0.078 10/8
General
Bicarbonate Alkalinity as CaCOs mg/L 120 130 39/0
Hydroxide Alkalinity as CaCOs mg/L <5.0 <5.0 39/39
Total Alkalinity as CaCO3 mg/L 120 130 39/0
Total Suspended Solids (TSS) mg/L 70 100 13/1
Total Hardness as CaCOs mg/L 5,900 6,900 30/0
UV Absorbance @ 254 nm AU 0.0125 0.034 24/4
pH pH 7.73 8.82 247/0
Turbidity * NTU 8.47 12.58 cont.

*Since turbidity was measured continuously, the average and 95th percentile are listed in

the columns for median and max, respectively.

As discussed below in Section 4.1.1, TDS data was not analyzed, but was calculated from
conductivity.
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4.1.1 Conductivity and TDS

The conductivity of the pilot plant feed water behaved consistently over the course of the pilot
study, ranging from 43,000 to 50,000 S/cm. Figures showing the conductivity for the entire
pilot study can be found in Appendix E. During non-rainy periods, seawater dominated the pilot
plant feed with small diurnal variations related to the tide. These variations, an example of
which is shown in Figure 4-1, correspond to tidal action, with high tides bringing in more
seawater to the harbor leading to increased conductivity. There is a slight lag between the tides
and the pilot plant intake conductivity, due to the residence time in the cooling loop.
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Figure 4-1: Diurnal Effects on Raw Water Conductivity

Each rainy season (winter and spring), freshwater from Old Salinas River (via Moro Cojo
Slough) had a greater influence on the pilot plant feed water. During major rain events, the fresh
water lowered the overall conductivity by up to 5,000 Sm, but the greater effect was an
increase in the diurnal variations. The cause and effect relationship between rainfall and
conductivity can be seen in Figure 4-2.
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Figure 4-2: Effect of Rainfall on Raw Water Conductivity

The first three significant storms of the wet season occurred in mid January, early February, and
late February 2009. Rainfall data was collected from the California Irrigation Management
Information System (CIMIS) from the CASTROVL.A Station (CIMIS Station #19, Castroville,
CA). The CASTROVL.A station is located at 36° 46' North latitude and 121° 46" West longitude,
approximately 3 miles south of the MLPP.

For each storm event, the pilot plant feed conductivity demonstrated a wider diurnal pattern after
the rains begin, which persisted until the storm passed. In general, conductivity was higher
during the dry conditions and lower during the wet conditions.

While conductivity can be continuously monitored onsite, total dissolved solids (TDS) must be
analyzed in an external laboratory. CalAm identified problems with the way the analytical lab
was measuring TDS and stopped TDS analysis early in the project, using a prescribed ratio
instead, as specified by the manufacturer of the conductivity instruments (Mettler Toledo). The
ratio for seawater and brine is 0.60:1 TDS:conductivity, and the ratio for permeate is 0.48:1
TDS:conductivity.
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It should be noted that the TDS:conductivity ratio is site-specific, and the TDS:conductivity ratio
will need to be established empirically at the final full-scale site. The method for measuring TDS
should be carefully evaluated and controlled in order to obtain accurate measurements.

4.1.2 Turbidity

Significant variations in turbidity were measured between the wet and dry seasons. Figure 4-3
shows turbidity compared to the cumulative rainfall for each season. The rainfall was
accumulated for the purposes of this report starting on June 1, and was reset to zero the following
May 31. Rains fell in the months of October through May. Storm runoff increased turbidity
during large storm events, as seen during winter 2009. During dry seasons the turbidity was
generally below 10 NTU. During storm events the turbidity had spikes over 25 NTU. Early in
the project, the maximum analog signal from SCADA system was set at 10 NTU, causing the
“flatline” seen in Figure 4-3 between 6/1/2008 and 10/29/2008. The maximum set point was
adjusted to avoid the flatline effect.
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Figure 4-3: Effects of Rainfall on Turbidity
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4.1.3 Temperature

Seasonal variations in feed water temperature can be seen in Figure 4-4, especially between June
1, 2008 and March 28, 2009. The temperature was highest in the summer months and steadily
decreased in the winter and spring. The influent temperature was also highly dependent on the
operation of the power plant. When the power plant cooling loop was operating, the pilot plant
feed water temperatures were elevated to around 20°C to 30°C. When the power plant was
offline the temperature was closer to the ambient temperature of the Moss Landing Harbor,
around 10°C to 15°C.

Figure 4-4: Raw Water Temperature

Figure 4-5 demonstrates three different operational scenarios for the MLPP condensers and the
effect on the temperature of the water delivered to the pilot plant. The MLPP is not a baseload
plant, but rather is a peaking plant, meaning that it operates when the demand for electricity is
high. Typically, the condenser units are in use during the day and turned off at night, leading to
very large temperature variations in the pilot plant feedwater. The three conditions shown below
are:
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e Cycling condensers: all condenser units are on during the day and turned off at night.

e Minimal use: a few units are used during the day and are turned off at night.

e High use: all condenser units are on during the day and a few remain on through the
night.

There are any number of different scenarios that can be run, depending upon the local power
demands and the power plant operations. The variation in MLPP operations means that the feed
temperature to the pilot plant could vary by more than 15°C in one day.
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Figure 4-5: Raw Temperature, Power Plant Influence

4.1.4 Water Quality from Harbor vs. Power Plant Cooling Loop

The water temperature from Moss Landing Harbor is shown plotted against the temperature of
pilot plant feedwater (from the cooling loop) in Figure 4-6 for the entire project.
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Figure 4-6: Temperature in Harbor vs. Cooling Loop

As shown, the peak temperature of the cooling loop water is consistently 10°C to 15°C greater
than that of the harbor. The pilot plant intake temperatures are grab samples taken every four
hours, and the harbor temperatures are recorded as daily averages. The instances when the pilot
plant intake temperatures are lower than the harbor temperatures likely occur at night, when the
temperature is lower than the daily average and the condenser units are off.

There are several seasonal patterns that can be shown:

e During the rainy season, in January through March of 2009, the power demand was
relatively low, and the cooling loop was off on a nightly basis. Many of the nighttime
(lower) temperatures track closely with the harbor temperatures.

e When the climate was especially warm in August and September of 2009 and the power
demand was high, the cooling loop was almost never at the Moss Landing Harbor
ambient temperature.

Another difference in water quality between Moss Landing Harbor and the MLPP cooling loop is
the free chlorine. Free chlorine was measured in the pilot plant intake at trace levels throughout
the entire project, as shown in Figure 4-7.
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Figure 4-7: Chlorine in Cooling Loop

The power plant uses small amounts of chlorine for biofouling control within their cooling loop.
The raw water sampling point shows traces of free chlorine entering the pilot plant from the
power plant cooling loop. Generally, this concentration was less than 0.2 mg/L free chlorine, but
there were isolated times when it was higher. The grab samples shown in the Figure were taken
approximately three to four times per week, and therefore do not show all of the free chlorine
spikes that would be seen in continuous data. The high value in early October 2008 is an
example of an isolated event when chlorinated water was delivered from the cooling loop.

One concern related to this additional chlorination step is the potential for disinfection byproduct
formation. During the course of the pilot study, disinfection byproduct (DBP) objectives were
never exceeded, regardless of chlorine in the pilot plant feedwater. This is discussed further in
Section 4.2.2.

4.1.5 Algae

Algae concentration in the raw water (represented by chlorophyll) was monitored continuously
from February 2009 until the conclusion of the pilot study in December 2009. The fluorometer
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