


— PROPRIETARY CHEMICALS (PC :
| NaOH = Instrumentation Instrumentation
| NaHSOs ) S bols:
| ACID Key ymbors
A — Analyze
T Flow bod Ball valve
T | — Indicate ~J Butterfly valve
PERMEATE P — Pressure
e " S — Switch IDmon
STORAGE T — Transmit
—N—l MM| Mag meter
[ M- 5 \—[><]—‘ V
CIP PERMEATE RRAR
[z S
TANK X
No.1 N
/ @ O -
X ot 5 @ X
L — (O DN L MM | [ M1 >
CIP CONCENTRATE oo % CARTRIDGE e "
e — NaOH X X SLAKER
| NaHSO« S é
_ACID g g ) )
X X @ 5
> L (O DN | MM | [ w2 >
> CIP 2nd
vl | § o M
RRAL )
Ca(OH)2 _
CIP
TANK
No.2 - K>
HEATER g <
’ LIME SLURRY T
AGING TANK v
o TO OCEAN
OUTFALL
a0 T~ DUST ARRESTOR
L = CRIT DRAIN
FLOOR
DRAIN ,
Designed
J. Aleta
CIP SYSTEM LIME STORAGE
AND SLAKING Drawn
1. Venezia
Apr. 2009
FIG. 5: CLEAN IN PLACE AND LIME SYSTEM M—5
MARINA COAST WATER DISTRICT




L |

AN

DRAIN

SULFURIC
ACID
STORAGE
TANK

Instrumentation

Instrumentation

Symbols:

Keys:
A — Analyze
F— Flow
| — Indicate
P — Pressure
S — Switch
I — Transmit
% = == é
o i O
[ [
> z . &
DRAIN
— UW -
; M—1
T H2S04
= = é
| | I: o ﬁ
[ [
> L o %

DRAIN

SULFURIC ACID SYSTEM

% Diaphragm valve

>od Ball valve

\; Pressure control

~J Butterfly valve

_Ei Pressure relief

valve

E Calibration
column

Pulsation
dumpener

A

¥ Sight glass
}—v Strainer
i Chemical feed
pump

} Quick disconnect

=3 Diafragm seal

MM] Mag meter
Uv  Utility water

Trussell
Jesignec J. Aleta
Drawn

1. Veneziqa

RMC

Water & Environment

F1G. 6: SULFURIC ACID
CHEMICAL FEED SYSTEM
MARINA COAST WATER DISTRICT

Mar. 2009

M—0




Process Flow and Equipment Design for Desalination Facility

3. PROCESS DESIGN

The treatment processes have been sized assuming they will be on-line 90% of
the time. The initial design capacity is a permeate flow of 10 mgd (10,000 acre-
ft/yr, considering the on-line factor of 90%) with an ultimate capacity of 14 mgd
(14,100 acre-ft/yr). A second-pass RO system sized to treat 40% of the
permeate from the first-pass RO system is provided to ensure that acceptable
levels of boron, chloride, and sodium can be consistently achieved in the product
water. The second pass feedwater pH is also adjusted to increase the overall
boron rejection of the plant. Recycling concentrate from the second pass, as
proposed, reduces the required well extraction rates by 0.4 mgd in the first phase
and 0.6 mgd in the second phase. The corresponding supply required from the
brackish water wells is 24.3 mgd for the first phase and 32.4 mgd for the second
phase. The brine flow from the first-pass RO will be discharged into the existing
Monterey Regional Water Pollution Control Agency’s (MRWPCA) Regional
Treatment Plant’s ocean outfall. Flows and recoveries through the entire
treatment process are shown in Table 2. Equipment design details of each of
the proposed treatment processes are detailed in the following section.

Potential well production rates are also shown in Table 2. With the proposed
design, the current production per well ranges from 2.7 to 4.0 mgd depending on
the number of wells (6 to 9 wells for Phase |, and 8 to 12 wells for the ultimate
capacity — flows to be met with one well out of service). The actual flows from
the wells could vary approximately +10% depending on a variety of factors®. In
addition, variable frequency drives (VFD) are recommended for the well pumps,
so that the plant capacity can be properly adjusted to match the product water
demand.

% If the size of the second pass RO is increased or it is decided not to recycle the second pass
concentrate, the required well production volume could increase by as much as 10%. On the
other hand, if a higher first pass RO recovery is used (maximum of 50%), the required pump
capacity could decrease by 10%
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Table 2 — Process flows through the SWRO treatment system

Parameter Unit Phase I Ultimate
SWRO Facility Capacity
Design Production Flow mgd 10.5 14
Plant on-line factor % 90% 90%
Yearly Average product flow mgd 9.45 12.6
Overall Plant Recovery % 44% 44%
Blended Permeate Flow mgd 10.5 14.0
Production Wells
Overall well production mgd 23.9 31.8
Minimum number of wells wells 6 8
Maximum number of wells wells 9 12
Flow per well (minimum wells) mgd 4.0 4.0
Flow per well (maximum wells) mgd 2.7 2.7
Source Water
Source Water Flow from Wells mgd 23.9 31.8
Recycle flow from 2nd pass concentrate mgd 0.4 0.6
First Pass RO System
First Pass SWRO Recovery % 45% 45%
First Pass SWRO Feed Water Flow?® mgd 24.3 32.4
First Pass SWRO Brine Flow mgd 13.4 17.8
First Pass SWRO Permeate Flow mgd 10.9 14.6
Number of RO Trains trains 3 4
Number of RO Trains on standby trains 0 0
Design Influent Flow per Train mgd 8.1 8.1
Design Product Flow per Train mgd 3.5 3.5
Second Pass RO System
Percent Flow through Second Pass % 40% 40%
Second Pass RO Recovery % 90% 90%
Second Pass RO Feed Water Flow mgd 4.4 5.8
Second Pass RO Concentrate mgd 0.4 0.6
Second Pass RO Permeate Flow mgd 3.9 5.2
Number of RO Trains trains 3 4
Number of RO Trains on standby trains 0 0
Design Influent Flow per Train mgd 1.5 1.5
Design Product Flow per Train mgd 1.3 1.3
? Includes recycled concentrate from second pass RO
TRUSSELL TECHNOLOGIES, INC. PAGE 14



Process Flow and Equipment Design for Desalination Facility

3.1 RO Pretreatment

Reverse osmosis feed water pretreatment is necessary to protect the
membranes, while maximizing the membrane performance. The pretreatment for
the first RO pass includes space for a potential UV disinfection system (if
biofouling is found to be an issue in the future), threshold inhibitor addition, space
for acid addition to prevent scaling, and cartridge filtration to protect the
membrane from particulate debris. Threshold inhibitor addition and pH
adjustment (caustic addition for increased boron rejection) also are included prior
to the second RO pass.

UV pretreatment for biofouling control

Membrane biofouling is one of the most significant issues affecting the cost of
operating desalination membranes. Microbes can attach and grow on the
membrane surfaces, decreasing membrane flux and increasing the need for
cleaning the membrane. For treatment facilities that draw directly from the
ocean, pretreatment to prevent biofouling is necessary. Special provisions for
biofouling control are not normally necessary for inland brackish water RO
facilities. For coastal desalination plants like the proposed GWRO facility, which
extract groundwater that originated as seawater, requirements for biofouling
control vary from one case to the next, depending on the water quality.

Based on the water quality data from the old MCWD desalination facility and an
understanding that the new extraction wells will draw from a location
approximately 1500 ft inland from the old wells and from a depth of between 200
to 300 ft, it is not expected that biofouling will be a problem at the proposed
GWRO facility. However, until more data are collected or until the plant is in
operation, the actual degree to which biofouling will be a problem is unknown.
Because it is a possibility that membrane biofouling will be a problem during
future operation, it is proposed that adequate space be provided for future
addition of UV reactors prior to the other RO pretreatment processes.

In addition, the option of using a UV reactor prior to the RO for both biofouling
prevention and pathogen inactivation for LT2ESWTR compliance was explored.
Having the UV serve both purposes would provide cost savings benefits, but the
UV doses currently accepted for pathogen inactivation under the LT2ESWTR are
only for UV systems placed after filtration. Given enough time, it may be possible
to demonstrate to CDPH an acceptable UV dose to achieve pathogen reduction
prior to filtration for the SWRO facility. Unfortunately, a study like this would be
lengthy and cause delays for the plant startup. Because MCWD aims to have
this plant online by the end of 2011, this sort of validation is not recommended.

If a UV system is needed, a medium-pressure high-output (MPHO) lamp system
is recommended due to the relatively high volume of flow. A UV dose of 40
mJ/cm?, a dose commonly used to control biofouling, is recommended. No
additional UV reactors will need to be installed as part of the Ultimate phase
since the intensity of each reactor can be varied to match the flow. At lower flow
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rates the electricity costs would be less expensive than at the ultimate flow rate.
Design specifications for a UV system that could be used for RO pretreatment

are shown in Table 3.

Table 3 — Potential UV pretreatment for biofouling control

Phase I and

Parameter Units Ultimate
Design Parameters
Maximum Design Flow mgd 32.4
Minimum UV Dose mJ/cm? 40
Minimum UVT @ 254 nm % 85
Equipment
Manufacturer -- TrojanUV
Model -- UVSwift 6L24
Material -- 316L SS
Lamp Type -- MPHO
Number of Lamps lamps 6
Cleaning System -- Automatic
Reactor Units
Total Units reactors 4
Duty reactors 3
Standby reactors 1
Max Flow per reactor mgd 10.8
Power Requirements
Power kW/reactor 57.5
Voltage volts 480
Frequency hz 50/60
Power Transmission -- 3 phase
Operating Conditions
Maximum Iron Content mg/L 0.5
Maximum Temperature °C 40
Maximum Pressure psig 150
Head Loss at peak flow ft 0.39
Reactor Dimensions
Length ft 2.9
Width ft 4.5
Height ft 2.7
Flange in 24
Control Panel Dimensions
Location -- stand alone
Width ft 7.8
Height ft 7.2
Depth ft 2.0

Threshold Inhibitor and pH adjustment

The addition of a threshold inhibitor is proposed to prevent the formation of
scales under saturated or super-saturated conditions, allowing stable operation
at higher RO recovery rates. The exact composition of commercial threshold
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inhibitors is difficult to obtain because they are proprietary. However, many
common threshold inhibitors consist of molecules that contain carboxylic (-
COOH) or phosphate functional groups (e.g. sodium hexametaphosphate,

polyphosphonates). Typical doses varies between 2-5 mg/L, depending on the

raw water quality. Considering operational recovery, the brine will contain
approximately 4 to 10 mg/L of the threshold inhibitor. Fortunately, most
antiscalants bind with divalent ions (e.g. Ca?*) and thus become inert when the

brine is discharged into the environment.

Threshold inhibitor is added in liquid form to both the raw water as it enters the
treatment site and the second pass feed water flow upstream of the RO
membranes. The design details and equipment necessary for the threshold

inhibitor system are shown in Table 4.

Table 4 — Threshold inhibitor chemical feed system

Parameter Units Phase I Ultimate
Solution
Strength % 100% 100%
Specific Gravity na 1.05 1.05
Unit weight Ib/gal 8.76 8.76
Dose - 1st pass
Average mg/L 3 3
Maximum mg/L 6 6
Dose - 2nd pass
Average mg/L 3 3
Maximum mg/L 6 6
Feed rate - 1st pass mgd 24.3 324
Average Ib/d 608 811
Average gpd 69 93
Average gph 29 3.9
Maximum Ib/d 1,216 1,622
Maximum gpd 139 185
Maximum gph 5.8 7.7
Pumps, 1st pass number
Total number 2 2
Duty number 1 1
Standby number 1 1
Type - Hydraulic diaphragm  Hydraulic diaphragm
Capacity - min gph 1.0 1.0
Capacity - max gph 7.7 7.7
Discharge pressure psig 70
Motor size hp 1/2 1/2
Feed rate - 2nd pass mgd 4.4 5.8
Average Ib/d 109 146
Average gpd 13 17
Average gph 0.5 0.7
Maximum Ib/d 219 292
Maximum gpd 25 33
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Parameter Units Phase I Ultimate
Maximum gph 1.0 14
Pumps, 2nd pass number

Total number 2 2

Duty number 1 1

Standby number 1 1
Type - Hydraulic diaphragm  Hydraulic diaphragm
Capacity - min gph 0.2 0.2
Capacity - max gph 1.4 1.4
Discharge pressure psig 70 70
Motor size hp 1/2 1/2

Threshold inhibitor storage tank
Required capacity for 30

days storage gal 2,458 3,278
Required capacity for 15
days at peak dose gal 2,458 3,278
Material na HDPE HDPE
Tanks number 1 1
Tank capacity gal 6,000 6,000
Storage provided days 73 55
Dimensions -
Diameter ft 8.5 8.5
Height ft 16 16

Depending upon field operational conditions, the addition of sulfuric acid may be
used as an alternative or as a supplement for scale control. Preliminary design
details and chemical feed equipment necessary for a sulfuric acid system are
shown in Table 5. The information presented in Table 5 is for planning purposes
so that an area can be set aside for future equipment should acid addition be
installed after the plant is operational.
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Table 5§ — Sulfuric acid chemical feed system

Parameter Units Phase I Ultimate
Chemical data
Strength % 93% 93%
Specific gravity na 1.84 1.84
H,SO, @ 100 % strength Ib/gal 15.30 15.30
H,SO4 @ 93 % strength Ib/gal 14.26 14.26
Dose of H,SO4 mg/L 74 74
Flow to be treated mgd 24.3 35.87
Feed rate Ib/day 14,997 22,138
Feed rate gph 43.8 64.7
H,S0, storage tank
Required capacity for 30d gal 31,550 46,573
Material na steel steel
Tanks number 2 3
Tank alignment na horizontal horizontal
Tank provided, capacity
each tank gal 15,000 15,000
Total capacity provided gal 30,000 45,000
Dimensions -
Diameter ft 12 12
Length ft ~16 ~16
Metering pumps
Total number 3 4
Duty number 2 3
Standby number 1 1
hydraulic hydraulic
Type na diaphragm diaphragm
Capacity gph 22 22
Motor size hp 3/4 3/4

The pH of the product water from the first pass is expected to be low (~5).
Because ion removal and in particular boron rejection is enhanced at an elevated
pH levels (~9), pH adjustment is recommended for the portion of the product flow
that will be treated by the partial second pass. Sodium hydroxide (aka caustic) is
proposed to be added to the influent stream of the second pass to raise the pH
from ~5 to ~9. Design details and chemical feed equipment necessary for the
NaOH system are shown in Table 6.

TRUSSELL TECHNOLOGIES, INC.

PAGE 19



Process Flow and Equipment Design for Desalination Facility

Table 6 — Sodium hydroxide chemical feed system

Parameter Units Phase I Ultimate
Chemical data
Strength % 25% 25%
Specific gravity na 1.27 1.27
NaOH @ 100 % strength Ib/gal 10.59 10.59
Application
Location na 2nd pass feed 2nd pass feed
2nd pass feed flow rate mgd 4.38 5.83
Dose of NaOH - average mg/L 20 20
Feed rate Ib/d 730 973
Feed rate gpd 276 367
Feed rate gph 30.4 40.5
Dose of NaOH - maximum mg/L 25 25
Feed rate Ib/d 912 1216
Feed rate gpd 344 459
Feed rate gph 38.0 50.7
NaOH storage tank
Required capacity for 30 days
storage gal 8,268 11,024
Required capacity for 15 days at
peak dose na 5,167 6,890
Material na Steel Steel
Tanks number 1 1
Tank capacity gal 15,000 15,000
Dimensions -
Diameter ft 13 13
Height ft 15 15
Recirculating pump
Pumps number 1+1 1+1
Capacity gpm 20 20
Type na centrifugal centrifugal
Motor size hp 1 1
Tank turn overs per day number 2 2
Metering pumps
Total number 2 2
Duty number 1 1
Standby number 1 1
hydraulic hydraulic
Type na diaphragm diaphragm
Diaphragm material na stainless steel stainless steel
Capacity - min gph 30.4 30.4
Capacity - max gph 50.7 50.7
Motor size hp 1 1
TRUSSELL TECHNOLOGIES, INC. PAGE 20



Process Flow and Equipment Design for Desalination Facility

Cartridge filtration

Cartridge filtration is recommended as a final particle barrier located immediately
upstream of the first pass RO to protect the membranes from any particulate
debris in the intake water. These disposable cartridges last between three and
six months, after which they are disposed of as solid waste. Design details for
the cartridge filters are shown in Table 7.

Table 7 — Cartridge filters

Parameter Units Phase I Ultimate
Rating micron 5 5
Materials -
Housing na fiberglass fiberglass
Filter na polypropylene polypropylene
Total number 8 10
Duty number 6 8
Standby number 2 2
Design flow, per vessel mgd 4.05 4.05
Hydraulic Capacity, per
vessel mgd 5.44 5.44
Filter length inches 40 40
Filters per vessel number 189 189
Pressure -
Differential - clean psi 2 2
Differential - dirty psi 15 15

3.2 Reverse Osmosis System

Reverse osmosis membranes are proposed for treating the groundwater. Three
3.5 mgd parallel trains are proposed for the Phase | of the treatment plant. When
the plant is expanded to 14 mgd, one additional 3.5 mgd skid will be added to the
facility. In general, each train has dedicated pumping facilities and other support
systems, while some systems are shared, as discussed below. Bypasses are
included to allow for operational flexibility.

First and second pass RO membranes

The reverse osmosis system is the core of the groundwater desalination plant, as
it removes the dissolved solids from the feedwater. The proposed design
consists of two RO passes. The first pass treats the entire plant feedwater and
removes the majority of the dissolved solids, while the second pass treats a
portion of the first pass product water (or first pass permeate) and is needed to
meet the TDS, chloride and boron product water quality goals outlined in TM3.
TM3 also includes an analysis of overall system performance based on the type
of RO membrane selected and the size of the second pass. Based on the water
quality information available and the design assumptions made (e.g. the use of
high boron rejection membranes), the analysis showed that depending on the
selected RO manufacturer’'s membranes a 40% second pass might be sufficient
for the SWRO facility to meet the water quality goals. Furthermore, when the
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feedwater temperature is low and the membranes are new, the rejection of
dissolved solids will increase and the flow through the second pass could be
reduced.

The proposed first pass consists of three trains, each containing at least 150
pressure vessels. Each pressure vessel contains seven 8-inch seawater high
boron rejection RO membranes. Ten percent of spare space also will be included
on each train. Each RO train will have a dedicated high-pressure feed pump and
dedicated energy recovery device train. For the purpose of this predesign, the
energy recovery devices chosen are the pressure exchangers manufactured by
Energy Recovery, Inc. (ERI) and are supported by a variable speed booster
pump. Other available technologies include the Dual Work Exchanger Energy
Recovery (DWEER) manufactured by Calder AG.

The proposed second pass also consists of three trains, each containing at least
30 pressure vessels. Each pressure vessels contains seven 8-inch brackish
water high boron rejection RO membranes. In addition, each train will have a
dedicated variable speed high-pressure pump.

Typical recoveries for RO membranes range from 45 to 50 percent for seawater
and vary widely for brackish water, depending upon water quality (Mallevialle
1996). Conservative recoveries were selected for designing this treatment
system as the specific water quality and membrane types are unknown at this
time. A recovery of 45 percent was selected for the first pass, and 90 percent
was selected for the second pass. Because the second pass feedwater is RO
permeate and has a lower TDS feedwater and fouling potential, as compared to
the first, it was also designed at a higher average flux rate (18 gfd compared to 9
gfd for the first pass RO). Train sizing is based on an online factor of 90 percent,
as listed in Table 2. Design details and the list of equipment for the RO systems
are shown in Table 8. The equipment data sheets prepared for this project and
compiled in TM 5 include representative RO model projections and provide more
detailed RO design parameters and RO feedwater quality assumptions.
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Table 8 — First and Second Pass RO systems

Parameter Units Phase I Ultimate
First Pass Membrane System
Design Process Feed Flow mgd 24.3 32.4
Design SWRO Permeate Flow mgd 10.9 14.6
Process Skids number 3 4
Permefate Capacity per Skid - (normal mad 3.6 3.6
operation)
Design Flux Rate gfd 9 9
Design Recovery % 45% 45%
Vessels per train number 150 150
Membrane Material -- Polyamide Polyamide
Seawater Seawater
High Boron High Boron
Membrane Type rejection rejection
membranes membranes
Membrane Element Diameter inches 8 8
Membrane Elements per Vessel number 7 7
Brln_e Flow at Design Production and mgd 13.4 17.8
Design Recovery
Second Pass Membrane System
nd
RC‘)I’otaI Process Feed Flow to 2™ Pass mgd 4.4 5.8
Process Skids number 3 4
Design Flux Rate gfd 18 18
Design Recovery % 90% 90%
Pe_rmeate Capacity per Skid - mad 1.3 1.3
maximum
Membrane Array -- 2:1 2:1
# vesse_ls stage 1/# vessels stage 2 20:10 20:10
per train/# per train
Membrane Material -- Polyamide Polyamide
Brackish Brackish
water high water high
Membrane Type boron boron
rejection rejection
membranes membranes
Membrane Element Diameter inches 8 8
Membrane Elements per Vessel number 7 7
Concentrate Recycle Flow (to 1st pass mgd 0.44 0.58

feed)

Energy recovery

To reduce energy costs in RO membrane systems, residual energy is harnessed

from the concentrate stream through the use of a pressure exchanger.

Operating pressure for RO systems is based on total system losses. The largest
pressure loss through the system is through overcoming the osmotic pressure
gradient, which must be done to separate salts from the bulk fluid and force flow
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through the membrane surface. The osmotic pressure gradient is dependant
upon influent water quality (i.e. TDS). Thus, the pressure required for RO
systems treating seawater is much higher than that required for treating brackish
water. The membranes proposed for the first pass are seawater membranes,
which require a high pressure gradient from which energy can be recovered.

The membranes proposed for the second pass are brackish water membranes
that required a lower pressure gradient, thus not much excess energy is available
to recover from the second pass.

Unlike the permeate stream, the concentrate stream remains at a relatively high
pressure as this flow stream is on high-pressure side of the membrane, along
with the influent flow. A pressure exchanger is used to recover the excess
residual pressure from the concentrate stream prior to disposal. This recovered
energy is then used to boost a portion of the influent flow through the
membranes, thus reducing the overall external energy required for the system.
The ERI pressure exchangers selected for this predesign are more than 95
percent efficient, meaning they recover more than 95 percent of the energy in the
concentrate stream and return it to the RO influent stream. The proposed energy
recovery system supporting the first pass RO consists of 14 energy recovery
devices (PX 260) per RO train. Proposed operating conditions for the PX-260
units, manufactured by Energy Recovery, Inc. (ERI), along with the design
criteria for the booster pumps are listed in Table 9. The equipment data sheets
prepared for this project and compiled in TM 5 include three model projections
from ERI.
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Table 9 — Energy recovery system and Variable Speed Booster Pump

Parameter Units Phase I Ultimate
Energy Recovery Device
Model na ERI PX-260 ERI PX-260
Number of PX Units per train number 14 14
Duty number 14 14
Standby number 0 0
Number per train number 3 4
Capacity per PX gpm 220-260 220-260
Design flow per PX Unit gpm 221 221
Total Number of PX units number 42 56
Portion of total RO frist Pass Feed
flow sent to PX trains % 55% 55%
PX Lubrication per train gpm 2 2
PX lubrication flow per train % 0.10% 0.10%
Differential Pressure Hp side psi 9.2 9.2
Differential Pressure LP side psi 9.3 9.3
PX efficiency % 97.90% 97.90%
PX mixing at membrane feed % 2.90% 2.90%
Operating capacity % 85.10% 85.10%
PX Power Savings per train HP 1800 1800
Flow per train
3094 3094
Seawater Feed to PX gpm (2644-3232) (2644-3232)
Seawater flow from PX to Booster
pump gpm 3094 3094
Brine flow to PX gpm 3096 3096
Brine flow from PX gpm 3096 3096
Booster Pump Units Phase I Ultimate
Type na Centrifugal Centrifugal
Single Stage
Single Stage Vertical
Configuration na Vertical Inline Inline
Total per train number 2 2
Duty number 1 1
Shelf spare number 1 1
Portion of total flow, per pump % About 55% About 55%
3096 3096
Design flow, per pump gpm (2644-3232) (2644-3232)
TDH ft 138 138
Motor size hp 50 50
Control type na VFD VFD
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High-Pressure Pumps

High-pressure membrane feed pumps are required to pressurize the influent
water sufficiently so that it can pass through the RO membranes. The GWRO
treatment train is a two-pass configuration, which requires high-pressure pumps
upstream of each RO pass. The first pass high pressure pumps require about 50
psi of pressure on the suction side. The incoming water will be pressurized by the
well pumps, and will provide sufficient pressure to meet the high-pressure pump
suction requirements.

For a given array configuration and membrane element, the RO feed pressure
requirement will vary with some of the following parameters:

- Feedwater temperature

- Membrane age or fouling condition

- RO operating parameters (permeate flow, flux, recovery)

- Feedwater quality (TDS concentration)

For a given feedwater TDS concentration and system recovery, the parameters
that most influence the pressure requirement are the age of the membrane with
its associated degree of fouling and the feedwater temperature. Sensitivity
analyses were performed for three membrane manufacturers, two feedwater
temperatures and two membrane ages to determine the range of the RO feed
pressures (and flow when the recovery is changed from 45 to 50%) needed for
each system. The result of these analysis shows that the first pass RO feed
pump should be able to provide a pressure boost ranging from 840 to 1070 psi
(for a flowrate ranging from 5280 to 5880 gpm) and the second pass RO feed
pump may require a boost ranging from 170 to 320 psi (for a flowrate of 2160
gpm), depending upon the specific membrane type and manufacturer selected.
The equipment data sheets prepared for this project and compiled in TM 5
include representative RO model projections and lists the corresponding RO
design parameters and RO feedwater quality assumptions. These projections
take into account the use of energy recovery devices by assuming a 3% increase
in salt content from the raw water to the RO first pass feedwater. The projections
also assume that the second pass concentrate is recycled to the head of the
plant. The projections were made with the water quality information available at
the time and will need to be revised when more water quality data is available
from the results of the on-going sampling plan.

Based on the result of this analysis and the plant hydraulics, the first and second

pass RO feed pumps were sized. Details of the required high-pressure pumps
are presented on Table 10.
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Table 10 - RO membrane feed system

Parameter Units Phase I Ultimate
First Pass® number
Duty number 3 4
Standby number 1 1
Centrifugal Centrifugal
Pump type na multistage split multistage
case split case
Configuration na Horizontal Horizontal
Pump inlet pressure® psi 50 50
Duty operating conditions®
Capacity gpm 2650 2650
Pressure psi 950 950
Motor size hp 2040 2040
Control type na VFD VFD
Second Pass® number
Duty number 3 4
Standby number 1 1
Pump type na Tur.bine Tur_bine
multistage multistage
Configuration na Vertical Vertical
Duty operating conditions®
Capacity gpm 1080 1080
Pressure psi 280 280
Motor size hp 275 275
Control type na VFD VFD

@ An energy recovery system is proposed for the first pass. The flows and
pressures listed in this table are estimated based on the membrane requirements,
the energy recovery system requirements, and estimated minor losses. The final
pump operation points are to be determined in concert with the energy recovery
system vendor, the membrane vendor, and calculated minor losses.

P Inlet pressure assumed to be supplied by the well pumps.

¢ Duty operation is the operation point estimated to be the most common operating

point. Two other operating conditions must be considered in final pump selection:
1) high pressure, low flow; 2) low pressure, high flow. Operating conditions are
specific to the membrane type and manufacturer. These operating conditions are
applicable to a high boron rejection membrane. Minor losses were estimated at 5
psi.

9The size of the second pass is based on the ability of the membranes to meet
water quality goals. The values presented in this table are based on using high
boron rejection membranes that require only 40% of the first pass flow to be
treated to meet water quality goals. The percent required to be treated in the
second pass may vary from 40 - 80%, based on the specific membranes selected.
Energy recovery is not proposed for the second pass.
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RO Break tank

In the two-pass system proposed for groundwater treatment, a break tank is
provided following the first pass for flow matching between the first and second
passes. The break tank is sized to accommodate approximately 20 minutes of
flow and is used as the water source for the second pass. Details of the
minimum size break tank required are presented in Table 11.

Table 11 — RO break tank

Parameter Units Phase 1 Ultimate
Peak Flow to Tank mgd 10.9 14.6
Detention Time at Peak Flow min 26.7 20
Tank Volume gal 203,000 203,000
Construction Material -- Concrete Concrete
Dimensions
Depth - overall ft 18.5 18.5
Depth - water ft 16.5 16.5
Width ft 29 29
Length ft 57 57

3.3 Membrane Cleaning

The membranes need to be cleaned and flushed on a regular basis to maintain
optimum treatment performance. This is accomplished through dedicated
flushing and cleaning systems, which are described in this section.

Flush System

The primary function of the flush system is to flush out residual raw water and
concentrate following train shutdown by pumping permeate water through the
feed/concentrate side of the membranes. The flush system also serves as a
gravity flow drawback tank replacing permeate that flows back through the
membrane via natural osmosis following train shutdown. The flush systems are
sized so that one tank can flush each RO train in series. The flush tank is
proposed to be located beneath the membrane skids, so backpressure on the
membrane elements is not anticipated to be a problem; no height restrictions for
the flush tank are necessary. Should the flush tank be located on the same floor
as the membranes, the height of the tank should be limited to 12 ft to prevent
excessive backpressure on the membrane elements. Details of the membrane
flush system, and the minimum size tank required, are presented in Table 12.
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Table 12 — Membrane flush system

Parameter Units Phase I Ultimate
Flush Tank
Tank Volume gal 150,000 150,000
Construction Material -- Concrete Concrete
Dimensions
Depth - overall ft 18.5 18.5
Depth - water ft 16.5 16.5
Width ft 40 40
Length ft 30 30
First-Pass Flush Pump
First Pass Pumps (Total) number 2 2
Duty number 1 1
Standby number 1 1
Pump type na centrifugal centrifugal
Configurations na horizontal horizontal
Capacity gpm 1,300 1,300
TDH (estimated) ft 70 70
Motor size hp 40 40
constant constant
Control type na speed speed
Second-Pass Flush Pump
Second Pass Pumps
(Total) number 2 2
Duty number 1 1
Standby number 1 1
Pump type na centrifugal centrifugal
Configurations na horizontal horizontal
Capacity gpm 1,215 1,215
TDH - estimated ft 35 35
Motor size hp 20 20
constant constant
Control type na speed speed

Cleaning System

Over time, as the membranes foul, the pressure required to achieve the same
recovery will increase. Membrane cleaning is intended to remove some of the
foulants and restore the membrane permeability to near initial condition (as some
fouling is permanent, total restoration is not feasible). The cleaning process
occurs in place, with cleaning solution pumped to and from the cleaning vessels.
As this is an infrequent occurrence, generally once or twice a year, most of the
chemicals necessary for a cleaning event are not stored on site, but are ordered
specifically for a cleaning event. Details of the cleaning system are shown in

Table 13.
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Parameter Units Phase I Ultimate
Tank
Total tanks number 2 2
Type na FRP FRP
Membrane vessels per train, 1% pass number 166 166
Elements per vessel number 6 6
Total elements per 1% pass train number 996 996
Cleaning solution volume per element gal 10 10
Volume required to soak elements gal 9,960 9,960
Additional system volume % 30% 30%
Volume required gal 12,948 12,948
Tank capacity (per tank) gal 15,000 15,000
Dimensions -
Diameter ft 12 12
Height ft 19 19
Circulation pumps 2 2
Total number 2 2
Duty number 1 1
Shelf spare number 1 1
Type na centrifugal centrifugal
Configuration na horizontal horizontal
Capacity - 10 minutes to fill system gpm 1300 1300
TDH ft 145 145
Motor size hp 59 59
constant constant
Control type na speed speed
Heaters -
Total number 2 2
Duty number 1 1
Standby number 1 1
Capacity kW 150 150
Service voltage volts 480 480

3.3 Disinfection

Ranges of pathogen inactivation/removal required by CDPH for various drinking
water sources are shown in Table 14. The requirements vary based on the
water type (surface water/GWUDI versus groundwater’), and if the source water
is determined to be GWUDI, the level of microbial contamination observed
through 2 years of monitoring as part of the LT2ESWTR. For groundwater
sources not classified as GWUDI, there are no removal requirements for Giardia
and Cryptosporidum, only requirements for virus removal (dependent on the

3 Groundwater not classified as GWUDI. Source waters classified as GWUDI are treated the
same as surface waters.
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source water quality). For surface waters and groundwater sources classified as
GWUDI, a minimum level of treatment is required, regardless of water quality.
Depending on the concentrations of Giardia and Cryptosporidum observed
during the LT2ESWTR testing, the required removal could range to the maximum
values stated in Table 14. Because a GWUDI determination for SWRO has not
yet been made and there is no monitoring data for Giardia and Cryptosporidum
from the groundwater source, this design assumes a worst-case scenario and
provides treatment to meet the maximum requirements for a GWUDI source.

Table 14 — Pathogen removal/inactivation requirements for drinking water
treatment

Surface Water/GWUDI Groundwater

Parameter Units Minimum Maximum Minimum Maximum
Giardia log 3 5 no removal requirement
Cryptosporidium log 2 5.5 no removal requirement
Viruses log 4 6 no removal 4

requirement

Different treatment technologies receive different removal/inactivation credits for
different organisms. Relatively low CT values (chlorine residual multiplied by the
contact time) are required for high virus inactivation, and moderate CT values are
needed for Giardia removal, but because Cryptosporidium is highly resistant to
chlorine, no Cryptosporidium disinfection credit is given for chlorine. UV is very
effective in inactivating Cryptosporidium and Giardia, but less effective for virus
inactivation. RO membranes are effective at removing Giardia, Cryptosporidum,
and viruses (2-log credit as shown in Table 15).

If a decision is made by CDPH to not classify the groundwater source as GWUDI
before the SWRO facility is constructed, the UV system can be eliminated from
the design, as the required pathogen reductions could be met through the RO
system and chlorine disinfection alone. If the GWUDI determination is made
after construction and the source water is not GWUDI, the UV system could be
shutdown to save on operating costs. On the other hand, if the source water is
determined to be GWUDI, then the proposed UV system would be needed and
the maximum treatment shown in Table 13 would be required*.

The strategy used to meet the maximum required pathogen removal under the
LT2SWTR is to use a multi-barrier approach and use both UV and chlorine
disinfection; UV disinfection for Giardia and Cryptosporidium control (3 and 3.5
log respectively) and chlorine disinfection for 4 log virus inactivation (Table 15).
Design details for both of these disinfection systems follow.

* For a GWUDI source water, the LT2ESWTR requires 2 years of monitoring to determine the
level of microbial contamination. If after this testing, the microbial contamination is found to be
minimal, the removal/inactivation requirements could be decreased. The UV system would still
be needed to meet even the minimum requirements for a GWUDI, as shown in Table 13, but the
required UV dose (and thus the operating costs) could be reduced,
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Table 15 - Pathogen removal and inactivation in proposed GWRO design by
process

Process Pathogen log removal
Giardia Cryptosporidium Viruses
Pretreatment - - -
RO membranes® 2 2 2
UV disinfection 3 3.5 -
Chlorine disinfection - - 4
Total 5 5.5 6

@ The log removal credits for the first pass RO membranes (seawater type) could potentially be
increased through demonstration testing, but this was not included due to the time constraints of
the project.

UV Disinfection

The UV system dose selected for this design is 15 mJ/cm?, which is the required
dose to achieve 3.5 log Cryptosporidium inactivation, and is a dose that also
exceeds the required dose for 3 log Giardia inactivation (Table 16). A
conservative UV transmittance (UVT) of 95% was selected for this design, which
is the expected worst-case percentage of light that would pass through the water,
and is based on the water quality.

Table 16 -- UV dose required for inactivation credit for Cryptosporidium and
Giardia®

Log inactivation credit UV Dose mJ/cm?
Cryptosporidium Giardia
20 5.8 5.2
25 8.5 7.7
3.0 12 11
3.5 15 15
4.0 22 22

@ From Federal Register (2006). Tabulated values for UV light at a wavelength of 254 nm
delivered by a low pressure UV lamp. Treatment credits for other lamp types may be determined
through validation testing.

Both medium-pressure high-output (MPHO) and low-pressure high-output
(LPHO) system options were considered for this design. The LPHO system has
a higher capital cost and maintenance costs (more lamp replacements), but uses
16% less energy than the MPHO system (15.1 kW versus 18.0 kW). Due to the
reactor sizing available, no additional reactors will be needed when the plant is
upgraded to the ultimate capacity for the LPHO system. For the MPHO system,
it is possible to use 2 duty plus 1 standby reactor for the intial capacity®, and then
add a third unit for the ultimate capacity. The power can be adjusted to produce
the necessary UV intensity to match the flow rate for both lamp systems.
Specific design criteria and equipment for the both LPHO and MPHO UV system
are listed in Table 17.

®Itis possible for Trojan to validate the flow of 10.5 instead of 10.4 mgd (i.e. 5.2 mgd capacity per
reactor x 2 reactors), through two units by assuming a UVT slightly higher than 95%. The actual
UVT is expected to be closer to 98%.
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Table 17 — LPHO and MPHO UV disinfection system options for Phase | and
Ultimate Capacity®

Parameter Units LPHO Option MPHO Option
Design Parameters
Maximum Design Flow mgd 15.5 15.5
Minimum UV Dose mJ/cm? 15 15
Minimum UVT @ 254 nm % 95 95
Equipment
Manufacturer -- TrojanUV TrojanUV
Model -- SwiftSC D30 Swift 2L12
Material -- 316L SS 316L SS
Lamp Type -- LPHO MPHO
Number of Lamps Lamps/unit 30 2
Cleaning System -- Automatic Automatic
Reactor Units
Total Units reactors 3 4
Duty reactors 2 3
Standby reactors 1 1
Max Flow per reactor mgd 7.75 5.2
Power Requirements -
Power kW/reactor 7.56 6.0
Voltage volts 208-240 240
Frequency hz 60 60
Power Transmission -- 1 phase 3 phase
Operating Conditions
Maximum Iron Content mg/L 0.5 0.5
Maximum Temperature °C 40 40
Maximum Pressure psig 150 150
Head Loss at peak flow ft 1.83 1.11
Reactor Dimensions
Length ft 5.9 1.7
Width ft 2.2 3.0
Height ft 3.3 1.6
Flange in 20 12
Control Panel Dimensions
Location -- wall mount wall mount
Width ft 3.0 3.0
Height ft 4.0 4.0
Depth ft 1.5 1.5

®Note that for the MPHO option, only 2 duty reactors plus 1 standby would be needed for the
Phase | capacity and one additional reactor could be used to meet the ultimate capacity.

Chlorine disinfection

Chlorine, fed as sodium hypochlorite (NaOCI), is proposed for 4-log virus
inactivation, as shown in Table 15. The required CT for meeting virus inactivation
is based on water temperature; the colder the water, the higher the CT. The low
water temperature reported for the source water was 12°C (Table 1). Based on
these reported water temperatures, the CT required for 4-log virus inactivation is
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5.2 mg/L-min (Federal Register, 2003). If chlorine is dosed to achieve a residual
of 1 mg/L as Cl,, the minimum contact time required is 6 minutes, which will be
achieved in the conveyance channels upstream of the clearwell®. Design details
and equipment for the NaOCI feed system are listed in Table 18.

Table 18 — NaOCI feed system

Parameter Units Phase I Ultimate
Chemical data
Strength % 6% 6%
Specific gravity -- 1.21 1.21
NaOCl @ 100 % strength Ib/gal 10.09 10.09
Dose of NaOCl - average mg/L as Cl; 1 1
Feed rate gpd 145 193
Feed rate gph 6.0 8.0
Dose of NaOCl - maximum mg/L as Cl; 3 3
Feed rate gpd 434 579
Feed rate gph 18.1 24.1
NaOCI storage tank
Required capacity for 30
days storage gal 4,339 5,786
Required capacity for 15
days at peak dose -- 6,509 8,679
Material -- FRP FRP
Tanks number 2 2
Tank provided, capacity
each tank gal 4,500 4,500
Total capacity provided gal 9,000 9,000
Dimensions -
Diameter ft 8.5 8.5
Height ft ~12 ~12
Metering pumps
Total number 2 2
Duty number 1 1
Standby number 1 1
_ hydraulic hydraulic
Type diaphragm diaphragm
Capacity - min gph 6.0 6.0
Capacity - max gph 24.1 24.1
Motor size hp 1/2 1/2

3.4 Product Water Stabilization
The water produced at this treatment facility will be sent to the distribution system
for use by end users. It is important that the water introduced into the distribution
system is non-corrosive to product water pumping equipment, conveyance and

6 This must be confirmed during the process of detailed design, and pipe sizes and chemical
addition points should be adjusted accordingly.
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distribution system piping, and end user plumbing and piping. Traditionally this
has been accomplished by adjusting the solubility of calcium carbonate using the
Langelier Saturation Index (LSI) and, at the present time, this approach
dominates the practice in seawater desalination, worldwide. As a result,
sufficient experience has been generated to assure that this approach will be
successful. Nevertheless, there are many ways to manage the corrosivity of a
soft, low TDS water. EBMUD, Portland, Tacoma, Seattle and Boston all use pH
adjustment without achieving a positive Langelier index. New York uses zinc
orthophosphate without pH adjustment. San Francisco maintains near a positive
LS in their mortar-lined conduits across the San Joaquin Valley, but a negative
LSl in the City itself. All these utilities are successful in meeting their corrosion
objectives, so it seems likely that some of their strategies will also succeed with
desalinated water.

On the other hand, while it can be assured that adjustment of the LS| to a
positive or near positive value will be successful, if time permitted, it is likely that
a less expensive strategy could also be demonstrated. Unfortunately, insufficient
time is available for such a demonstration. Because the corrosion control costs,
though significant, are a small part of the overall cost of treatment, the proposed
strategy for this design is to follow the traditional approach and adjust of the LSI
to at or near positive values.

Projected permeate and finished water qualities are presented in Table 1. The
conclusion reached after reviewing these data is that carbonate and calcium
addition to the permeate stream are appropriate to increase the pH from ~6 to =
8.5, and raise the LSl to be ~0. The proposed stabilization method is to add lime
to the permeate stream to achieve hardness and alkalinity goals and to add
cabon dioxide to achieve pH goals.

Lime addition

Lime, as pebble lime (CaO), will be delivered and stored on site and slaked as
needed to feed a hydrated lime [Ca(OH);]slurry to a lime saturator. A solution of
saturated lime water from the lime saturators will be added to the blended RO
product water upstream of carbon dioxide addition (Figure 1). Design details of
the lime system are presented in Table 19.
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Table 19- Lime feeding and storage system

Parameter Units Phase I Ultimate
Maximum Flowrate mgd 10.5 14.0
Avg. Dose as Ca(OH)2 mg/L 30 30
Avg. Dose as CaO mg/L 22.7 22.7
Avg. Lime consumption as CaO Ib/day 1,988 2,651
Lime storage
Storage required tons/month 30 40
Storage provided tons 60 60
Storage provided days 60 41
Storage silo dimensions
Length ft 18 18
Width 16 16
Height 44 44
Slaker
Design Feed Rate (CaOH2) Ib/hr 83 110
Design Feed Concentration % 10% 10%
Feed rate Ib/hr 828 1,104
Flow rate gal/hr 99 132
Flow rate gpm 1.7 2
Utility water gpm 45 45
Utility water psi 50 50
Lime Saturators
Maximum Flowrate per unit mgd 10.5 14.0
kg of
Loading Rate (range 1.3-1.6) Ca(OH)2/hr/m2 1.5 1.5
Maximum Dose mg/L 30 30
Lime saturators number 1 1
Diameter required ft 21 25
Diameter provided ft 25 25
Saturated lime water g/L as Ca(OH)2 1.6 1.6
Limewater flow rate gpm 138 184
Hydraulic Loading:
Flow gpm 138 184
Area Ft2 476 476
Hydraulic loading rate gpm/sf 0.29 0.39
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Carbon dioxide addition for pH adjustment
It is proposed to add carbon dioxide directly upstream of the clearwell to adjust
the final product water pH. Design details of the carbon dioxide system are

presented in Table 20.

Table 20 — CO, chemical feed system

Parameter Units Phase 1 Ultimate
Chemical data
Dose of CO2 mg/L 10 10
Feed rate Ib/day 876 1,168
Tanks
Total number 1 1
Type na carbon steel carbon steel
Capacity tons 18 18
Capacity days 41 31
Dimensions
Height ft 9 9
Length ft 25 25
Width ft 7.5 7.5
Refrigeration system compressor
Total number 1 1
Capacity hp 1 1
Vaporizer
Total number 1 1
Type na electric electric
Capacity kW 12 12
Vapor heater
Total number 1 1
Type na electric electric
Capacity kw 4 4
Carrier water
Flow per train gpm 36 49
Pressure psig 65 65
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3.5 Brine and Waste Discharges

The waste streams from desalination plant are presented in Table 21 along with
their recommended discharge locations. An analysis is needed to determine the
impact of these waste streams on the receiving waters, accounting for the
blending ratios and ensure environmental and regulatory compliance.

Table 21 — Waste Streams Discharge

Waste stream

Discharge Location

First Pass RO Brine
flow

Second Pass RO
Concentrate

CIP waste

Shutdown Flushing
waste

Well startup by-pass
flows

Startup Flows

Blend with WWTP effluent for discharge in Ocean
outfall
Recycle to the head of the plant

Neutralize and discharge to sewer
Blend with WWTP effluent for discharge in Ocean
outfall
Blend with WWTP effluent for discharge in Ocean
outfall
Blend with WWTP effluent for discharge in Ocean
outfall
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