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Section 1

Introduction

1.1 Project Background

Eastern Municipal Water District (EMWD), through their integrated resources planning process,
has identified potable reuse as a key component in their strategy to increase local water
resources and improve overall water supply reliability. Potable reuse also supports EMWD’s goal
of maximizing water use efficiency by minimizing recycled water discharges.

EMWD’s potable reuse project is called the Purified Water Replenishment (PWR) project. The
PWR project will replenish groundwater with a blend of tertiary treated and advanced treated
recycled water. Due to challenges associated with the disposal of brine, part of the PWR project’s
objectives is to minimize brine using a high recovery treatment process.

EMWD’s PWR Brine Concentration Pilot Project studied a high recovery treatment train involving
membrane filtration (MF) pretreatment along with DuPont-Desalitech’s proprietary closed-
circuit reverse osmosis (CCRO) process to produce advanced treated water at the San Jacinto
Valley Regional Water Reclamation Facility (SJVRWRF). The CCRO process has demonstrated an
ability to achieve higher system recoveries when compared with conventional RO while at the
same time providing the same level of treatment as a conventional RO system. For inland
desalination locations, even small increases in water recovery provide meaningful reductions in
the amount of brine generated, resulting in a reduced environmental impact and project lifecycle
savings.

1.2 Source & Permeate Water Quality

The SJVRWREF receives raw wastewater from the surrounding community and uses this as the
source water for its water recycling portfolio. The tertiary effluent from this facility is pre-treated
through activated sludge and cloth filters prior to disinfection.

Filtered tertiary effluent, sourced from the end of the facility’s Chlorine Contact Basin, was used
as the feed water to the pilot unit. This water was chosen as the supply for this evaluation
because it is representative of the source water for the full-scale AWPF. Water quality data (feed
to the MF pretreatment, feed to the CCRO, and CCRO brine/permeate) are provided in the table
below. Average and maximum values are based on 8 samples collected between October 28th,
2020 and March 314, 2021.

CDM
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SECTION 1 - INTRODUCTION

Table 1-1 Water Quality Summary (Oct-28-2021 through March-3-2021)

MF Influent CCRO Influent CCRO Permeate CCRO Brine
Parameter
Avg Max Avg Max Avg Max Avg Max
pH - 7.2 7.4 5.8 6.3 5.4 3.7 6.3 7.1
Temperature *C 19.6 23.6 20.1 23.4 18.7 19.7 15.2 21.4
Conductivity (EC) usfcm 1,017 1,150 1,036 1,138 87 153 9,713 13,940
Chloride mg/L 132.5 160.0 7.4 13.0 1,624 2,700
Fluoride mg/L 0.2 0.3 2.3 3.1
Sulfate as S04 mg/L 171.3 210.0 0.7 1.0 2,313 3,800
Turbidity NTU 0.4 0.6 0.1 0.2 0.1 0.1 0.9 3.6
Ammonia as N mg/L 2.2 8.9 11 13
Nitrate (as N) mg/L 10.8 15.0 3.2 4.2 102 130
Alkalinity as CaCO3 mg/L 41.5 770 7.6 5.4 273 440
Total Dissolved Solids (TDS) mg/L
611 660 42.6 68.0 7,550 11,000
Total Suspended Solids (TS5) mg//L
ND 41.0
Chlorine Residual, Free mg/L 2.6 3.3 0.3 0.7
Chlorine Residual, Total mg/L 4.0 4.7 1.4 2.4
Total Organic Carbon (TOC) mg//L
5.4 3.8 0.5 0.9 73 120
Uw 254 ®T 0.4 81.3 20.2 30.9 597.9 98.4
Barium, Total mg/L 0.027 0.036 0.35 0.47
Calcium, Total mg/L 53.5 58.2 0.2 0.2 692.5 574.0
Iron, Total mg/L 0.0 0.1 0.55 0.94
Magnesium, Total mg/L 8.22 9.37 106.4 168.0
Manganese, Total mg/L 0.0071 | 0.0120 0.10 0.18
Phosphorus as PO4, Total mg/L 7.5 15.0 96 150
Potassium mg/L 19 20 1.9 2.7 233 320
Silica as 5i02 mg/L 21 23 249 310
Sodium mg/L 111 130 10.8 16.0 1,336 2,100
Strontium mg/L 0.31 0.33 4.1 5.9
Aluminum mg/L ND 0.035 0.13 0.26
E. Coli MPN/100m1 ND ND ND ND ND ND ND ND
Total Coliforms MPN/100m] ND ND ND 10 ND ND ND ND

1.3 Pilot Location and Configuration

The pilot facility was located next to the Chlorine Contact Basin and the fenced property
boundary, with the MF and CCRO equipment trailers installed end-to-end. For a general layout of
the MF equipment trailer, refer to Appendix A. For a general layout of the CCRO equipment
trailer, refer to Appendix B.

The MF Filtrate Tank, Waste Tank, and CIP Tank were located adjacent to the MF equipment
trailer on a separate pad, while the process tanks for the CCRO pilot (Flushing and CIP Tanks)
were located within the equipment trailer. Chemicals for the MF process (described further
below) were stored inside the equipment trailer, however, the CCRO chemical storage tanks
(antiscalant and sulfuric acid) were stored outside, adjacent to the CCRO equipment trailer.

Feed water for the pilot facility was sourced from two submersible pumps installed within the
Chlorine Contact Basin (near its discharge end). MF filtrate was directed to a Filtrate Tank, which
served as a source of water for backwashing the MF and to act as a balance tank upstream of the
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SECTION 1

CCRO process. Filtrate was pumped from the MF Filtrate Tank to the CCRO system by a booster
pump located prior to the CCRO high pressure pump. Both CCRO permeate and brine were
returned back to the Chlorine Contact Basin.

MF EQUIPMENT
TRAILER

MF FILTRATE
TANK

: CHLORINE
j_ CONTACT BASINS

CCRO CHEMICAL
STORAGE

|gure 1-1
Pilot Plant and Adjacent Chlorine Contact Basins at the SIVRWRF

1.4 MF System Overview

The MF system provided suspended solids and turbidity removal ahead of the CCRO system via
pressurized polyvinylidene difluoride (PVDF) MF modules, manufactured by Toray, using the
thermal induced phase separation (TIPS) manufacturing process. Feed water chemical
adjustment included both liquid ammonium sulfate and sodium hypochlorite to achieve a target
chloramine concentration of 1.5 to 2.5 mg/L in the MF filtrate feeding the CCRO.

Two MF trains were used to treat the flow under various operating conditions.

Details of the selected membranes are provided in the table below. For P&IDs of the MF system,
refer to Appendix C.

Table 1-2 MF Membrane Specification

Parameter Value

Number of MF Trains Installed 2
Number of MF Membranes 4
per Train
Membrane Vendor Toray
Membrane Model HFU-2020AN
Membrane Classification Ultrafiltration (UF)
Nominal Pore Size 0.01 um
Material PVDF
Membrane Area per Module 775 ft?2/module
(72 m?/module)
Flow Direction Outside-In
CDM
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SECTION 1 - INTRODUCTION

Parameter Value

Module Diameter 8.5inch
(216 mm)

Module Length 85.0inch
(2,160 mm)

-
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Figure 1-2
HMI Screen for MF Train 1
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SECTION 1

Key operating parameters for the MF System are provided in the table below.

Table 1-3 MF Equipment Design and Operational Parameters

Parameter Value ‘

Maximum Instantaneous Flux 26 gfd
Membrane Train Filtered Water Flow Rate 56 gpm
Total System Filtered Water Flow Rate 112 gpm
Design Water Temperature ~13to 22°C
Backwash Interval 45 min
Backwash Configuration Air (30 sec)
Water (30 sec)
Minimum CIP Membrane Cleaning 21 days
Interval under Design Conditions
Minimum CEB Membrane Cleaning 24 hours
Interval under Design Conditions
Minimum Design Water Recovery 90%
Maximum Design Transmembrane 22 psi

Pressure during Filtration

Chemicals (Feed Water Adjustment) Liquid Ammonium Sulfate
Sodium Hypochlorite
Sodium Bisulfite
Chemicals (CEB/ CIP & Neutralization) Sodium Hydroxide
Citric Acid
Sodium Hypochlorite
Sodium Bisulfite

Autostrainer Filtration Degree 200 micron

1.5 CCRO System Overview
1.5.1 CCRO vs Conventional RO

Unlike conventional RO, which generates a continuous concentrate stream, CCRO is operated in a
cyclic batch mode and thus generates a periodic stream of concentrate or brine. During the
recirculation cycle, 100 percent of the RO brine is re-circulated from the tail element to the feed
of the lead RO membrane element. At the same time that brine is being recycled, the RO high
pressure pump continuously provides feed water to the system at a flow rate equal to the target
permeate production rate, thereby producing a continuous stream of permeate. During
recirculation, salt concentrations in the feed water continuously concentrate up until a specified
volumetric recovery value is achieved, at which point a valve on the brine line is opened to allow
the brine to be flushed out along with raw feed water. Compared with conventional high
recovery RO, the repetitive disruption of scale formation with lower salinity feed water which
occurs during the CCRO batch process has been found in some applications to:

= allow for higher system recoveries;

= reduce membrane fouling; and
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SECTION 1 - INTRODUCTION

®=  inhibit membrane scaling.

1.5.2 CCRO Process Description

The CCRO system is operated in an alternating manner between the following two modes:
= PFD (plug flow desalination)
= CCD (closed circuit desalination)

1.5.2.1 CCD Cycle

During the CCD cycle, MF filtrate (feed water) is mixed with a recirculated stream of concentrate
rejected by the membranes. The concentrate flow rate, in conjunction with the permeate flow
setpoint, defines the unit's module recovery (MR). A MR of approximately 25 to 30 percent was
used during the pilot trials. The role of the circulation pump creates the cross flow required for
the CCRO process.

During CCD, ions rejected by the membrane are accumulated inside the closed system volume
(circulation loop). As a result, the osmotic pressure of the water increases over the course of the
cycle, requiring a simultaneous increase in feed pressure to drive water flow pass the membranes
and maintain a constant permeate flow. The feed pump is equipped with a VFD to fulfill this task.
Since the feed flow is kept constant during the CCD cycle, the accumulation rate of all ions is
constant and the increase in pressure between start/end of the CCD cycle is linear.

The recovery in CCRO cannot be calculated as a simple ratio of permeate to feed flow rates
because it is not a steady state process as a traditional RO process. Instead, total Volumetric
Recovery (VR) is calculated over a complete CCD+PFD cycle and is equal to the permeate volume
produced divided by total feed consumed. The counters used in the PLC for this calculation are
set to zero at the start of each PFD cycle.

1.5.2.2 PFD Cycle

The transition from CCD to PFD is performed by opening the brine valve and is triggered by the
total volumetric recovery and/or module inlet pressure set points. During this brief cycle,
concentrate is purged from the system with new feed water and the membranes are operated in a
conventional RO configuration (i.e. plug flow).

1.5.3 Permeate Water Quality

The permeate produced is derived from the feed water that is concentrating inside the circulation
loop. Thus, during the CCD cycle, permeate conductivity will increase. Average permeate quality
is the average quality of all permeate produced during the entire PFD and CCD cycles. At the
beginning of the PFD step, the permeate conductivity is normally highest as a result of the
relatively low operating flux and concentrated nature of the water matrix in contact with the
membranes at the end of the CCD cycle. In most cases, however, the contribution of the PFD step
to overall permeate quality is negligible due to the small volume of permeate produced relative to
the permeate volume produced during the entire CCD step.

CDM
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SECTION 1

1.5.4 CCRO System Overview

Major system components for the CCRO unit are listed in the table below along with key design

criteria. For a P&ID of the CCRO system, refer to Appendix D.

Table 1-4 CCRO Major Equipment and Design Criteria

Parameter Value
RO Skid Quantity One
Overall Recovery Up to 97%
Design Permeate Flow Rate 70 gpm
Design Flux 10 gfd
No. Stages 1
No. Pressure Vessels (membrane array) Five — 8M (450 psi)
Total No. Membranes Installed Twenty-five
Membrane Vendor DuPont
Membrane Element Model FilmTec Fortilife CR100, 8” x 40”, 34 mil spacers
Cartridge Filter Rating 1-micron

Chemical Dosing (Feed Water Adjustment)

Sulfuric Acid (CCRO influent)
Antiscalant (CCRO influent)

DM
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Section 2

Pilot Data

2.1 CCRO

2.1.1 Summary of Operations

The official start date for the trending of CCRO data was established on October 23, 2020 (i.e. Day
0). Prior to this date, the pilot was operated intermittently with old membranes, as
commissioning and startup efforts for the overall pilot project were being finalized. The CCRO
pilot’s initial setpoints were established as follows:

= Recovery =90%

= Target Permeate Flow (during CCD) = 70 gpm (10 gfd)

= Target pH = 6.1 (to prevent calcium phosphate scale formation)
= Antiscalant dose = 3.3 mg/L (using Avista Vitec 4000)

During the first several weeks of the pilot trials, the operating setpoints were left unchanged to
confirm the behavior and performance of the system at a conservative recovery rate and the
overall reliability of the full treatment train (including MF pretreatment). Refer to Figure 3-1
through 3-6 for normalized data collected over the course of the pilot trial.

At the start of December, the recovery rate was increased from 90 to 92 percent and allowed to
stabilize. After approximately two weeks of stable operation, the setpoint was increased to 93
percent on December 16. Overnight, feed pressures climbed on the pilot and it was shut down on
the morning of December 17. Subsequently, a series of permeate flushes and soaks were
performed to determine how much of the membrane scaling could be removed with permeate
alone. Over the course of a few days, the pilot’s recovery rate was slowly increased back up to 92
percent and operating data indicated the membranes were performing similar to what had been
observed prior to the setpoint change on December 16. The project team, in consultation with
Dupont, decided to adjust the CCRO pilot’s operating parameters to increase crossflow during the
PFD and CCD cycles, and made a slight reduction in the feed pH (from 6.1 to 5.9). The pilot
operated stably from December 21 through January 14, 2021 with these setpoints.

Prior to initiating a second attempt to operate the pilot at a recovery setpoint of 93 percent, a CIP
was performed on the membranes on January 6 (Day 75) using a proprietary high pH cleaner
manufactured by Avista (RoClean P112). Due to an issue with the pilot’s cloud-based
communication link, operating data was lost between Day 73 and 82, which prevented an analysis
of the post-CIP performance and pushed back the start data for increasing the recovery. On
January 14 (Day 83), after the communication link had been restored, the recovery was increased
from 92 to 93 percent and the pH setpoint was reduced from 5.9 to 5.6. No adjustment was made
to the antiscalant dose, which remained 3.3 mg/L.

CDM
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SECTION 2 - PILOT DATA

Between January 14 and February 10 (Day 83 and 110 respectively), the pilot’s recovery setpoint
was gradually increased from 93 to 95%. During this period, changes to the pH setpoint were
made concurrently to account for increased calcium phosphate scale formation at the higher
recoveries. After operating for just under 10 days at 95% recovery, reductions in the normalized
permeate flow data suggested percentage losses were increasing unsustainably and the decision
was made to carry out a CIP on the membranes for a second time.

A high pH CIP was performed on the membranes on February 11 (Day 111). To evaluate the
performance of alternative antiscalants, the Avista product that had been used to date was
changed out for a product by AWC prior to restarting the pilot. Once the pilot was placed back
online, the recovery setpoint was gradually increased on the pilot from 90 to 95 percent over
approximately one week, while the pH setpoint was reduced from 5.5 to 5.0. One day after
increasing the recovery setpoint to 95 percent on Day 118, reductions in normalized permeate
flows indicated that the operating conditions were not sustainable and the pilot was again taken
offline to soak in RO permeate.

Following the soak, a 2-step CIP was performed which involved both high and low pH
components. The intent of including a low pH CIP after the high pH CIP was to ensure any scale
formation which may have been developed on the membranes during the high pH CIP was
effectively removed before placing the pilot back into service.

Considering that the previous two consecutive runs at 95% recovery had resulted in significant
reductions in the normalized permeate flow over a short operating timeframe, it was decided to
trial a recovery setpoint of 94%. Prior to restarting the pilot, and in consultation with AWC, it
was decided to increase the antiscalant dose rate from 6 to 12 mg/L to account for worst-case
phosphate levels, one of the potential sources for the observed performance loss.

Between February 24 (Day 124) and April 11 (Day 170), the pilot operated at 94% recovery with
an antiscalant dose rate of 12 mg/L and a pH setpoint of 5.0. Approximately 10 days into the run
at 94% recovery, an antiscalant supply issue resulted in the pilot having to be placed offline while
waiting for delivery of additional product. As a result, between the March 6 (Day 135) and the
March 15 (Day 143), the pilot was placed offline and regular permeate flushes of the membranes
were performed by the operations staff. Accounting for this time offline, the pilot operated at
94% recovery for approximately 38 days between CIPs.

A 2-step CIP was performed on the membranes over April 12 and 13 (Day 172 and 173
respectively) based on a normalized permeate flow decrease of approximately 15% from the
baseline. A slight reduction in the normalized salt passage could also be detected, suggesting the
foulant was more organic than inorganic. Prior to initiating the CIP, a tail element was pulled for
autopsy and a new membrane was installed as a replacement.

The pilot’s final run was initiated on April 13, with the same setpoints as those used on the
previous run. The intent of operating with identical conditions was to confirm the repeatability of
operating at 94 percent recovery. The final run concluded on May 7 (Day 196) prior to a series of
programmed power outages planned, which were planned to take place over a 2-week period on
the full-scale facility. At this time, the pilot had operated for approximately 24 days and
normalized permeate flow losses were approximately 10% off of the estimated baseline. No

CDM
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SECTION 2 - PILOT DATA

meaningful reduction in the normalized salt passage or differential pressure were detected over
this period.

Table 2-1 Summary of Operating Parameter Changes and CIP Events

Days of Recovery Antiscalant
Operation (%) (mg/L)
23-Oct-20 0 90 6.1 33 Avista Vitec 4000 antiscalant
2-Dec-20 40 92 6.1 33
16-Dec-20 55 93 6.1 33
17-Dec-20 56 90 6.1 33
21-Dec-20 59 92 5.9 33 Concentrate Flow SPs increased
during PFD & CCD cycles

6-Jan-21 75 High pH CIP (2% Avista RoClean P-112)
14-Jan-21 83 93 5.6 33
26-Jan-21 95 94 5.4 33
28-Jan-21 97 94 5.1 33
2-Feb-21 102 95 5.1 33
5-Feb-21 105 95 4.9 33
11-Feb-21 111 High pH CIP (1% Avista RoClean P-112)
11-Feb-21 111 90 5.5 4.5 Antiscalant changed to AWC A-112
14-Feb-21 114 92 5.5 4.5
16-Feb-21 116 94 5.0 6.0
17-Feb-21 117 95 5.0 6.0
23-Feb-21 123 High pH CIP (1% Avista RoClean P-112)

Low pH CIP (2% Avista RoClean L403)
24-Feb-21 124 94 | so | 12.0 |
12-Apr-21 171 High pH CIP (1.8% AWC C-227LF)

Low pH CIP (1.7% AWC C-209)

13-Apr-21 172 94 | so0 | 12.0 |
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SECTION 2 - PILOT DATA

2.1.2 Performance Data

The performance data were calculated using the following equations:

® Normalized Permeate Flow per ASTM D4516 - 19a (Norm. Q,):

AP
(PFeed (Ref) — Ref./Z - PPerm (Ref.) — Tfc (Ref) + Tperm (Ref.)) TCFRef.

Norm.Qp = Qp (act) X

AP
(PFeed (Act) — Act./2 - PPerm (Act) — Tfc (Act) + Tperm (Act.)) TCFACt'
= Temperature Correction Factor (TCF):
TCF = EXP {2640 X [ ! ! ]} hereT = 25°C
- 298 (273+lf Ve =
TCF = EXP {3020 X [ ! ! ]} hereT < 25°C

- 298 (273+ls Ve =

= Average Feed Conductivity (Condgeeq (avg)):
CondFeed X In (CondConcentrate>
_ Condgpeeq
CondFeed (Avg) — ~ CondFeed
CondConcentrate
= Feed-Concentrate Osmotic Pressure & Permeate Osmotic Pressure (77 & perm):
Cre X (T +320)
29100 bar (for Cs. < 20,000 mg/L)

where: C¢. = Concentration Feed — Concentrate

= Concentration Feed-Concentrate (Cs,):
1
In (—)
1—MR
Cre=Cpx——m— (mg/L)
= Module Recovery (MR):
R = Permeate Flow
~ (Feed Flow + Concentrate Flow)
= Feed Concentration (Cy):
Cf = 0.67 X {[CondFeed X MR] + [CondConcentrate X (1 - MR)]} (mg/L)
= Net Driving Pressure (NDP):
AP
NDP = Ppeeq — 7 — Ty — Pperm + Tperm  (bar)
CDM
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SECTION 2 - PILOT DATA

= Normalized Average Salt Passage:

TCFRef. % [1 <C0ndFeed (Avg.) — CondPerm>] ((V)
pena— - 0
TCFAct. CondFeed(Avg.)

Key performance data (Normalized Permeate Flow, Differential Pressure (AP), Normalized Salt
Passage, and Net Driving Pressure (NDP)) for the CCRO are presented in Figure 3-1 through
Figure 3-6, which have been summarized in Table 3-2 below. Each set of trends have been
presented for two different date ranges:

=  The full data set (Day 0 to 196), and
= The final two operating runs at 94% (Day 124 to Day 196).

The intent behind providing the data across a restricted timeframe is to improve the legibility of
the data. Given the nature of the CCRO process, operating with a variable recovery rate generates
operating data with a greater distribution compared with traditional RO. To reduce the visual
“noisiness” of the plotted data, zooming in on a particular time frame, in this case the two final
runs at 94%, it is possible to observe trends in the data with more clarity. For all figures, the
operating data presented was also limited to operational recoveries between 75% and the
maximum value in order to present only the data generated at the highest recovery values.

Table 2-2 Summary of CCRO Figures

Figure No. Trend Data Recovery Range
3-1 = Normalized Permeate Flow ~75 to 94%
= Differential Pressure (AP) (since Feb. 23 CIP, Day 123)
3-2 = Normalized Permeate Flow ~75 to 95%
= Differential Pressure (AP)
3-3 = Lead Element (Feed) Pressure ~75 to 94%
= Net Driving Pressure (NDP) (since Feb. 23 CIP, Day 123)
= Temperature
3-4 = Lead Element (Feed) Pressure ~75 to 95%

= Net Driving Pressure (NDP)
= Temperature

3-5 = Normalized Salt Passage ~75 to 94%

= Recovery (since Feb. 23 CIP, Day 123)
3-6 = Normalized Salt Passage ~75 to 95%

= Recovery
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SECTION 2 » PILOT DATA

CONCENTRATE FLOW INCREASED

NORMALIZED PERMEATE FLOW VS DIFFERENTIAL PRESSURE
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Normalized Permeate Flow & AP (~75 to 95% Recovery)
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PILOT DATA

NORMALIZED PERMEATE FLOW VS DIFFERENTIAL PRESSURE
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Normalized Permeate Flow & AP (~75 to 94% Recovery) Feb. 23 to May 7
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LEAD ELEMENT & NET DRIVING PRESSURES
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Feed Pressure vs NDP vs Temperature (~75 to 95% Recovery)
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NORMALIZED AVERAGE SALT PASSAGE
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Normalized Avg Salt Passage vs Recovery (~75 to 95% Recovery)
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Figure 2-6
Normalized Avg Salt Passage vs Recovery (~75 to 94% Recovery) Feb. 23 to May 7

2.1.3 Membrane Autopsy

A tail element was removed prior to the CIP performed on Day 171 and sent off for a membrane
autopsy. AWC carried out the autopsy at their Florida laboratory and were on hand to assist with
preparing the membrane for shipment.

A copy of the autopsy report is included in Appendix E. Key findings from the autopsy report
were:

Membrane was in very good visual condition upon arrival. A light foulant deposition was
observed on the membrane leaves. However, the foulant density was ~0.19 pg/cm?2 when
dehydrated, which was considered extremely low;

Initial wet testing found that the membrane flux to be ~2.68% below manufacturer’s
nominal specification; and

Flat sheet testing with coupons collected along the flow path of the membrane performed:
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* Initial cell testing, performed on coupons that had been soaked in deionized water for
24 hours prior to testing, found permeability to be approximately 20% greater than the
manufacturer’s nominal specification, though salt rejection was within specification.

* The membrane coupons were cleaned first with 2% AWC C-227, a high pH chemical
cleaner for organic based matter. The cleaning was performed at pH 11.9 and 35°C for 6
hours. Permeability increased significantly, with a slight decrease in salt rejection.

* Afollow up cleaning was performed with 2% AWC C-234, a low pH chemical cleaner.
The cleaning was performed at pH ~1.7 and 27°C for 2 hours. A marginal decrease in
permeability was observed, with a slight increase in salt rejection.

e Overall, membrane permeability increased by approximately 45% over the nominal
specification. The salt rejection, when normalized for flux, was within specification.

AWC concluded that even though the membrane, upon arrival, only exhibited a slight loss of
permeability compared with the manufacturer’s nominal specification, the results of the cleaning
study suggested that an organic foulant had been removed from the membrane surface, given the
significant increase in permeability above the nominal specification.

Although such high permeability relative to the nominal specification could have been indicative
of underlying membrane deterioration due to minor halogenation (oxidant damage), the Fujiwara
test was negative and salt rejection was within specification. The results suggest that the
membrane was substantially more permeable than would have been expected based on the
manufacturer’s data sheet.

2.2 MF Pretreatment

As it was not the primary focus of the pilot investigation, the MF pilot’s operating setpoints
remained the same throughout the duration of the trials. The setpoints were set up to provide
conservative operating conditions in order to guarantee relatively trouble-free performance, and
reduced cleaning demand, in order for the pilot study to focus primarily on optimizing the CCRO
process. To ensure sufficient filtrate for the CCRO, but avoid overflow of the MF Filtrate Tank, the
MF pilot flow rate was automatically ramped up/down to maintain a constant operating level in
the tank.

Setpoints included:
= Maximum Filtrate Flow = 57 gpm (~26 gfd)
= Minimum Filtrate Flow = 20 gpm (~9 gfd)
= Time Between Backwashes = 45 min

With the above setpoints, the MF system operated with a recovery around 98% throughout the
trial.

CDM
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Mini-CIPs (i.e. maintenance cleans) were initiated manually and generally occurred bi-weekly.
Only caustic/ hypochlorite cleans were necessary. The cleaning events are summarized in the
table below:

Table 2-3 Mini-CIP Cleaning Events

Date Type of Mini-CIP ‘
4-Nov-2020 Caustic/ Sodium Hypochlorite
16-Nov-2020 Caustic/ Sodium Hypochlorite
30-Nov-2020 Caustic/ Sodium Hypochlorite
7-Dec-2020 Caustic/ Sodium Hypochlorite
14-Dec-2020 Caustic/ Sodium Hypochlorite
04-Jan-2021 Caustic/ Sodium Hypochlorite
18-Jan-2021 Caustic/ Sodium Hypochlorite
01-Feb-2021 Caustic/ Sodium Hypochlorite
16-Feb-2021 Caustic/ Sodium Hypochlorite
01-Mar-2021 Caustic/ Sodium Hypochlorite
15-Mar-2021 Caustic/ Sodium Hypochlorite
29-Mar-2021 Caustic/ Sodium Hypochlorite
21-Apr-2021 Caustic/ Sodium Hypochlorite
27-Apr-2021 Caustic/ Sodium Hypochlorite

Based on the transmembrane pressure (TMP) and permeability data, membrane performance
was relatively stable and only minor fouling was observed throughout the trial. Although gradual
declines in permeability (and concurrent rise in TMP) were observed on occasion, especially
when the mini-CIP frequency extended beyond a two-week period, the mini-CIPs were generally
effective in restoring the membrane’s baseline performance and a full-strength CIP was never
performed. In some cases, membrane performance was not fully restored after the mini-CIP
event, but was restored after the subsequent cleaning two weeks later. Because of the
intermittent use of the MF pilot’s sodium hypochlorite dosing system, air locks in the dosing line
did occur and were not always fully purged during the cleaning cycle resulting in Train 1
receiving less available chlorine compared with Train 2. This issue could be remedied by priming
the line manually before the initiation of the first clean.

Figure 3-7 and Figure 3-8 below present the cumulative trends of performance data for UF Trains
1 and 2 that have been collected off the HMI over the testing cycle. The caustic/hypo mini-CIP
events performed on the membranes are noted with red lines overlaid on these figures. As noted
earlier, the large variation in flux data (red) is a result of the feed pump control algorithm, which
was configured to ensure a constant level in the Filtrate Tank while avoiding overflow conditions.

CDM
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The performance data were calculated using the following equations:
®  Transmembrane Pressure (TMP):
TMP = Preeq — Prittrate +h  (psi)
where: h = Elevation Dif ference of Pressure Transducers

" Flux (]):

_ Flow (gpm) x 1440
" Membrane Area

(gfd)
where: Membrane Area = 4 X 775 ft?
= Viscosity (u):
u = 1.75 — 0.049T + 0.0006T? (cP)
= Temperature Corrected Flux at 20°C (J,():
J2o=ux] (gfd)
= Permeability at 20°C:

J20 (ﬂ @ 20°C)

Permeabilty,, = TMP st
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SECTION 2 = PILOT DATA

UF TRAIN 1 ‘ —— = CAUSTIC/ HYPO MINI-CIP
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Figure 2-7
UF Train 1 Cumulative Performance (Oct-23-2020 to May-1-2021)
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UF Train 2 Cumulative Performance (Oct-23-2020 to May-1-2021)
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Section 3

Cost Comparison

To compare the cost effectiveness of utilizing CCRO in favor of a conventional 3-stage RO design
for the full-scale facility, this section compares budgetary level capital construction (equipment
costs only) and operations and maintenance (0&M) costs for the two systems, including
evaporation ponds. Although the CCRO may provide a slight overall improvement in overall
recovery (94% vs approximately 93%), for the purposes of simplification, this report assumes
that all other project components (buildings, ancillary systems, pretreatment, etc.) are identical
and are not covered in this comparison.

3.1 Assumptions

The assumptions include:

= Process equipment sized to provide 2 mgd of treated water (~1,370 gpm), approximately
2000 acre-ft/year.

= Conventional 3-Stage RO design based on the following:
* 2x2.0 mgd trains (1 Duty/ 1 Standby)
* Average Flux = 12 gfd
* Recovery (2-stage) = 85%
e Recovery (3rd stage) = 52%
e Overall Recovery = 92.8%
*  Flow Factor = 0.85
= CCRO design based on the following:
* 3 x 1.0 mgd trains (2 Duty/ 1 Standby)
* Average Flux = 10 gfd
* Recovery = 94%
*  Flow Factor = 0.85
= Feed water quality based on average values measured during the pilot study.
= Design present worth period assumed to be 30 years with a discount rate of 3.5 percent.

= An escalation rate of 5% was applied to annual O&M costs.

CDM
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3.2 Annual Operation and Maintenance (O&M) Costs

Annual O&M costs are divided among the following:

Power - Power costs associated with RO systems only. Power estimates were generated by
vendor software used to model the specific RO design and calculate antiscalant dose rates.

Chemicals - Includes chemical usage for 93% sulfuric acid and antiscalant, the two
chemicals associated with RO treatment. As the CCRO utilizes a higher antiscalant dose rate
compared with a conventional 3-stage design, the selected antiscalant product for this
system is based on a formulation that is twice as concentrated as the formulation selected
for the 3-stage RO design. Acid and antiscalant dosing rates were calculated using AWC'’s
proprietary Proton software. Antiscalant dose rates for the CCRO were adjusted up based
on the piloting investigation, which employed AWC’s A-112 product at a dose of 12 mg/L.

Replacement - Includes replacement costs for RO membranes. This estimate assumes a 5-
year membrane useful life.

Maintenance - Includes assumed routine maintenance and materials costs. The assumption
is that annual maintenance including ultimate replacement costs are on the order of 2% of
the equipment capital costs.

Labor costs are assumed to be similar between the two systems and are thus not included
for comparison.

A 10% contingency is added to the O&M costs.

Table 3-1 O&M Cost Comparison — CCRO vs Conventional 3-Stage RO

Treatment Cost
Option Category $)
Conventional 3- Power $131,000
Stage RO Chemical Costs $123,000
Replacement Costs $34,000
Maintenance Costs $48,000
Subtotal Annual O&M Costs $336,000
Contingency (10%) $33,600
Annual O&M Costs $369,600
CCRO Power $154,000
Chemical Costs $198,000
Replacement Costs $60,000
Maintenance Costs $54,000
Subtotal Annual O&M Costs $409,000
Contingency (10%) $40,900
Annual O&M Costs $449,900
3-2 %%th



SECTION 3+ COST COMPARISON

3.3 Capital Cost Summary

The table below summarizes the capital costs for the two different RO systems. Because of the
customizable nature of conventional RO design, it is assumed that a single duty train capable of
producing 2.0 mgd will provide the lowest net present value (NPV). Unlike conventional RO,
Desalitech’s pre-fabricated CCRO skids are available in discrete sizes. A high level assessment by
the vendor suggested that three 1.0 mgd trains would be the most economical for this project.

Table 3-2 Capital Cost Summary — CCRO vs Conventional 3-Stage RO

Treatment No. Units Cost Total Cost
Option categoy ($/unit) ($)
Conventional 3- 2 x 2.0 mgd RO skids (3-stage) 2 $1,200,000 $2,400,000
Stage RO

CCRO 3 x 1.0 mgd CCRO skids 3 900,000 $2,700,000

3.4 Evaporation Pond Considerations

In the May 2018 Preliminary Design Report for the PWR prepared by CDM Smith, a capital cost
for the evaporation ponds associated with the full-scale 2,000 AFY AWPF was estimated at
$9,200,000. To bring this value into 2021 dollars, an escalation rate of 5.0 percent was applied to
come up with a revised value of $10,580,000.

A 2 mgd CCRO process operating at 94% would produce approximately 89 gpm of brine
compared with a conventional 3-stage RO operating at 92.8%, which would produce
approximately 108 gpm. This represents a reduction in the flow to the Evaporation Ponds of
approximately 18%.

Assuming the pond size between the two treatment options would decrease proportionally with
brine flow, the total cost for evaporation ponds with the CCRO option is reduced to approximately
$8,718,700.

For this cost exercise, although smaller ponds could impact the number of evaporators required,
as the final number has not been optimized, no decrease in 0&M costs have been assumed.

DM
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3.5 Overall Cost Comparison

A 30-yr NPV is presented below for each system along with cost/acre-foot based on a 30-yr
production period.

Table 3-3 Overall Cost Comparison — CCRO vs Conventional 3-Stage RO

Treatment Option Category Value
Conventional 3-Stage Annual O&M Costs $369,600
RO Capital Costs — 3-Stage RO $2,400,000

Capital Costs — Evaporation Ponds $10,580,000
30-yr NPV $26,508,000
Total Yield (30 years) 60,000 AF
NPV/AF $442/AF
CCRO O&M Costs $449,900
Capital Costs — CCRO $2,700,000
Capital Costs — Evaporation Ponds $8,718,700
30-yr NPV $28,033,000
Total Yield (30 years) 60,000 AF
NPV/AF $467/AF

The results indicate that conventional RO still provides an improvement in 30-year life cycle cost
when compared to CCRO ($442/AF vs. $467/AF).

However, one potential option for improving the cost effectiveness of the CCRO process could
involve automatic adjustment of the target pH setpoint during the closed circuit cycle, rather than
maintaining a constant pH target as was done during the pilot study. Based on initial modeling
work using AWC’s Proton antiscalant projection software, along with average water quality data
gathered during the pilot study, no pH adjustment is required until the recovery exceeds
approximately 65% (i.e. after which at least one scale warning is generated by the antiscalant
vendor’s software without some degree of pH reduction).

When such pH optimization is considered, it may be possible to reduce acid consumption on the
order of 30 to 50% (depending on feed water characteristics), representing a chemical cost
savings between $30,000 and $60,000 per year. When the cost of smaller ponds is factored in,
the 30-year life cycle cost of the CCRO with pH optimization is reduced down to a range of $446 to
$424/AF, essentially the same or better than the cost of the conventional three-stage system
described in the Preliminary Design Report (PDR) for the full-scale facility. Considering that the
CCRO provides operational flexibility not available with conventional RO, such as the ability to
adjust recoveries in real-time based on changes in feed water quality, there appears to be
sufficient justification in considering CCRO a cost-effective alternative to the conventional 3-stage
approach.
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Section 4

Conclusions

The following key observations and summaries are made with respect to the overall treatment
train at the conclusion of this pilot study which was conducted from October 23, 2020 through
May 7, 2021:

CDM

The MF system design parameters, namely the maximum instantaneous flux (approx. 26
gfd) and backwash interval (45 minutes), provided for reliable operation and extended run
time, generally two weeks, between mini-CIP events. As a result of the general
effectiveness of the mini-CIPs, a full CIP was not performed during the trial. Based on these
results, the ability to achieve further optimization of the MF process is expected.

Stability of the CCRO process was similar to conventional RO when operated up to the
recovery values typically utilized for conventional RO in reuse applications treating this
quality of feed water (92 to 93%). The pilot operated for approximately 55 days at 92%
with little to no change in the normalized data.

RO performance loss was primarily expressed as a reduction in the normalized permeate
flow, though changes in normalized salt passage were observed, particularly during the
first extended run at 94% recovery.

The CCRO process became slightly less robust as the recovery increased beyond 92%,
however, it was possible to achieve run times around 30 days between CIP events at 94%
recovery, a common benchmark for establishing sustainability relative to the selected
design criteria.

CIP events on the CCRO pilot were initiated when normalized permeate flow losses
exceeded 15% relative to the estimated baseline. In some cases, membranes were cleaned
simply in response to a large decrease relative to the baseline, in order to ensure the
validity of the performance data for the subsequent run. This approach was deliberately
conservative and intended to ensure no irreversible fouling of the membranes occurred
during the time available to operate the pilot. Itis important to note that in many reuse
applications, normalized permeate flow losses may be allowed to reach 20 to 25% without
impacting the ability to restore clean membrane conditions.

pH suppression/control is critical for controlling calcium phosphate scaling of the RO
membranes.

The RO membrane autopsy indicated little to no evidence of scale on the surface of the tail
element, indicating the effectiveness of the antiscalant and pH setpoints that were used
during the run. Given this observation, it is assumed that some degree of optimization for
both these chemicals is possible.
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4-2

The autopsy performed on a tail RO membrane pulled at the end of the first extended run at
94% recovery indicated that the primary cause of permeability loss was related to an
organic foulant. Taken together, both soaking in deionized water, and a generic high pH
clean, were able to increase membrane permeability by approximately 45% over the
nominal membrane specification.

Cost modelling indicates that the 30-yr NPV for a conventional 3-stage RO design operating
at approximately 92.8% overall recovery and producing 2,000 AFY is approximately
$442/AF. This figure includes the cost of the evaporation ponds detailed in the PDR, which
was updated to 2021 dollars. The 30-yr NPV for a CCRO system operating at 94% overall
recovery and producing 2,000 AFY is approximately $467/AF, which includes the adjusted
cost for smaller ponds.

Initial modelling work performed using AWC'’s antiscalant projection software indicates
significant chemical savings, on the order of $30,000 to 60,000/yr, could be realized if
automatic pH adjustment were incorporated into the CCRO operating cycle. When this cost
savings is factored into the life cycle cost, the 30-yr NPV is reduced from $467 to between
$424 and $446/AF, which is the same value or better than what is calculated for the
conventional 3-stage RO design.
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Section 5

Next Steps

Based on results of this pilot, we would recommend the following be pursued as part of the
upcoming detail design activities:

= Review piloting results and identify most cost-effective approach for incorporating CCRO
into the overall treatment process;

=  Expand the cost review to include upstream processes in order to improve the accuracy of
the life cycle cost estimates and the overall comparison between RO design approaches;
and

= Consider restarting the CCRO pilot in order to test pH optimization and confirm estimated
savings determined by the desktop study.

CDM
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MF Pilot Plant Layout
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8 7 6 5 4 3 2 1

CONNECTION SCHEDULE
4 DESCRIPTION TYPE SIZE
@ TERTIARY EFFLUENT FROM TF 150# FLG | 4.00
@ UF FILTRATE TO BW TNK 150# FLG | 3.00
@ BW WASTE TO DRAIN 150# FLG | 2.00
@ WASTE FROM INST. FLOOR DRAIN FNPT 2.00
@ BW PUMP SUPPLY 150# FLG | 3.00 |P
@ UF CIP RETURN 150# FLG | 2.00
@ SULFURIC ACID FROM CCRO FNPT 0.50
CIP PUMP SUPPLY 150# FLG | 3..00
@ CIP WASTE 150# FLG | 2.00
AMMONIUM SULFATE FILL PORT FNPT 1.00
@ NaOCL FILL PORT FNPT 1.00
@ CITRIC ACID FILL PORT FNPT 1.00
@ SODIUM HYDROXIDE FILL PORT FNPT 1.00
SODIUM BISULFITE FILL PORT FNPT 1.00
@ EYE WASH STATION FNPT 0.50
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CONNECTION SCHEDULE
4 DESCRIPTION TYPE SIZE
INSTRUMENTS /SAMPLE PANEL
LOCATION @ TERTIARY EFFLUENT FROM TF 150# FLG | 4.00
@ UF FILTRATE TO BW TNK 1504 FLG | 3.00
@ BW WASTE TO DRAIN 150# FLG | 2.00
@ WASTE FROM INST. FLOOR DRAIN FNPT 2.00
- @ BW PUMP SUPPLY 150# FLG | 3.00 |P
@ UF CIP RETURN 150# FLG | 2.00
Ne———
N <T\ VAN POWER DROP BULKHEAD @ SULFURIC ACID FROM CCRO FNPT 0.50
CIP PUMP SUPPLY 150# FLG | 3..00
@ CIP WASTE 150# FLG | 2.00
AMMONIUM SULFATE FILL PORT FNPT 1.00
@ NaOCL FILL PORT FNPT 1.00
@ CITRIC ACID FILL PORT FNPT 1.00
@ SODIUM HYDROXIDE FILL PORT FNPT 1.00
SODIUM BISULFITE FILL PORT FNPT 1.00
@ EYE WASH STATION FNPT 0.50
C
:‘.»./‘;l :\VAQ tl«é,"h' B
X (RRD N e
i
Il. v\}% el
\{ % 54
B
SUMP BASIN
A
UNCONTROLLED IF PRINTED (UNLESS STAMPED OTHERWISE) B | 1/16/20 | TiC | MMS |RELEASED FOR PRODUCTION NOTICE ON REPRODUCTIONS DRAWN BY| DATE | TITLE GENERAL ARRANGEMENT
NOTE 1. TIC 11/25/19 CONTAINERIZED UF SYSTEM @
FRAC DECIMALS  ANGLES | NOTE 2. D | 1/29/20 | TIC UPDATED CHEM FEED FOIIHLSTSD(I)chmEENSEE'; s&g:”'EERDTI?OF CHK'D BY | DATE ISO VIEWS .
SINCE 1965
+ 3 X+ + NOTE 3. E [ 4/28/20 | NDL AS-BUILTS WIGEN WATER TECHNOLOGIES, INC., EIP 12/6/19 | CLIENT NAME £asTERN MUNICIPAL WATER DISTRICT (EMWD)
XX £ NOTE 4. F | 10/5/20 | ECP | MMS |UPDATED PER FIELD MOD RECOMMENDATIONS REPRODUCTION IS STRICTLY SIZE SCALE UF CONTAINERIZED SYSTEM WATER TECHNOLOGIES
XXX NOTE 5. PROHIBITED WITHOUT PRIOR WRITTEN D NONE 302 LAKE HAZELTINE DRIVE
NOTE 6. CONSENT. FILE TYPE PROJECT NUMBER DRAWING NUMBER SHEET | REV A Ny VoA
TOLERANCES UNLESS NOTED DRAWING NOTES REV| DATE [DwWN|apvD DESCRIPTION ACAD C-3499-1019 C-3499-100-1 5 OF 5 F WWW.WIGEN.COM

8 7 6 5 4 3 2 1 3E-140-F-D Size Title Block_REV B



AutoCAD SHX Text
%%UISO

AutoCAD SHX Text
N.T.S.

AutoCAD SHX Text
%%UISO

AutoCAD SHX Text
N.T.S.

AutoCAD SHX Text
#

AutoCAD SHX Text
CONNECTION SCHEDULE

AutoCAD SHX Text
DESCRIPTION

AutoCAD SHX Text
TYPE

AutoCAD SHX Text
SIZE

AutoCAD SHX Text
TERTIARY EFFLUENT FROM TF

AutoCAD SHX Text
150# FLG

AutoCAD SHX Text
4.00

AutoCAD SHX Text
1

AutoCAD SHX Text
UF FILTRATE TO BW TNK

AutoCAD SHX Text
150# FLG

AutoCAD SHX Text
3.00

AutoCAD SHX Text
2

AutoCAD SHX Text
BW WASTE TO DRAIN

AutoCAD SHX Text
150# FLG

AutoCAD SHX Text
2.00

AutoCAD SHX Text
3

AutoCAD SHX Text
WASTE FROM INST. FLOOR DRAIN

AutoCAD SHX Text
FNPT

AutoCAD SHX Text
2.00

AutoCAD SHX Text
4

AutoCAD SHX Text
BW PUMP SUPPLY

AutoCAD SHX Text
150# FLG

AutoCAD SHX Text
3.00

AutoCAD SHX Text
5

AutoCAD SHX Text
UF CIP RETURN

AutoCAD SHX Text
150# FLG

AutoCAD SHX Text
2.00

AutoCAD SHX Text
6

AutoCAD SHX Text
SULFURIC ACID FROM CCRO

AutoCAD SHX Text
FNPT

AutoCAD SHX Text
0.50

AutoCAD SHX Text
7

AutoCAD SHX Text
CIP PUMP SUPPLY

AutoCAD SHX Text
150# FLG

AutoCAD SHX Text
3..00

AutoCAD SHX Text
8

AutoCAD SHX Text
CIP WASTE

AutoCAD SHX Text
150# FLG

AutoCAD SHX Text
2.00

AutoCAD SHX Text
9

AutoCAD SHX Text
AMMONIUM SULFATE FILL PORT

AutoCAD SHX Text
FNPT

AutoCAD SHX Text
1.00

AutoCAD SHX Text
10

AutoCAD SHX Text
NaOCL FILL PORT

AutoCAD SHX Text
FNPT

AutoCAD SHX Text
1.00

AutoCAD SHX Text
11

AutoCAD SHX Text
CITRIC ACID FILL PORT

AutoCAD SHX Text
FNPT

AutoCAD SHX Text
1.00

AutoCAD SHX Text
12

AutoCAD SHX Text
SODIUM HYDROXIDE FILL PORT

AutoCAD SHX Text
FNPT

AutoCAD SHX Text
1.00

AutoCAD SHX Text
13

AutoCAD SHX Text
SODIUM BISULFITE FILL PORT

AutoCAD SHX Text
FNPT

AutoCAD SHX Text
1.00

AutoCAD SHX Text
14

AutoCAD SHX Text
14

AutoCAD SHX Text
10

AutoCAD SHX Text
5

AutoCAD SHX Text
8

AutoCAD SHX Text
1

AutoCAD SHX Text
9

AutoCAD SHX Text
3

AutoCAD SHX Text
4

AutoCAD SHX Text
6

AutoCAD SHX Text
7

AutoCAD SHX Text
2

AutoCAD SHX Text
11

AutoCAD SHX Text
13

AutoCAD SHX Text
12

AutoCAD SHX Text
MAIN POWER DROP BULKHEAD

AutoCAD SHX Text
SUMP BASIN

AutoCAD SHX Text
INSTRUMENTS/SAMPLE PANEL LOCATION

AutoCAD SHX Text
EYE WASH STATION

AutoCAD SHX Text
FNPT

AutoCAD SHX Text
0.50

AutoCAD SHX Text
15

AutoCAD SHX Text
15


APPENDIX A MF PILOT PLANT LAYOUT

This page intentionally left blank.

CDM
A-2 Smith



Appendix B

CCRO Pilot Plant Layout

DM

B-1



4 \ 3 2 \ REVISION HISTIORY
PARTS LIST REV Status Checked Date Checked By
ITEM PART NUMBER DESCRIPTION QTY/ Length 04 | For COﬂStI’UCt!OI’l 13.Feb.2018 Shlml G.
1 15in Fange Adaptr i 0 | por Consicton | foreb i | sumis
"IS-FLA-EMWD-R05-01" 01 |  For Review 24.Jan.2018 Shimi G.
2 |2in Flange Adapter See drawing 2
"IS-FLA-EMWD-R05-01"
3 | 3in Flange Adapter See drawing 4
"IS-FLA-EMWD-R05-01" Electrical panels
4  |3in SS316 Flange Adapter See drawing 1 RO5 RO Unit
"IS-FLA-EMWD-R05-01"
5 |4in Flange Adapter See drawing 1
"IS-FLA-EMWD-R05-01"
6 | 6in Flange Adapter See drawing 1 A
"IS-FLA-EMWD-R05-01" Bladder tanks
7 |AE 1338.500 (1) 120V Load panel 1
8 |AE 1360.500 (1) Transformer enclosure 1
9 |Assembly - Container See drawing 1 40' HQ Insulated container
"SC-EMWD-R05-01"
10 |Band for CIP tank 2
11 |Brine Feed Inlet Int. See drawing 1
"PI-FD-EMWD-R05-05"
12 |Brine inlet to Feed tank See drawing 1
"IS-BR-EMWD-R05-03"
13 |Brine to CIP Tank Line2 See drawing 1
"IS-BR-EMWD-R05-02" Secure all interconnecting
14 |Brine to Drain Int. See drawing 1 piping to the ceiling
"IS-BR-EMWD-R05-04" d
15 |CIP Tank 550 GAL See drawing 1 0 T-03 CIP tank
"WT-CIP-EMDW-R05-01"
16 |CIP Tank to Feed Line See drawing 1
"IS-CIP-EMWD-R05-01"
17 |Dosing pumps box See drawing 1
"DP-EMWD-R05-01"
18 |Drain line Int See drawing 1
"IS-DR-EMWD-R05-02"
19 |Drain of CIP tank See drawing 1
"IS-DR-EMWD-R05-03"
20 |Feed tank See drawing 1 Access Door 3'x7" (4)
"WT-FEED-EMDW-010-01" »
21 |From Feed tank to RO See drawing 1 ?h
"IS-FD-EMWD-R05-02" N
22 |NSYPLMA43 Power Supply connection 1
box
23 |OF of CIP tank See drawing 1
"S-OF-EMWD-R05-01" _ Chemical qnd compressed_air
24 |Permeate to CIP Tank Line See drawing 1 tubing penetration to the container
"SC-PR-EMWD-R05-02" A
25 |Permeate to Feed tank Line See drawing 1
"IS-PR-EMWD-R05-03" _ o _ _ _
26 |RO RS See drawing 1 Chemlcal tubing in double containment tubing to RO skid
"GA-EMWD-R05-02" Compressed air tubing to air set installed on the RO skid
27 |Raw inlet to Feed tank See drawing 1
"IS-FD-EMWD-R05-04"
28 |Skid for Feed tank See drawing 1 T-01 Feed tank
"STR-EMWD-R05-02"
29 |Pipe Support Parallel Welded DWG No. GD-STR-51 3
Clamp 4" "Type 1"
30 | Pipe Support Parallel Welded DWG No. GD-STR-51 3 ‘
Clamp 6" "Type 1"
For Construction
Designed by: Checked by: Approved by: Project:
Igor Komkov 30.Jan.2018| Shimi G. 13.Feb.2018 EMWD Reflex R05
Unless Other Specified: Part Number:
NOTES: DESALITECH All Dimentions are in inches. EMWD GA R05

1) All dimensions in inches.
2) For details and dimenions see sheet 2/3.

3) For external piping connections details see sheet 3/3.
4) Secure all equipment to the container . Add additional supports if require .

Desalit: 4

Advanced Desalination Technologies

Confidential Information

One Gateway Center,
Suite 809Newton,

MA 02458

Phone: (617) 564 1647

Tolerances:
Linear £1/16"

First Angle

; Angular £0.5°

Drawing Number:

GA-EMWD-R05-01

This drawing, the design and the patents it covers, is a property of Desalitech Proecti (I Size: Scale: Revision: Sheet:
Ltd. and the information contained herein is a proprietary information which rojection 3/8"=1"0"
is not to be disclosed to anyone without prior written or said by the company. C / - 04 1 Of 3
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SECTION K-k For Construction
SCALE 3/8"=1'0"
Designed by: Checked by: Approved by: Project:
Igor Komkov 30.Jan.2018|Shimi G. 13.Feb.2018 EMWD Reflex RO5
Unless Other Specified: Part Number:
DESALITECH

NOTES:
1) All dimensions in inches.

Desali

Advanced Desalination Technologies

One Gateway Center,
Suite 809Newton,

MA 02458

Phone: (617) 564 1647

Confidential Information

All Dimentions are in inches.
Tolerances:

Linear £1/16"; Angular £0.5

EMWD GA R05

Drawing Number:

GA-EMWD-R05-01

This drawing, the design and the patents it covers, is a property of Desalitech FIrS.t Aqgle (I Size: Scale: Revision: Sheet:
Ltd. and the information contained herein is a proprietary information which Pro_'|ect|on 1 2||_ 1|0u
is not to be disclosed to anyone without prior written or said by the company. C / - 04 2 Of 3
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254 5/16 SCALE 3/8"=1'0" D1 \
311 1/4 D3 1
410 7/8
419 7/8 a
441 1/2
448 1/2
450 7/8 -
453 5/16
462 7/8
EXTERNAL PIPING CONNECTIONS
No. Name of Connection SIZE Type of Connection
Al | Raw Inlet to Feed tank 3" PVC Flange #150
A2 Brine Il'tl-'aert;kto Feed 3" PVC FIange #150
B1 Brine to Drain 3" PVC Flange #150 For Construction
B2 RO Feed Brine 3" PVC Flange #150
c1 Overflow of CIP T-03 4 PVC Flange #150 _ﬂ Designed by: Checked by: Approved by: Project:
. ti”k A Igor Komkov  30.Jan.2018|Shimi G. 13.Feb.2018 EMWD Reflex RO5
2 Overflow t(:)anil:(eed T-01 4" PVC Flange #150 - DESALITECH Unle_ss Oth_er Specifieq: Part Number:
C3 | RO Permeate outlet 3" PVC Flange #150 D ‘ One Gateway Center, ﬁglg;;i';ts'?ns are in inches. EMWD GA R05
D1 | Drain collector to Drain | 2" PVC Flange #150 ot e?? t.' & oL BooNewton, Linear +1/16" Anqular £0.5
Drain let of Feed . S Siaanba Phone: (617) 564 1647 inear £1/16"; Angular 0. Drawing Number:
D2 a OUtt etko ee " PVC FIange #150 NOTES:
an 1) All dimensions in inches. . ; - _ GA-EMWD-R05-01
D3 | DrainofCIPtank | 11/2" | PVC Flange #150 : T it e s ot covers 13 ropety o | PGS (] Size: | Scale: [ Revision: [ Sheet:
E Comp. Air to RO 3/8" Tube adapter s ot 10 B disctoaat) 1o Ay ome v thous Brior ritsor or Yaidl by tha cormpany. C 3/4"=1'0" 04 30f 3
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[e)]

PLUMBING CONNECTION
SYMBOLS
{7t | FLANGE CONNECTION

sze

1Pk | PLUG CONNECTION

sze

it |THREADED CONNECTION

size

¢t | GROOVED CONNECTION

size

{S} | SOCKET CONNECTION

sz

{78t | TUBE CONNECTION

sze

{4t | UNION CONNECTION

size

TAG LOCAL MOUNT

TAG PANEL MOUNT

TAG BACK MOUNT

OO O

A SUPPLIED BY WWT/INSTALLED BY OTHERS

A SUPPLIED AND INSTALLED BY OTHERS

|O| BALL VALVE OPEN DURING NORMAL OPERATION

|.| BALL VALVE CLOSED DURING NORMAL OPERATION
|/®/| BUTTERFLY VALVE OPEN DURING NORMAL OPERATION
|‘| BUTTERFLY VALVE CLOSED DURING NORMAL OPERATION

I:Oi] GLOBE VALVE OPEN DURING NORMAL OPERATION

M GLOBE VALVE CLOSED DURING NORMAL OPERATION

L
>]

><

||

CHECK VALVE

NEEDLE VALVE OPEN DURING NORMAL OPERATION

NEEDLE VALVE CLOSED DURING NORMAL OPERATION

V—NOTCH (CHARACTERIZED) BALL VALVE

SOLENOID VALVE OPEN DURING NORMAL OPERATION

SOLENOID VALVE CLOSED DURING NORMAL OPERATION

PLUG VALVE

VACUUM RELIEF VALVE

V‘.‘ ‘F V‘W
N N N A

N rY N o
N I NGY RN

OROJOR
N B N B NG % B NS

=
N

N e
I INGY

OION-ROIOICIORORCRONOROJOR0

INPUT / OUTPUT MOUNTED AT POINT OF MEASUREMENT

INPUT / OUTPUT MOUNTED ON OUTSIDE OF PANEL

INPUT / OUTPUT MOUNTED INSIDE PANEL

LIMIT SWITCH CLOSED MOUNTED ON VALVE

LIMIT SWITCH OPEN MOUNTED ON VALVE

PRESSURE INDICATING TRANSMITTER

TEMPERATURE CONTROLLED SWITCH

HEATER CONTROL

SOLENOID VALVE MOUNTED INSIDE PANEL

MOTOR CONTACTOR MOUNTED INSIDE PANEL

MOTOR OVER AMP SWITCH MOUNTED INSIDE PANEL

VARIABLE SPEED DRIVE RUN SIGNAL

VARIABLE SPEED DRIVE AUX. SIGNAL

VARIABLE SPEED DRIVE SPEED SIGNAL

CURRENT / PNEUMATIC POSITIONER

FLOW INDICATING TRANSMITTER MOUNTED ON ELEMENT

ANALOG INDICATING TRANSMITTER MOUNTED ON PANEL DOOR

HEATING ELEMENT

TEMPERATURE GAUGE

ARROW EQUIPMENT/SKID CONNECTION

ARROW PROCESS TO OTHER PAGE

Z# DIGITAL INPUT TO PLC LINE 7

LINE 2

LINE 3

%Z DIGITAL OUTPUT TO PLC

LINE 7
* A | LNE 2
ANALOG INPUT TO PLC TINE 3
* ANALOG OUTPUT FROM PLC LINE 1
A | LNE 2
LINE 3

ARROW PROCESS TO SAME PAGE

EQUIPMENT BOUNDARY

SCH10 316 SS PIPING

SCH80 PVC PIPING

SCH40 CLEAR PVC PIPING

LLDPE SAMPLE TUBING

PVDF TUBING

PNEUMATIC TUBING

PIPING PROVIDED BY OTHERS

DIFFERENTIAL PRESSURE SWITCH

CARTRIDGE FILTER HOUSING

FLOW ELEMENT

RO PRESSURE VESSLE HOUSING

T

ANALOG ELEMENT FOR PH

OROIOXOXC,

BBV BLOCK AND BLEED VALVE

COND/TEMP
ANALOG ELEMENT FOR CONDUCTIVITY / TEMP

PRESSURE SWITCH

(A
S MEMBRANE SEPARATION
ULTRAVIOLET

BANVS

QX MHTD

MUFFLER

CHEMICAL METERING PUMP

CALIBRATION COLUMN

CENTRIFUGAL PUMP

IN LINE MIXER

PACKAGED AIR COMPRESOR

DIAPHRAGM SEAL

TURBINE FLOW SENSOR

VORTEX FLOW SENSOR

ELECTROMAGNETIC FLOW SENSOR

PADDLE WHEEL FLOW SENSOR

VARIABLE AREA FLOW INDICATOR / ROTAMETER

%]» FLOW ORIFICE B
%]* PRESSURE RELIEF VALVE
FLOW CONTROLLER @ CHECK  VALVE
—%» PRESSURE & VACUUM RELIEF VALVE VACUUM BREAKER
STATIC MIXER @ TANK
@ PRESSURE REGULATING VALVE — PILOT HAND VALVE @ CALIBRATION COLUMN % PULSATION DAMPENER
—5— DIELECTRIC UNION
PRESSURE REDUCING VALVE — PILOT AUTOMATIC VALVE NORMALLY CLOSED PULSATION DAMPENER -
D CONCENTRIC REDUCER
PRESSURE REGULATING VALVE — SELF ACT PRESSURE GAUGE
PRESSURE RELIEF VALVE 0 ECCENTRIC. REDUCER
% PRESSURE REDUCING VALVE — SELF ACT CEAR] GEAR OPERATOR ON VALVE A STRAINER Y — TYPE
AIR RELEASE VALVE
CaJ 3-waY VALVE e =] EDUCTOR
COMBINATION RELIEF VALVE
% A= WAY VALVE D AIR OVER DOUBLE DIAPHRAGM PUMP
PRESSURE ELEMENT
STRAINER
A
UNCONTROLLED IF PRINTED (UNLESS STAMPED OTHERWISE) B | 9/29/20 [ EIP [ sAB [ADDED AODD PUMP SYMBOL AND STR LABEL NOTICE ON REPRODUCTIONS DRAWN BY Dlé\TE TITLE PROCESS AND INSTRUMENTATION DIAGRAM
NOTE 1. EIP 10/29/19 P & ID LEGEND
NOTE 2. FORMATS 15 THE SOLE PROPERTY OF | g BY | , AT e
INCE 1
NOTE 3. WIGEN WATER TECHNOLOGIES, INC., SAB L1/15/19 |"CLIENT NAME EASTERN MUNICIPAL WATER DISTRICT (EMWD)
NOTE 4. REPRODUCTION IS STRICTLY SIZE SCALE UF CONTAINERIZED SYSTEM WATER TECHNOLOGIES
NOTE 5. PROHIBITED WITHOUT PRIOR WRITTEN D NONE 302 LAKE HAZELTINE DRIVE
NOTE 6. CONSENT. FILE TYPE PROJECT NUMBER DRAWING NUMBER SHEET |REV A oS USh
DRAWING NOTES REV| DATE |DWN|APVD DESCRIPTION ACAD €-3499-1019 €-3499-200-1 1OF1 | B WWW.WIGEN.COM
7 5 4 3 2 1 7.3.3F - D Size Title Block_REV A




8 7 6 5 4 3 2
78
| D
- CONTAINER BOUNDARY
|
|
\
- UF FEED SYSTEM |
| UF FEED PUMP A
‘ GOULDS — 15SHO6C7HT3F2 | —
\ 127 GPM @ 45 PS/ INSTRUMENT RANGES / SETPOINTS
7.5 HP, 460/3/60, PE—TEFC
\ TAG# RANGE | SET POINT
} AUTO—STRAINER o i) il
AMIAD 37 SAF 1500 Lo ‘ PT—1006 | 0-50 N/A
| yY4 2 A R R R
| 0.25HP, 480/3,/60 71r17171 } PRESSURE | PsSI
| DD oo e I
’@ 1 P N
| b AE—1038 | 0.01-2 N/A
TERTIARY EFFLUENT ] ! A A T AMMONIA |~ PPM ¢
FROM TF W TT—1039 |—40,/302 N/A
127 GPM (GRAV/TY) TEMP DEG F
T . PT—1040 | 0-50 PAH—50
| 5 PRESSURE | PSI
| T T 2.0 g
F 3.0 F 3.0 “
\ T T A @ :
‘ A‘ A UF #1 FEED
\ g e s 64 GPM MAX -
\ N
“ UF #2 FEED
| S - T o8B
| | ¢l s B @ e @ WAL »a 64 GPM MAX
‘ i 8 SAMPLE L J
| o) o
_ ) ' PRE—STRAINER BW
| - - - C | 10 wasTE .
| 50-() 50-(#) 50 (i) 26 GPut
| BISULFITE INJECTIO 4 4 §§
|\ | 0 uF FEED
‘ 30 GPD MAX
DWG C—3499—-205—1
|
‘ NaOC/l INJECTION
| [) | 70 UF FEED
‘ 30 GPD MAX
‘ DWG C—3499—-205—1
‘ AMM. SULFATE INJ.
| E | 0 uF FEED
‘ 30 GPD MAX
‘ DWG C—3499—-205—1
Lo L L L L L L L L L L L L L L L L L L L L L L
CONTAINER CONNECTIONS PER DWG C—3499—100—1 A
UNCONTROLLED IF PRINTED (UNLESS STAMPED OTHERWISE) B | 1/10/20 | EIP | BCC | ADDED BISULFITE INJ, MOVED AMMONIA ANA. TO UF FILTRATE - TO SHOP NOTICE ON REPRODUCTIONS DRAWN BY| DATE | TITLE PROCESS AND INSTRUMENTATION DIAGRAM
NOTE 1. C | 4/1/20 | EIP | SAB | CHANGE TAG # ON SOD. BISULFITE INJECTION QUILL / HV EIP 10/29/19 UF FEED EQUIPMENT
NOTE 2. D | 9/29/20 | EIP | SAB |[CHANGED TURB METER RANGE, AS STARTED UP FO;&'E??&L"EE';&'; Qéa';"EiDTI;‘*OF CHK'DBY | DATE . e
NOTE 3. WIGEN WATER TECHNOLOGIES, INC., SAB L1/15/19 |"CLIENT NAME EASTERN MUNICIPAL WATER DISTRICT (EMWD) =
NOTE 4. REPRODUCTION IS STRICTLY SIZE SCALE UF CONTAINERIZED SYSTEM WATER TECHNOLOGIES
NOTE 5. PROHIBITED WITHOUT PRIOR WRITTEN D 302 LAKE HAZELTINE DRIVE
NOTE 6. CONSENT. FILE TYPE PROJECT NUMBER DRAWING NUMBER SHEET |REV A oS USh
DRAWING NOTES REV| DATE |DWN|APVD DESCRIPTION ACAD €-3499-1019 €-3499-201-1 1OFL | D WWW.WIGEN.COM
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5

3
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D
1
CONTAINER BOUNDRY Y |
VoA
[2%) sy 20 GPH ‘
Ly
(8 \
. .
4
o G
F S/
! NH3
(e ‘
NG
Q 12mm ‘
UF SKID 41 Vs
Y \
INSTRUMENT RANGES / SETPOINTS 2“ Voo ‘
N7
TAG# RANGE SET POINT Ne °
FIT—2002 2-158 FAH-75 @ 8 ‘ UF FILTRATE
F\TH:CZ)gOIt DG—PsMo FAH—50 < H’f K | 0 sw 7ank
PRESSURE| PSI sl " 30 127 GPM MAX
PIT—2018 0-50 PAH-50 N _ — —
PRESSURE | PS| UF #2 FILTRATE ‘ o ¢=3499-204-1
AE—2025 | 0.001-1 AAH-0.1 J FROM UF //42
TURBIDITY | NTU 64 CPN Max ‘
DWG C—3499—-203—1 |
UF #1 BW FEED ‘
F | From BwW PUMP - ‘
80 GPM @ 30 PS| G 2.0 G20 G 2.0 G 2.0
DWG C—3499—204—1 ‘
F #1 CIP RETURN
70 cip TANK | (5 |
80 GPM MAX G20 G 2.0 G20
DWG C—3499—204—1 |
UF #1 FEED 20 20 G20 G20 ‘
A\ | FROM PRE—STRAINER L L L =
64 GPM MAX |
DWG C—3499—-201—1 |
705 705 TO0S5 TO0S5
T T ‘
UF MEMBRANES ‘
QTY: (4) TORAY HFU-2020AN
UF #7 CIP FEED SURFACE AREA — 775 SQUARE FEET EACH ‘ ‘ B WASTE
H | From cip_pump ‘Frf— TO DRAIN
80 GPM @ 30 PS| 2.0 80 GPM @ 5 PS|
DWG C—3499—204—1 IF 72 W WASTE ‘
Y || FRoM UF #2
Pzt voc 80 GPM @ 5 PSJ |
2 () DWG C—3499—203—1 |
UF #1 AIR SCOUR T @ @ PRE—STRAINER BW ‘
| |Ano o are suppLy 120 ] C | FrROM PRE-STRAINER
14 SCFM @ 25 P, - o5 05 29 CPM MAX |
DWG C—3499—206—1 DWG C—3499—201—1 I
20
CONTAINER CONNECTIONS PER DWG C—3499—100—1 —@
U N WASTE FROM INST.
77777 FLOOR DRAINS
(GRAVITY)
DWG C—3499—204—1 A
UNCONTROLLED IF PRINTED (UNLESS STAMPED OTHERWISE) B | 1/10/20 | EIP | SAB | MOVE AMMONIA ANA. TO UF FILTRATE - TO SHOP NOTICE ON REPRODUCTIONS DRAWN BY Dlé\TE TITLE PROCESS AND INSTRUMENTATION DIAGRAM
NOTE 1. C | 9/29/20 [ EIP | SAB [CHANGED RANGE OR FILTRATE TURB. METER, AS STARTED UP EIP 10/29/19 UF MEMBRANE RACK #1
NOTE 2. THIS DOCUMENT IN ALL MEDIA CHKDBY | DATE
FORMATS IS THE SOLE PROPERTY OF SINCE 1965
NOTE 3. WIGEN WATER TECHNOLOGIES, INC., SAB 11/15/19 [ CLIENT NAME EASTERN MUNICIPAL WATER DISTRICT (EMWD)
NOTE 4. REPRODUCTION IS STRICTLY SIDZE s:\‘c&\lL: UF CONTAINERIZED SYSTEM WATER TECHNOLOGIES
NOTE 5. PROHIBITED WITHOUT PRIOR WRITTEN 302 LAKE HAZELTINE DRIVE
NOTE 6. CONSENT. FILE TYPE PROJECT NUMBER DRAWING NUMBER SHEET | REV A oS USh
DRAWING NOTES REV| DATE |DWN|APVD DESCRIPTION ACAD €-3499-1019 €-3499-202-1 1OF1 | C WWW.WIGEN.COM
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CONTAINER  BOUNDRY

UE SKID #2

INSTRUMENT RANGES / SETPOINTS

TAG# RANGE SET POINT

FIT-3002 | 2-158
FLOW GPM

FAH-75

PIT-3004 0-50
PRESSURE PSI

PAH-50

PIT-3018 0-50
PRESSURE PSI

PAH—-50

UF #2 BW FEED

UF #2 FILTRATE

J | 70 UF #1
64 _GPM _MAX

DWG C—-3499-202—1

N | FrRoM Bw PUMP
80 GPM @ 30 PS)

DWG C—-3499-204—1

UF #2 CIP RETURN

loh

loH

0 cip TANK| ()
80 GPM MAX

DWG C—-3499-204—1

UF #2 FEED

loH

ok

2X0.5 2X0.5
G20 G20
T T

R

|oF

205
2.0

4

B FROM PRE—STRAINER
64 GPM MAX

DWG C-3499-201-1

UF #2 CIP FEED

P | rroM cip pUMP
80 CPM @ 30 Ps)

DWG C—-3499-204—1

UF #2 AIR SCOUR

UF MEMBRANES
QTY: (4) TORAY HFU—2020AN
SURFACE AREA — 775 SQUARE FEET EACH

UF #2 BW WASTE

<

7N e

Q AND DIT AIR SUPPLY
14 SCFM @ 25 P,

DWG C—-3499-206—1

| |70 UF #1
80 GPM @ 5 PsI

DWG C—-3499-202—1

UNCONTROLLED IF PRINTED (UNLESS STAMPED OTHERWISE)

1/15/20

EIP

BCC

FIXED TAG NUMBERS - TO SHOP NOTICE ON REPRODUCTIONS

NOTE 1.
NOTE 2.
NOTE 3.
NOTE 4.
NOTE 5.
NOTE 6.

THIS DOCUMENT IN ALL MEDIA

FORMATS IS THE SOLE PROPERTY OF

WIGEN WATER TECHNOLOGIES, INC.,
REPRODUCTION IS STRICTLY

PROHIBITED WITHOUT PRIOR WRITTEN

CONSENT.

DRAWING NOTES

REV

DATE

DWN

APVD|

DESCRIPTION

DRAWN BY| DATE
EIP 10/29/19

CHK'D BY DATE
SAB 11/15/19

TITLE

PROCESS AND INSTRUMENTATION DIAGRAM

UF MEMBRANE RACK #2

SIZE SCALE
D NONE

CLIENT NAME EASTERN

MUNICIPAL WATER DISTRICT (EMWD)
MF CONTAINERIZED SYSTEM

FILE TYPE
ACAD

PROJECT NUMBER
C-3499-1019

DRAWING NUMBER
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SHEET
10F1
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VENT INSTRUMENT RANGES / SETPOINTS
——
- 1 : TAG# RANGE SET POINT
A@ 40 [T—4001 | 0-25 LAL—1
UF FILTRATE @ @ LEVEL FEET
TO BW/FILTRATE TANK >———————— F PSH—-4013| 0—-145 PSH-30 D
K |10 Bu ez 1 | BACKWASH /" CIP PUMP SYSTEM pressRe | esi- |
! = = =
DWG C—3499-202—1 @ A FLow GPM FAL—60
™ "oveRFLOW |4} ‘ UF BACKWASH SUPPLY PUMP [T—4107 [ 025 LAL=1
| = GOULDS — 01SHO6CO5T3F2 AE-4123 | 0-14 AAH-13
‘ N 80 GPM @ 30 PSI pH |oH UNITS|  AAL-2
} @\T A 5 HP, 460/3/60, PE—TEFC ‘ AEFTZS [ Sz 212 [ TAR-T05
| 0-73 ‘ ‘A AE—4124 | 0.01-20 N/A
| UF BW/FILTRATE TANK ‘ COND ms
| SNYDER — 57190000N—-01 A Ezgg&gé o—PwSz‘ts PSH—30
3900 GALLONS i
UF FILTRATE
0 Coro 7777; 7777777 F@ BLACK HDPE :]
90 GPM AVERAGE 3.0
| |
| @(\)TS A (2 UF 1 BW FEED
| AN e i ~U F | FrRoM 8w PUMP
I 4}\. @F ,,,,,,,,,,,,,,,,,,,,,, F 20 80 GPM @ 30 PSl
} s tuF 5.0 30 3.H, DWG C—3499-202—1
| TANK CONNECTIONS PER DWG C—-3499—102—1
| UF #2 BW FEED
| — N | FrRom 8w PumP
| 80 GPM @ 30 PS)
} DWG C—3499-203—1
\
\
CCRO PERMEATE L ‘ F #1 CIP RETURN
CIP TANK FILL - {4 ey = Fi 70 ¢l TANK | (5 c
40 GPM MAX r 2.0 @ ~97 80 GPM MAX
| SULFURIC ACID ? @ = DWG C—3499—202—1
| . FROM CCRO SYSTEM 7| |®| a4
| @ 0.5 GPM MAX 05 PVDF TUBING o e _~UF #2 CIP_RETURN 0
@ 70 CIP TANK
| r F F NaOH INJECTION
| I overeLow 3,0@ @z.oF } R | 76%0 e | . 80 CPM MAX
| \ A 0.5 GPM os™ osa DWG C—3499-203—1
‘ ‘
\ [ o CITRIC INJECTION
| ! @ S |70 UF cp ‘
| | NG 0.5 GPM 05 0.5x1
| @ I @ UF CIP PUMP . —
| | ALl N GOULDS — 01SHOBCO5T3F2 S — @
} | UF CIP/NEUT TANK | 80 6PN © JO PSI T o U op e q
| | SNYDER — 2000 CAL | A 5 HP, 460/3,/60, PE-TEFC ‘ 05 en LN o
| | 5070000N & 7930000| A : p
\ ‘ BLACK HDPE = NaOCI INJECTION
| \ POWDER COATED STAND| |94 U | 70 oF cie I q
| | T @A 0.5 GPM o™ osh
| } @ 05
\
| ‘ 3.0
| 2 BASKET
} | i @ STRAINER 1 u
S F & 2.0
‘rﬂ% TANK CONNECTIONS PER DWG C—3499—101—1 uH w0 B
WASTE FROM INST, |
M | FLooR DRAINS < 1 v
(GRAVITY) | UF CIP BASKET STRAINER s
DWG C—3499-204—1 \ HAYWARD — PVC/VITON | % U?.mvw
} 200 5/”@53555 77 6Ug§0NSSCREEN Z} T H UF #1 CIP FEED
N
SUMP WASTE \ VENT @@ F Fl H | From cip PuMP
TO DRANF———————————— —— - [ | w 5 T 0 80 GPM @ 30 PS)
50 GPM @ 29° MAX A@ AN N — im WE 34992071
L UF WASTE SUMP -
K‘7 A ‘ 360 X 72" DEEP CIP TANK HEATER UF #2 CIP FEED
P ‘ FRP WATLOW — 2100—6452 —— P | rrom cip_Pump -
™~ A 5" FLANGE-316 SS 50 GPM 6 50 P3)
A A ) 12 KILOWATT INCOLOY DWG C—3499—-203—1
L | ‘ @ ELEMENTS — 460VAC
\ e IN 316 HOUSING
3 LR ORO
! UF CIP WASTE
, @ A PUMP TO DRAIN F
““A @ A 80 GPM MAX 2.0
SUMP PUMP ************************i*ff*********************%
B PUMBS — Eyogss CONTAINER CONNECTIONS PER DWG C—3499—100—1
316 SS MATERIALS
50 GPM @ 29' HEAD A
UNCONTROLLED IF PRINTED (UNLESS STAMPED OTHERWISE) B | 12/11/19 [ EIP | TIC [CHANGED TO 3900 GALLON FILTRATE TANK VOLUME, HEATER MODEL NOTICE ON REPRODUCTIONS DRAWN BY Dlé\TE TITLE PROCESS AND INSTRUMENTATION DIAGRAM
NOTE 1. Cc | 9/29/20 | EIP | sAB [REMOVED CIP TANK DRAIN VALVE, CCRO INLET VALVE, SUMP VALVES EIP 10/29/19 FILTRATE / BACKWASH / CIP EQUIPMENT
NOTE 2. THIS DOCUMENT IN ALL MEDIA CHKDBY | DATE
FORMATS IS THE SOLE PROPERTY OF SINCE 1965
NOTE 3. WIGEN WATER TECHNOLOGIES, INC., SAB L1/15/19 |"CLIENT NAME EASTERN MUNICIPAL WATER DISTRICT (EMWD)
NOTE 4. REPRODUCTION IS STRICTLY SIZE SCALE UF CONTAINERIZED SYSTEM WATER TECHNOLOGIES
NOTE 5. PROHIBITED WITHOUT PRIOR WRITTEN D NONE 302 LAKE HAZELTINE DRIVE
NOTE 6. CONSENT. FILE TYPE PROJECT NUMBER DRAWING NUMBER SHEET |REV A oS USh
DRAWING NOTES REV| DATE |DWN|APVD DESCRIPTION ACAD €-3499-1019 €-3499-204-1 1OF1 | C WWW.WIGEN.COM
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h777777777777777777777777777777777777777%
40% AMM. SULFATE ‘
FILL PORT 7ﬂT}'
1.0
|
\ A D
2% 7s10  To0§ T
| 5
‘ N A
.
‘ o.‘75 @
T O
‘ D (‘),5 D Iovsl °
\ 0% g\gMgANL/LUgN SEL%EE TANK e AMM. SULFATE INJ.
TO UF FEED
| ON CONTAINMENT TRAY o E ey
DWG C—3499—201—1 —
| 40% AMMONIUM SULFATE
| UF FEED DOSING PUMP
GRUNDFOS DDA 7.5—16
| MAX FLOW: 125 mL/MIN
3000:1 TURNDOWN
‘ MAX PRESSURE = 232 PSI
‘ INSTRUMENT RANGES / SETPOINTS
‘ TAG# RANGE | SET POINT
PS—5013 | 20-180 PAH—100
‘ PRESSURE PSI C
PS—5113 | 20-180 PAH—100
| PRESSURE| ~ PsI
PS—5133 | 20-180 PAH—60
‘ PRESSURE PSI
\ - !
‘ 05’ o —
("_SAMPLE T
\ BISULFITE INJECTIO
| T |70 UF cP
ﬁ 0.5 GPM
| 35% SODIUM BISULFITE § bwe C=3499-204—1
NEUT DOSING PUMP 8
\ WILDEN 00—9616 AIR DIAPHRAGM PUMP e
| MAX FLOW — 1 GPM
35% SODIUM BISULFIT! B
FILL PORT
|
A
5% 1S1.0T0570.5] T
(&)
N A
.
O.‘75 @
T
D 0.5 D 0. L
35%6202;%/{10%/59LZZ§DETANK \/ BISULFITE INJECTIO
TO UF FEED
ON CONTAINMENT TRAY L0 Gen
DWG C—3499-201—1
38% SODIUM BISULFITE
UF FEED DOSING PUMP
GRUNDFOS DDA 7.5-16
MAX FLOW: 125 mL/MIN
3000:1 TURNDOWN
MAX PRESSURE = 232 PSI
e A
CONTAINER CONNECTIONS PER DWG C—3499—100—1
UNCONTROLLED IF PRINTED (UNLESS STAMPED OTHERWISE) B | 1/1520 | EIP | BCC | FIXED VALVE TYPE, TAG NUMBER - TO SHOP NOTICE ON REPRODUCTIONS DRAWN BY DIé\TE TITLE PROCESS AND INSTRUMENTATION DIAGRAM
NOTE 1. ¢ | 1/21/20 | EIP | BCC | ADDED FEED BISULFITE INJECITON SYSTEM EIP 10/29/19 CHEMICAL DOSING SYSTEMS
NOTE 2. D | 3/27/20 [ EIP | SAB [ADDED PRV / NEDDLE VALVE TO AIR PUMPS THIS DOCUMENT IN ALL MEDIA CHK'DBY | DATE
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Introduction

On 04/26/2021, a membrane was received for autopsy. This report describes the membrane
autopsy procedures performed for SPI Engineering- EMWD CCRO Pilot.
The observed findings are presented herein.

Membrane Information

Element . Element
Position Manufacturer Model Number Serial Number Diameter
Tail Position Filmtec Fortilife CR100i T7784622 8”

Table 1: Membrane Information.

Figure 1: Membrane Information.

Figure 2: Serial number.




Shipping and Handling Condition

The element arrived at AWC’s facility packaged in a cardboard box and closed with tape. The
element was packaged in a cardboard box. The element was placed inside plastic bags and closed
with tape.

Figure 3:The element arrived at AWC’s facility packaged in a cardboard box and closed
with tape.

Figure 5: The element was placed inside plastic bags and closed with tape.



Element Weight

The module was weighed as received in wet condition.

Results
Membrane Typical Clean
Manufacturer Model (as received) Membrane wet
wet weight (Ibs) weight (Ibs)
Filmtec Fortilife CR100i 29.8 Ibs 32-35 Ibs

Table 2: Weight Test Results.



External Inspection

The external condition of the element was inspected and recorded.

Fiberglass Shell and Anti-telescoping Devices (ATDs)

The element appeared to be in good condition.

Figure 7: Brine seal.

Figure 8: Outer diameter of the feed ATD, after removing the brine seal.



Figure 9: Feed ATD.

Figure 10: Feed ATD.



Figure 12: Concentrate ATD.



Full Element Performance Test

A wet test was performed prior to opening the membrane.

Test Conditions:

Test Protocol
(Specific to membrane
manufacturer's spec sheet)

Membrane Make Filmtec
and Model: Fortilife CR100i
Membrane Serial T7784622
Number:
Membrane Position: Tail (CCRO)
Feed Solution and
Concentration (ppm): 2000 ppm, NaCl
Feed solution pH: 8
Feed solution
2 o
Temperature (°C): >°C
Feed Pressure (PSI): 225 psi
Feed Flow (gpm):
(Target) 53.24
Spec QC range +15%
(max/min): -15%

Results

Initial performance testing showed membrane flux to be ~2.68% below manufacturer’s nominal
specification. Membrane salt rejection (normalized for flux) was ~0.14% above the
manufacturer’s nominal specification. The differential pressure across the element was within the

expected range.
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Full Element Performance Test

S#HT 7784622
Feed Temperature (°C): 30.0
Feed Solution pH: 7.51
VED Setting (Hz): 50.0
GPM | GPD
Feed NaCl: 2028 PPM Feed Flow | 53.6 | 77186
Concentrate NaCl: 2433 PPM Concentrate Flow | 44.6 | 64224
Permeate NaCl: 4 PPM Permeate Flow 9.0 12962
Feed Conductivity: 3920 us/cm Differential Pressure (PSI) 1.9
Concentrate Conductivity: 4689 us/cm Applied Pressure (PSI) | 225
Permeate Conductivity: 8.63 us/cm Average Pressure (PSI) | 224
SDI of Test Solution Before Testing: 1.02 Membrane Surface Area (ft?) | 400
SDI of Test Solution After Testing: 3.95
Recovery based on Flow Rates (%) | 16.79%
Flux (GFD) 324
Specific Flux (GFD/PSI) 0.14
Temperature Correction Factor | 1.1574
Temperature Corrected Flow (GPM) 7.78
Temperature Corrected Salt Rejection (%) | 99.84%
Manufacturer | Manufacturer "I?\e \Q,:%X:lflt ¢ %Difference %Difference
Specification | Specification X from Nominal | from Minimum
(nominal) | (minimum) | (Normalized | oo gication | Specification
to 25°C) P P
Permeate Flow (GPD) 11500 9775 11199.5 -2.61% +14.57%
Recovery (%) 15.0% 12.8% 14.6% -2.61% +14.57%
Flux (GFD) 28.75 24.44 28.00 -2.61% +14.57%
Specific Flux 0.146 0.124 0.142 -2.68% +14.49%
Salt Rejection (%) (NaCl) 99.70% 99.40% 99.84% +0.14% +0.44%
Salt rejection i i 99.84% +0.14% +0.44%
normalized for flux
AP — Spec Test Condition 4.3 4.3% i i i
Avg. Flow
AP — Measured Avg. Flow 4.2* - 2.0 -52.56% -

* Estimated based on Reynolds number (function of feed spacer height, temperature, cross-flow velocity)
and friction coefficient of 6.23Re2.
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Vacuum Test

A vacuum test is performed in order to determine the presence of leaks in the membrane. Leaks
may occur through damage of the membrane surface by abrasion, delamination or water
hammer. While the membrane is completely drained, the element is evacuated to 1.5 - 4.5 psi
absolute pressure. An isolation valve is then closed and the element monitored for pressure

decay. A rapid pressure gain greater than 1.5 psi per minute would be indicative of a significant
breach in integrity.

Results

The membrane passed the vacuum integrity test.

Start Pressure Pressure Pressure Gain
Pressure after 1 min | after 2 min (PS1) Pass/Fail
(PSI) (PSI) (PSI)
Trial #1 -3.21 -2.14 -2.99 +0.22 Pass
Trial #2 -3.27 -3.15 -3.05 +0.22 Pass

Table 3: Vacuum test results.
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ATD and Fiberglass Shell Removal

No telescoping was observed at the concentrate end of the element.

Figure 14: The feed end of the element.
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Figure 16: No telescoping was observed on the concentrate end of the element.
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Inspection of Membrane Leaves and Foulant Collection

Light foulant deposition was observed on the membrane leaves.

Figure 17: Membrane unraveled.

Figure 18: Light foulant deposition was observed on the membrane leaves.
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Figure 19: Foulant collected after addition of water.

Figure 20: Collection from one leaf was slightly turbid.
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Inspection of Membrane Feed Spacers

The feed spacers appeared clean and intact to the naked eye.

Figure 21: The feed spacers appeared clean and intact to the naked eye.
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Inspection of Membrane Glue Lines

No osmotic bubbling was observed along the glue line.

Figure 22: No osmotic bubbling was observed along the glue line.
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Inspection of Permeate Side of Membrane leaves

The permeate side of the membrane appeared clean and intact to the naked eye.

Flow Direction

Figure 23: The permeate side of the membrane.

Figure 24: The permeate side of the membrane appeared clean and intact to the naked eye.
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Inspection of Permeate Spacers

The permeate spacers appeared clean and intact to the naked eye.

Figure 25: The permeate spacers appeared clean and intact to the naked eye.
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Foulant Surface Density

The foulant surface density is used to quantify the extent of fouling and/or scaling on the membrane
surface by calculating the ratio of foulant mass to the surface area from which it was collected.
The calculation is performed on the foulant upon collection, and again after dehydration at 105°C.
Since all elements are performance tested prior to autopsy, water introduced during the testing will
interfere with the foulant density values. This test is limited to material that can be scraped from
the surface using a spatula; in cases where the foulant is tightly adhered to the membrane surface;
deionized water is sprayed on the surface to facilitate collection. For these reasons, only the
dehydrated foulant surface density value is consistently reliable.

Results

The foulant density was ~0.19 pg/cm?when dehydrated; this was considered extremely low.

DI Water Spray
Wet Dehydrated required (Y/N)
Foulant Surface 2
Density - i !

Loss on Ignition Test of Foulant

A Loss on Ignition (LOI) test is performed to determine the organic/inorganic content of the
foulant. The collected foulant samples are first heated at 105 °C overnight to remove moisture
and volatile compounds. The dehydrated samples are then fired at 450 °C for 8 hours to combust
any organic materials. The percentages of moisture, organics and inorganics are then calculated
based on the loss of mass. This test is limited to material that can be scraped from the surface
using a spatula, and the results should be considered within that context.

Results

The foulant that could be collected with a spatula was insufficient to perform this test.
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Chemical Solubility Testing of Foulant

Samples collected from the membrane surface are tested for solubility in concentrated acid.

Effervescence in the presence of acid usually indicates the presence of carbonate salts such as
calcium carbonate.

Results

The dehydrated foulant was not visibly soluble in the ~37% HCI solution.

No effervescence was observed upon the addition of acid to the dehydrated foulant.
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Foulant

Figure 26: The dehydrated foulant was not visibly soluble in the ~37% HCI solution.

Figure 27: No effervescence was observed upon the addition of acid to the dehydrated
foulant.

23



Cell Test & Cleaning Study

Cell testing is performed in order to determine the performance of the membrane. Samples of
the membrane are collected from the element and soaked in deionized water for 24 hours to help
remove fouling. They are then tested using the performance test conditions set by the
manufacturer. Salt rejection and flux measurements are compared with the manufacturer’s
specifications and the initial full element performance tests. Cell tests were performed before
and after cleaning.

Test Conditions:

Feed Pressure 225 psi
Feed Concentration 2000 ppm
Concentrate Flow 0.8 gpm
Feed Temperature 25°C

Results

Initial cell testing found permeability to be greater than the manufacturer’s specification, though
salt rejection was within specification.

The membrane coupons were cleaned first with 2% AWC C-227, a high pH chemical cleaner for
organic based matter. The cleaning was performed at pH 11.9 and 35°C for 6 hours. Permeability
increased significantly, with a slight decrease in salt rejection.

A follow up cleaning was performed with 2% AWC C-234, a low pH chemical cleaner. The
cleaning was performed at pH ~1.7 and 27°C for 2 hours. A marginal decrease in permeability
was observed, with a slight increase in salt rejection.

Overall, the membrane cleaning procedure caused further increase in membrane permeability
above the nominal specification. The salt rejection when normalized for flux was within
specification.
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Summary

Manufacturer's | Manufacturer's AWC full
Specifications Specifications | element wet test
(nominal) (minimum) results
% Salt Rejection 99.70% 99.40% 99.84%
Specific Flux (gfd/psi) 0.146 0.124 0.142
High pH: Low pH: 2% | ,, ~: . . %Difference
Initial | 2% AWC C- | AWC C-234 | YoDifference | %oDifference | o, 0  Final Salt Flux
Final Final Rejection .
Flat Sheet 227 at pH atpH 1.7 Vs, Spec Vs, Spec from Normalized Normalized
Performance | 11.9 35°C 27°C (nohigal) (miﬁimpum) initial for Elux Rejection
For 6 hours | For 2 hours Vs. Spec
Salt Rejection (%) 99.75% 99.69% 99.70% +0.00% +0.31% -0.05% 99.56% -0.14%
WIEISRENE 0.176 0.221 0.213 +45.81% 7154% | +21.52% N/A N/A
Specific Flux (gfd/psi)
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Figure 28: Cell test using 2000 ppm NaCl solution at 225 PSI.

Flow Direction

Figure 29: Coupons collected from the membrane.
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Dye Test

In this test, a dye solution is applied under pressure to the feed side of the membrane sheet, after
cell testing and cleaning of the membrane coupons. This allows for exposure of any damage
beneath the foulant, and can be correlated to the cell test salt rejection and flux results. The
membrane coupons are tested in the same cells in which cleaning had been performed,
eliminating the risk of surface damage due to mishandling. If the membrane is damaged
mechanically or chemically, the dye color will penetrate to the permeate side of the membrane.

Results

Minimal dye penetration to the permeate side of the membrane was observed.
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After cleaning with 2% AWC C-227 &
2% AWC C-234

Figure 30:Pressurized dye testing — feed side.

After cleaning with 2% AWC C-227 &
2% AWC C-234

Figure 31: Minimal dye penetration to the permeate side of the membrane was observed.
*Note that permeate side images were flipped horizontally for easier visual comparison.
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Fujiwara Test

This test is performed to determine whether the membrane surface or foulants have been exposed
to a halogen, such as Chlorine or Bromine. It is standard procedure to perform a Fujiwara test on

a membrane that exhibits behavior associated with oxidation damage. However, this test is only

qualitative, and has low sensitivity. The results are therefore always reviewed within the context

of membrane performance and the results of other tests.

Results

The membrane coupons tested negative for halogen exposure.

Positive Control Negative Control Membrane Coupons

Figure 32: The membrane coupons tested negative for halogen exposure.
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Electron Microscopy and X-Ray Spectroscopy Analysis
Scanning Electron Microscopy (SEM) and Energy Dispersive
Spectroscopy (EDS) with Superimposed Elemental Imaging (SEI®)

Scanning Electron Microscopy (SEM) analysis is used to determine the topography and
morphology of a sample. The SEM shows very detailed 3-dimensional images at much higher
magnification than an optical microscope.

Energy Dispersive X-ray Spectroscopy (EDS) analysis is generally performed together with
electron microscopy to identify and quantify the elemental composition of a sample surface. The
sample material is bombarded with electrons from an SEM which produce X-rays. The
produced X-rays are then measured by an X-ray dispersive spectrometer. Every chemical
element has its own characteristic wavelength by which it can be identified. EDS spectra,
together with composition (Weight percent and Atomic percent) are attached in the section.

Results

No inorganic deposits were found on the membrane surface.

Figure 33: Samples collected from the membrane.
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Fouled membrane surface

SU5000 15.0kV 9.8mm x50 BSE-ALL 90Pa

Figure 34: Electron micrograph of the membrane surface at 50X magnification.
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Ch1

Ch1 MAG: 50x HV: 15KV _WD: 9.8 mm

[va 5|

500 pr
Ch1_ MAG: 50x HV: 15KV WD: 9.8 mm Ch 1 MAG: 50x HV: 15KV _WD: 8.8 mm

Figure 35: Prismatic Elemental Delineation (PED®) of membrane surface at 50X magnification. Deposits found: No inorganic
deposits were found.
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Ch1 MAG:50x HV:15kV WD: 9.8 mm

Figure 36: Superimposed Elemental Imaging (SEI®): No inorganic deposits were found.
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SU5000 15.0kV 9.8mm x50 BSE- LL 90Pa

SU5000 15.0kV 9.8mm x1.00k BSE-ALL 90Pa
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Ch1 MAG:1000x HV:15kV' WD:9.8mm Px:0.13 pm

Figure 37: Electron micrograph of the membrane surface at 1000X magnification (Spectrum 1).
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4 5
Energy [keV]

Figure 38: EDS and composition bar graph analysis of the membrane deposit from
Spectrum 1.

1
Carbon and

Element Oxygen Ignored
[%] 1

Carbon 83.93 Atom
Oxygen 12.84 EETIE: [%]
Sulfur 2.82 Sulfur 87.21
Chlorine  0.13 Chlorine 3.95
Sodium  0.29 Sodium  8.84
100.00 100.00

Table 4: Composition table from the EDS spectrum of localized deposit from Spectrum 1.
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Ch1_MAG: 1000x HV: 15KV WD: 98 mm Ch1_ MAG: 1000x HV: 15KV WD: 9.8mm Ch1 MAG: 1000x HV: 15kV_WD: 9.8 mm

0

Ch1 MAG:1000x HV: 15KV WD: 9.8 mm

Figure 39: Prismatic Elemental Delineation (PED®) of membrane surface at 1000X magnification. Deposits found: No
inorganic deposits were found other than sodium chloride residue from membrane performance testing.

37



o1 (@S

Ch1l MAG:1000x HV:15kV - WD:9.8mm

Figure 40: Superimposed Elemental Imaging (SEI®): No inorganic deposits were found.
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FTIR analysis

Fourier Transform Infrared spectrometer (FTIR) is a powerful tool for identifying types of
chemical bonds (functional groups). The wavelength of light absorbed is characteristic to the
chemical bond. The tested material can be identified by comparing its spectrum to the spectra of
documented compounds in the database.

The following samples were analyzed with FTIR:

e The fouled membrane surface (see Figure 41).

e The cleaned membrane surface (see Figure 42).

Results: Fouled membrane surface

The spectrum of the fouled membrane surface had a strong correlation to the virgin membrane
surface (99% correlation).

Figure 41: FTIR spectrum of the fouled membrane surface.
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Results: Cleaned membrane

The cleaned membrane coupon (from the benchtop cleaning study) was directly scanned by
FTIR. The cleaned surface was found to strongly correlate (99% correlation) to the fouled
membrane suggesting that any fouling was less than 0.5 um in thickness and therefore could not
be detected by FTIR.

A virgin BW30XFR is comparable to a CR100 according to Dupont. The cleaned surface was
found to strongly correlate to a virgin membrane.

0.051

-0.00]

-0.01; T T T v
4000 3500 3000 2500 2000

cm-
Name Description
EMWD LSA#0221078 S#T7784622 cleaned membrane surface  Sample 068 By Administrator Date Thursday, May 20 2021

Figure 42: FTIR spectrum of the cleaned membrane surface.
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3500 3000 2500 2000 1500
cm-1
Name Description

EMWND LSA#0221078 S#T7784622 cleaned membrane surface Sample 068 By Administrator Date Thursday, May 20 2021
EMWD CCRO P LSA#0221078 CCRO S#T7784622 fouled membrane surface.sp Sample 077 By Administrator Date Wednesday, May 12 2021

Figure 43: FTIR spectrum of the cleaned membrane surface had a ~99% correlation to the
fouled membrane surface.

3500 3000 2500 2000

cm-
Name Description
EMWND LSA#0221078 S#T7784622 cleaned membrane surface Sample 068 By Administrator Date Thursday, May 20 2021
BWB30XFR Virgin Membrane.sp Sample 004 By Chemist Date Monday, February 26 2018

Figure 44: FTIR spectrum of the cleaned membrane surface had a ~94% correlation to a
virgin membrane.
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Biological Activity Reaction Test (BART)

Slime forming bacteria and heterotrophic aerobic bacteria (HAB) tests were performed. When
the BART tests are performed using biofilm rather than water samples, the population counts
should only be used comparatively to determine the most dominant types of bacteria.

It is important to note that the membrane is exposed to aerated water during performance testing
(typically a standard test in AWC autopsy), and this may have an impact on HAB results.

Results

The dominant types of bacteria detected were heterotrophic aerobic bacteria.

Test Test duration Day of Population
(days) failure Cfu/mL
Slime forming bacteria 8 Did not fail -
Heterotrophic aerobic bacteria 4 4 7,000

Table 5: BARTS test results
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Figure 45: SLYM - start (left), negative for slime forming bacteria (right).

Figure 46: HAB - start (left), positive for heterotrophic aerobic bacteria (right) on day 4.
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Results Summary

Initial performance testing showed membrane flux to be ~2.68% below manufacturer’s nominal
specification. Membrane salt rejection (normalized for flux) was ~0.14% above the
manufacturer’s nominal specification. The differential pressure across the element was withing
the expected range.

Light foulant deposition was observed on the membrane leaves. The foulant density was ~0.19
pg/cm? when dehydrated; this was considered extremely low.

Flat sheet testing was performed using coupons collected along the flow path of the membrane:

Initial cell testing found permeability to be greater than the manufacturer’s specification,
though salt rejection was within specification.

The membrane coupons were cleaned first with 2% AWC C-227, a high pH chemical
cleaner for organic based matter. The cleaning was performed at pH 11.9 and 35°C for 6
hours. Permeability increased significantly, with a slight decrease in salt rejection.

A follow up cleaning was performed with 2% AWC C-234, a low pH chemical cleaner.
The cleaning was performed at pH ~1.7 and 27°C for 2 hours. A marginal decrease in
permeability was observed, with a slight increase in salt rejection.

Overall, the membrane cleaning procedure caused further increase in membrane
permeability above the nominal specification. The salt rejection when normalized for flux
was within specification.

Dye testing found minimal dye penetration to the permeate side of the membrane coupon.

The Fujiwara test was negative for halogen exposure.
SEM/EDS/SEI/PED analysis found no inorganic deposits on the membrane surface.

FTIR analysis of the fouled membrane surface had a 99% correlation to a virgin membrane;
suggesting that any fouling was less than 0.5 pum in thickness and therefore could not be detected
by FTIR.

BART testing found the dominant types of bacteria detected to be heterotrophic aerobic bacteria.

Discussion and Conclusions

The element upon arrival was in excellent condition.
SEM/EDS/SEI/PED analysis found no inorganic deposits on the membrane surface.

Performance testing of the element found the permeability and salt rejection to both be within the
manufacturer’s minimal specification. Soaking the coupons in deionized water for 24 hours
resulted in a permeability that was ~20% above the nominal specification. Cleaning with AWC
C-227 followed by AWC C-234 further increased the permeability to ~45% above the nominal
specification. The results of this cleaning study suggest that an organic foulant had been
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removed from the membrane surface, but they are also indicative of underlying membrane
deterioration. The high permeability was suggestive of minor halogenation, however, the
Fujiwara test was negative.

A sample provided from the outer shell of the membrane element was analyzed (Appendix C)
and determined to consist of a silicate-based material with some calcium sulfate inclusions. No
such deposits were identified on the membrane surface. It’s not unusual to find scale formations
in the stagnant solution around the membrane elements when operating with highly concentrated
solutions in systems operating at high recovery.
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Appendix A: Fortilife CR100i

«DUPQNT»

Product Data Sheet

FilmTec™ Fortilife™ CR100i Element
Highly Durable, Contaminant Resistant, Biofouling Resistant, Brackish Water RO
Element

Description The FilmTec™ Fortilife™ product family offers industrial users areliable and highly
efficient option to help solve highly difficult water challenges, such as wastewater reuse
and minimal liquid discharge.

The FilmTec™ Fortilife™ CR 100i Element is one of the industry's most advanced fouling
resistant element technology specially designed to provide relief from biological fouling.
The element's ultra-low differential pressure (Figure 1) provides improved hydraulic
balance (more even distribution of flux across all the elements inthe system)ina
biological fouling environment such as wastewater treatment. This product also boasts a
reliable and durable membrane chemistry, providing organic fouling resistance,
cleanability, low energy operation, and excellent solute rejection.

With FilmTec™ Fortilife™ CR100i, an end user that performs frequent cleanings due to
biofouling, typically indicated by a rapid increase of the 1% stage differential pressure,
can expect’:
« Upto 50% reduction in the number of cleanings
« More effective and efficient cleaning of biofilm, organic compounds and scale,
achieved through the widest pH range in cleaning (pH 1 —13), made possible by
the most advanced FilmTec™ RO membrane sheet available today
« Upto 10% energy savings at the same water productivity
« Includes iLEC™ interdocking end caps, reducing system operating costs and the
risk of o-ring leaks that can cause poor water quality

'Relative to leading fouling resistant products currently available in the market
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Figure 1: Element differential pressure as a function of flow rate for FilmTec™
Fortilife™ CR100i Elements vs. standard elements

Product Type Spiral-wound element with polyamide thin-film composite membrane

Page 1 of4 Fomm No. 45-001780-en, Rev. 2
January 2021
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Typical Properties

Permeate Flow

Active Area Rate Minimum Salt Rejection Stabilized Salt Rejection Element dP
FilmTec™ Element f#* (m?) gpd (mid) (%) (%) typical (bar)®
FimTec™ Fortilife™ 400(37) 11,500 (44) 994 99.7 01
CR100i
1. Pemeate flow and salt (NaCl) rejection is based on the following standard test conditions: 2,000 ppm
MaCl, 225 psi{15.5ban, T7T°F (25°C), pH 8 and 15% recovery.
2. Flow rates forindividual elements mayvary but will be no more than +/-15%.
3. Salesspecifications mayvary asdesign revisionstake place,
4. Adtive area guaranteed +/-3%. Active area as stated by DuPont Water Solutions isnot comparable to
nominal membrane area often stated by some manufacturers,
5 Element dP {differential pressune)is a typical value foran element operated with a pemeate flow of 11,500
gpd and 15% recovery (average feed-concentrate flow: 11.2 m'/h)
Element B
Dimensions A
D DIA | CDIA
Fee-d)l | Fiberglass Outer Wrap i nJ
U-Cup Brine Seal EndCapl i Permeate
Dimensions — inches (mm) 1inch =254 mm
Feed Spacer A B c D
FilmTec™ Element (mil) inch (mm) inch (mm) inch {mm) inch (mm)
FimTec™ Fortilife™ CR100i 34 40.0(1,018) 40.5(1029) 7.9(201) 1.1251D(29)
1. Referte FimTec™ Design Guidelines for multiple-element systems of B-inch elements
(FormNo, 45-D01695-en),
2. Element to fitnominal 8-inch (203 mm) 1.D. pressure vesse|
3. Individualelements with LEC™ endeaps measure 40.5 inches (1,029 mm) in length (B). The netlength (A)
ofthe elements when connected is 40,0 inches (1,018 mm),
Operating and Membrane Type Palyamide Thin-Film Composite
Cleaning Limits Maximum Operating Temperature? 113°F (45°C)
Maximum Operating Pressure 600 psig (41 bar)
Maximum Element Pressure Drop 15 psig (1.0bar)
pH Range
Continuous Operation® 2-11
Short-Term Cleaning (30min.)® 1-13
Maximum Feed Sit Density Index( SDI) S015
Free Chlorine Tolerance® <0.1 ppm
a, Maximumtempemature for continuous operation abowve pH10is 85 "F (35 °C)
b. Refertoguidelinesin Cleaning Guidelines (Fom No. 45-D01686-en) for more infomation.
¢ Undercerainconditions, the presence cffree chlerine and other cxidizing agents will cause premature
failure, Sinceoxidation damageis not covered underwarranty, DuPontrecommends removing residual
free chlonne by pretreatment priorto membrane exposure. Please referto Dechlorinating Feedwater
(Fomm No. 45-D01569-en) for mere information.
Page 2 of4 FomMNo. 45-001760-en, Rev. 2

January 2021
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Additional
Important
Information

Operation
Guidelines

Product
Stewardship

Customer Notice

Page 3 of4

Before use or storage, review these additional resources for important information:
« Usage Guidelines for FilmTec™ 8"Elements (Form No. 45-D01706-en)
+ Start-Up Sequence (Form No. 45-D01609-en)
« Storage and Shipping of New FilmTec™ Elements (Form No. 45-D01633-en)

Proper start-up of reverse osmosis water treatment systems is essential to prepare the
membranes for operating service and to prevent membrane damage due to overfeeding
or hydraulic shock. Following the proper start-up sequence also helps ensure that
system operating parameters corfomm to design specifications so that system water
quality and productivity goals can be achieved.

Before initiating system start-up procedures, membrane pretreatment, loading of the
membrane elements, instrument calibration and other system checks should be
completed.

Please refer to the application information literature entitled Start-Up Sequence
(Form No. 45-D01609-en) for more information.

Avoid any abrupt pressure or cross-flow vanations on the spiral elements during start-up,
shutdown, cleaning or other sequences to prevent possible membrane damage. During
start-up, a gradual change from a standstill to operating state is recommended as
follows:
« Feed pressure should be increased gradually over a 30-60 second time frame.
+ Cross-flow velocity at set operating point should be achieved gradually over 15-
20 seconds.

Please refer to FilmTec™ R everse Osmosis Membranes Technical Manual
(Form No. 45-D01504-en).

DuPont has a fundamental concem for all who make, distribute, and use its products, and
for the environment in which we live. This concern is the basis for our product stewardship
philosophy by which we assess the safety, health, and environmental information on our
products and then take appropriate steps to protect employee and public health and our
environment. The success of our product stewardship program rests with each and every
individual involved with DuPont products—from the initial concept and research, to
manufacture, use, sale, disposal, and recyde of each product.

DuPont strongly encourages its customers to review both their manufacturing processes
and their applications of DuPont products from the standpoint of human health and
environmental quality to ensure that DuPont products are not used in ways for which they
are not intended or tested. DuPont personnel are available to answer your questions and to
provide reasonable technical support. DuPont product literature, including safety data
sheets, should be consulted prior to use of DuPont products. Curmrent safety data sheets are
available from DuPont.

Please be aware of the following:

+ The use of this product in and of itself does not necessarily guarantee the removal
of cysts and pathogens from water. Effective cyst and pathogen reduction is
dependent on the complete system design and on the operation and maintenance
of the system.

+ Permeate obtained from the first hour of operation should be discarded.

FomMo, 45-001780-en, Rev. 2
January 2021
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Have a question? Contact us at:

www dupant com/watar cont act-us

Page 4 of4

Allinformation setforh hereinis for informational purpases only, This infarmation isgeneral information and may differ from thatbased
on actual conditons. Customer is responsible for determining whether praducts and the information in fhisdoaument are appropriate for
Customer's use and for ensuning that Customer's workplace and disposal practices are in compliance with applicable | aws and other
govemmentenaciments, The product shown in fhis literature maynot be available for sale andior available in all geographies where
DuPontisrepresented. The claims mademaynaothave been approved foruse in all countries. Please note hat physcal propertes may
vary depending on cerain conditions and while operafing conditions stated in fhis documentare iniendedio lengten productlilespan
andlor improve product performance, twill ulimately depend on adual droumstances and i in no event a guaranise of achieving any
specificresults. DuPontassumes no obligation or liabilityfor theinformation in fhis document References to “DuPonf or the*Company”
mean the DuPont legal enfty selling fie produds 1o Customer unless obanwise expressy noted. NO WARRANTIES ARE GIVEN; ALL
IMPLIED WARRANTIES OF MERCHANTABILITY OR FITHESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY EXCLUDED. Mo
freedom from infingement of any patentor rademark owned by DuPontor ofhers i to be infered.

©2021 DuPont. DuPont™, the DuPontOval Logo, and all tademarks and service marksdenotedwith ™, "™ or @ are owned by
dffiiates of DuPontde Nemouwrs Inc, unless ofherwise noted.

«DUPQONT»

FomMo. 45-D01760-en, Rev. 2
January 2021
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ealc
Membrane Questionnaire

LSA Number

Site/Project Name: EMWD CCRO Pilot

Please answer all questions to the best of your knowledge. Please provide as much information about the
system and process as possible.

Check which service(s) you wish performed. If both an autopsy and cleaning study are desired, two parallel
membranes must be provided.

o Note that an autopsy is a destructive test. AUTO PSY DCLEAN|NG STUDY

1. What problems are you currently experiencing? Why do you want to perform an autopsy and/or cleaning
study?

Specific Flux decline

2. Please identify the feed water source (circle all specifics):

|__[City/Municipal Drinking Water

Groundwater (shallow/deep)

Surface Water (Pond/River/Lake/Seawater)
Industrial Effluent (Specify upstream process)

Municipal Effluent
Other (Specify):

N

3. Please attach a feed water analysis.

4. What is the % Recovery at which the system operates?
94%

5. What is the temperature range of the feed water?
70-80F

6. List all pretreatment equipment in the same order as the process (example: Raw Water, PACI injection,
Cationic Polymer Injection, Clarifier, Multimedia Filter, Sulfuric Acid Injection, Chlorination, Activated
Carbon Filter, Microfiltration Unit, Antiscalant Injection, Cartridge Filter, RO Unit).

Please attach a process flow diagram if one is available.

Chlorine Contact Chamber, NH4 injection, SBS injection, strainers, Toray UF HFU-2020AN,
4000 gal filtrate tank, 93% sulfuric acid injection, 5 um Cartridge Filter, AS injection, CCRO
unit.

American Water Chemicals, Inc. = 1802 Corporate Center Lane = Plant City, FL 33563 USA = Tel: 813.246.5448 - fFax: 813.623.6678
www.membranechemicals.com
AWC Form No. 434 R7 03.11.20
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LSA Number

7. Is there any chlorination or chloramination in the pretreatment or feed water source?
yes

8. What is the configuration of the system? (number of pressure vessels per stage, and number of
membranes per pressure vessel)

Stage 1: Stage 2: Stage 3:
#PV: 5 #PV: #PV:
#Elements: 5 #Elements: #Elements:

9. What is the membrane make and model that is used in the system? (Example: Hydranautics ESPA2LD)
Please specify the information for each stage. If there is a mix of different elements within a stage, please
specify (Example: Stage 2: first 5 elements ESPA2 Max, last 2 elements ESPA4Max).

Stage 1: Stage 2: Stage 3:
Manufacturer: Filmtec Manufacturer: Manufacturer:
Model # CR100 Model #: Model #:

10. What is the system feed pressure?
~200 psi

11. What is the pressure drop (AP) across each stage?
Stage 1: 15 psi Stage 2: Stage 3:

12. What was the position of the element that was sent for testing?
(Example: Skid 3, 2nd Stage, Position)

13. Was this element previously in a different position? (If so, please explain why it was moved.)
No

14. How many hours per day, and days per week does the system operate?
24/7/365

15. What is the maximum downtime for the system?
7 days

16. Prior to shutdown, is the unit flushed? Yes |:| No?

Type of flush water used:

|:| Pretreated Feed Water IZ' Permeate/Filtrate I:l Other (specify):

American Water Chemicals, Inc. = 1802 Corporate Center Lane = Plant City, FL 33563 USA =Tel: 813.246.5448 - Fax: 813.623 6678
www.membranechemicals.com
AWC Form No. 434 R7 03.11.20
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LSA Number

17. Have the membrane elements/modules ever been subject to dehydration? (System drained and left
without water for extended time during shutdown, unloaded membrane left around a few days without
bagging airtight, etc...)

no

18. What is the average lifetime of elements/modules in the system?

unknown

19. How long have the elements/modules been in service?
Since October 12, 2020

20. Have there been any recent operational upsets in your system? Please specify:

No

21. List the cleaning chemicals used for the RO system, and attach the cleaning protocol typically used.

1-2% Avista P112, pH ~12.5, 25-35C, 2-4 hrs of circulation
1-2% Awvista L403, pH ~3, 25-35C, 2-4 hrs of circulation

22. Are there any design limitations regarding membrane cleaning that we should be aware of?
~450 gal CIP tank, CIP chemicals must be pumped in

22. How frequently is membrane cleaning performed? (please specify frequency for high pH and low pH)
3 times since install (10/2020)

23. What is the antiscalant being used? What is the dosage?

AWC A-112 - 12ppm

24. Please include your normalized permeate flow, normalized salt passage and normalized differential
pressure charts with this questionnaire.

25. Do you want the membrane element(s) to be returned after testing is complete? J:L Yes _ No

Additional comments: (please mention any additional information that you think may be helpful in interpreting our
findings
ge) AWC A-112 dosing was started while membranes were still fouled,

American Water Chemicals, Inc. = 1802 Corporate Center Lane = Plant City, FL 33563 USA =Tel: 813.246.5448 - Fax: 813.623 6678
www.membranachemicals.com
AWC Form No. 434 R7 03.11.20
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Appendix C: White Material from Pressure Vessels

A small bag of white material was received with the membrane element for autopsy. The sample
was collected from the pressure vessel when the element was removed from the system.

Figure 47: White material from pressure vessels sample arrived with the membrane.
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Electron Microscopy and X-Ray Spectroscopy Analysis
Scanning Electron Microscopy (SEM) and Energy Dispersive Spectroscopy

(EDS) with Superimposed Elemental Imaging (SEI®)

Scanning Electron Microscopy (SEM) analysis is used to determine the topography and
morphology of a sample. The SEM shows very detailed 3-dimensional images at much higher
magnification than an optical microscope.

Energy Dispersive X-ray Spectroscopy (EDS) analysis is generally performed together with
electron microscopy to identify and quantify the elemental composition of a sample surface. The
sample material is bombarded with electrons from an SEM which produce X-rays. The
produced X-rays are then measured by an X-ray dispersive spectrometer. Every chemical
element has its own characteristic wavelength by which it can be identified. EDS spectra,
together with composition (Weight percent and Atomic percent) are attached in the section.

Results: White Material from Pressure Vessels

The deposit consisted mainly of a silicate-based material with some calcium sulfate inclusions
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White Material From Pressure Vessel

Ch1 MAG: 50x. HVE

Figure 48: Electron micrograph of the deposit at 50X magnification.
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Figure 49: Prismatic Elemental Delineation (PED®) of the deposit at 50X magnification. Deposits found: Silicate-based material with some
calcium sulfate inclusions.
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Ch'l" MAG:10000x HV:15kV WD:9.9mm Px:13 nm

Figure 51: Electron micrograph of the deposit at 10000X magnification (Spectrum 2 & Spectrum 3).
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Carbon and
Element om Oxygen Ignored

[%]

Carbon 14.60 Atom
Oxygen  55.89 Element o
Sodium 0.56 Sodium 1.89
Silicon 28.53 Silicon 96.72
Aluminium  0.10 Aluminium 0.33
Chlorine 0.15 cChlorine 0.52
Sulfur 0.16 sulfur 0.54

100.00 100.00

Table 6: Composition table from the EDS spectrum of localized deposit from Spectrum 2.
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Energy [keV]

Figure 53: EDS and composition bar graph analysis of the deposit from Spectrum 3.

3
Element

Carbon
Oxygen
Sodium
Silicon

Calcium
Sulfur

Atom
[%]

12.98
58.99
1.49
22.76
1.33
2.45
100.00

Carbon and
Oxygen Ignored
3
tom
[%]
5.29
81.15
4.80
8.76
100.00

Element

Sodium
Silicon
Calcium
Sulfur

Table 7: Composition table from the EDS spectrum of localized deposit from Spectrum 3.
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Figure 54: Prismatic Elemental Delineation (PED®) of the deposit at 10000X magnification. Deposits found: Silicate-based
material with some calcium sulfate inclusions.
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Ch1 MAG: 10000x HV: 15kV. WD: 9.9 mm

Figure 55: Superimposed Elemental Imaging (SEI®): Silicate-based material with some calcium sulfate inclusions.
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FTIR analysis

Fourier Transform Infrared spectrometer (FTIR) is a powerful tool for identifying types of
chemical bonds (functional groups). The wavelength of light absorbed is characteristic to the
chemical bond. The tested material can be identified by comparing its spectrum to the spectra of
documented compounds in the database.

The following samples were analyzed with FTIR:

e The scale sample (see Figure 56).

Results: White Material from the Pressure Vessel.

The spectrum of the sample had peaks associated with silica. A library search found that the
material correlated well with silica gel.

-0.0;
00 3500 3000 2500 2000
cm-1

Name Description
EMWD CCRO P LSA#0221078 Scale Sample  Sample 083 By Administrator Date Wednesday, May 05 2021

Figure 56:FTIR spectrum of the scale sample.
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3500 3000 2500

cm-1
Name Description
EMWD CCRO P LSA#0221078 Scale Sample Sample 083 By Administrator Date Wednesday, May 05 2021
Silica gel Lot#MKBT0732V.sp Sample 066 By Administrator Date Friday, November 13 2020

Figure 57:FTIR spectrum of the scale sample had a ~88% correlation to silica.
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Release of Liability

The Membrane Autopsy Service (The Service) was performed in accordance with the standards
of care, skill, and diligence normally provided by a professional in the performance of similar
services. American Water Chemicals, Inc. makes no warranty of any kind with the respect to The
Service and will not be liable for any damages resulting from the use or misuse of The Service.
In no event shall American Water Chemicals, Inc. have any liability for The Service, including,
but not limited to, special, indirect, incidental, consequential, or other direct damages whether
such liability arises in contract, negligence, strict liability, or otherwise, and the Client hereby
agrees to release and indemnify American Water Chemicals, Inc. against same.
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