RESOLUTION NO. 2018 -//]

A RESOLUTION BY THE BOARD OF COUNTY COMMISSIONERS OF ST. JOHNS COUNTY
FLORIDA, AUTHORIZING. THE COUNTY ADMINISTRATOR, OR DESIGNEE TO
PURCHASE DOW MEMBRANE ELEMENTS FOR ST JOHNS COUNTY UTILITY
DEPARTMENT AND TO EXECUTE A PURCHASE ORDER WITH DOW CHEMCIALS
COMPANY FOR THE PURCHASE.

RECITALS

WHEREAS, the County seeks to purchase Dow membrane Elements Model No. Filmtec
BW30XFRLE-400/34 for St. Johns County Utility Department; and

WHEREAS, the purchase of the equipment will be funded by St. Johns County Utility Department;
and

WHEREAS, the purchase of the equipment serves a public purpose.

NOW, THEREFORE BE IT RESOLVED BY THE BOARD OF COUNTY
COMMISSIONERS OF ST. JOHNS COUNTY, FLORIDA:

Section 1. The above Recitals are incorporated by reference into the body of this Resolutxon and such
Recitals are adopted as finds of fact.

Section 2. The County Administrator, or designeg, is hereby authorized to purchase Dow Membrane
Elements Model No. Filmtec BW30-XFRLE-400/34.

Section 3. The County Administrator, or designee, is further authorized to execute a purchase order
in the amount of $318,920.00 for the purchase of Dow Membrane Elements Model No. Filmtec BW30-
XFRLE-400/34 from Dow Chemical Company, as the single source provider of the specified
membranes.

Section 4. To-the extent that there are typographical and/or administrative errors that do not change
the tone, tenor, or concept of this Resolution, then this Resolution may be revised without subsequent
approval by the Board of County Commissioners.

PASSED AND -ADOPTED by the Board of County Commissioners of St. Johns County, Florida,
this/7%day of iy, 0 , 2018.

|
BOARD OF COUNTY COMMISSIONERS OF
ST. JOHNS COUNTY, FLORIDA

By:
Henry Dean, Chair

ATTEST unte onrad, Clerk # /fﬂ'\\ 5, E‘“‘\
)éwl %ﬁkv@, Deputy Clerk RENDITION DATE / ‘ %76’-;:‘:; :*Zg} t;}
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Dow |

The Dow Chemical Company
Midland, Ml 48674
U.S.A.

March 2, 2018

Teri Pinson, P.E.
St. Johns County Utility Department
St. Johns County Board of County Commissioners
1205 State Road 16, St. Augustine, FL 32084 : f
904) 209-2604 Office (904) 466-5511 Cell :
Email: tpinson@sjcil.us

Dear Terni:

The Dow Chemical Company is pleaéed to quote the following product and pricing. This quote is part of
our submittals in response to the RFQ issued by St. Johns County (Reverse Osmaosis (RO) Membrane): -

Product - | Quantity Price
Supply Membrane Elements Mode! No. FILMTEC™ 680 $469.00/each
BW30XFRLE-400/34 - pieces
TOTAL LUMP SUM PRICE: '
318,920.00

Dow Will Commit to provide all spare parts and complete scope of work*

*Exceptions in next page

Transportation Seller Absorbs Freight.

Payment Terms | Net 30 days from inwice date. Price and Terms only apply to sales within the
continental U.S. Upon an accepted crder, items will be shipped and inwiced
pursuant to Seller's standard terms and conditions.

Quote Expires This pricing is firm through June 1st, 2018.

Availabllity The actual availability will be determined at the time you are ready to place an order.
Customner When ready to place your order, please contact John Shibilski in Dow Water &
Service Process Solutiohs’ Customer Senice Group at 989/832-1143 or e-mail to

jashibilski@dow.com.

Please let me know if you require additional information. Thank you for your interest in Dow Water &
Process Solutions products.
Sincerely,

Lawra

Laura Gallindo

Mailing Address

Dow Water & Process Solutions
Account Manager — Southeast .
1881 W. Oak Parkway !
Marietta, GA 30062 :

Igallindo@dow.com
PH: 989-259-5081"

Advanced Structures Codeline Model E8L, 6-element pressure vessels.

®™Trademark of The Dow Chemical Company ("Dow")or an affiliated corpany of Bow
DOW RESTRICTED
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The Dow Chemical Company
Midland, M1 48674
- US.A,

Section 1.2 F. Software updates for managing data collection and monitoring. This is assumed to be
fulfilled by a current version of FTNORM with applicable TCF coefficients and data entry adjusted for their
available instrumentation. Dow will not be responsible for any process control programming.

Section 1.5 A. and Section 2.1 B. 6. U-cup brine seals are proprietary in design and therefore not
available commercially.

Section 1.5 D. Wet test data is required for 10% of the elements supplied to the District 14 days prior to
shipment and only approved elements can be shipped. FilmTec does not manufacture “to order” and
doesnotidentify the specific elementsforan order untilitistime to load the truck for shipment. The
COA data cannot be supplied as requested but will be provided via email onthe day of shipment.

Section 1.8 B. 1. a. 1) The wet test for FILMTEC™ BW30XFRLE-400/34 elements is conducted with a
2,000 mg/l sodium chloride solution, not 500 mg/l as indicated in the specification.

Section 1.6 B. 1. a. 3} The FilmTec wettestis a 20 minute test, not 30 minutesas indicated in the
specif ication. -

Section 1.6 B. 1. b.-d. Differential Pressure understandard testcondltlonSIsnotmcludedmthe COA
data.

Section1.6B. 1. e. Representativesofthe Districtare encouraged to visitthe FilmTec manufacturing
site for a tour where they will be allowed to witness element testing. FilmTec manufacturers RO
elements in a semi continuocus process which is not conducive to stoppage for retesting of
elements. For this reason, retesting of elements will not he possible. .

Section 2.1 B. 5. FILMTEC BW30XFRLE-400/34 is manufactured with a feed spacer that has a
nominal thickness of 0.034 inches. We will not be able to downgrade our product components to
meet the specified nominal feed spacer thickness of 0.026-0.031 inches.

Section_ 2.2A.7. Spare membrane elements for long term storage should be dry elements.

Section 3.1 A. requires the elements to be available within 6'weeks of authorization.' Product
availability will be determined at the time the elements order is placed

Section 3.2 C. We don’t provide any legal certification other than verbal gmdance and consultancy
on-site

®"Trademark of The Dow Cherncal Company ("Dow") ar an afflllated company of Dow
POwW RESTRICTED
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IVIEMORANDUM

Single Source of Dow Filmtec Membranes for the CR 214
WTP - |

PREPARED FOR: St. Johns County Utility Departinent
PREPARED BY: - Constantine Engineering, Inc
PROJECT NUMBER: 100408.13
. ]
DATE: March 13, 2018 \ i

1
The purpose of this memorandum is to request that County purchasing department single
source the procurement of Dow Filmtec BW30XFRLE-400/34 series membranes for the
replacement of membranes at St. Johns County Utility Department’s (SJCUD’s) CR 214
water treatment plant (WTP). The reasons for this single source request are as follows:

1. The existing membranes are Dow Filmtec membranes and have been in service and
proven their performance for over 10 years. The County has data on the membrane
performance and a full understanding of the operational parameters for the -
membranes. Because the water quality at every utility and aquifer is unique, |
changing to a new membrane manufacturer will requu*e the performance testing of
the new membranes T

2. Other membrane manufacturers will have to conduct pilot tests for longer per1ods of
time (about 1 year) to provide reliable pressure drop and fouling data that may
allow such manufacturers to qualify to provide these membranes for the CR 214
WTIP

3. The current membranes are at the end of their useful life and need to be replaced by
fall 2018 to ensure full capacity at the CR 214 WTP. Fouling has caused a capacity
reduction from the RO skids from 4 million gallons per day (mgd) to about 3.7 mgd
{(a 10% reduction in water production). Water from the NW WTP is being puinped to
this CR 214 WTP to allow treated water to be delivered without disruption to
customers

4. Delaying the procurement of the membranes to-allow for pilot testing by 1 year or
more may result in additional reductions in CR 214 capacity, risking the water
supply to the County’s customers in this area !

5. Autopsies conducted on the existing Dow Filmtec membranes after 10 years in
services provide a wealth of information on fouling and cleaning to sustain plant
capacity with the new membranes. This data is simply impossible to obtain with any
other membrane manufacturers because only the Dow Filmtec membranes have
been in service at this WIP !

Based on these considerations, it is Constantine’s recommendation that the County sfingle
- source the procurement of Dow Filmtec BW30XFRLE-400/34 series membranes for th
replacement of membranes at SJCUD’s CR 214 WTP

i
la
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Engineering

TECHNICAL MEMORANDUM NO. 2

CR 214 WTP Membrane Conclusmns and :
Recommendatrons : i

PREPARED FOR: St. Johns County Utility Department
PREPARED BY: Constantine Engineering, Inc

" PROJECT NUMBER: " 100408.13
DATE: February 26, 2018

l. Introduction and Background

St. Johns County Utilities Department (SJCUD) began operation of the County ‘Road 214
RO Water Treatment Plant (CR 214 WTP) in 2007 to treat groundwater from various wells,
including Wells 42-49. The treatment plant uses reverse osmosis (RO) membranes to
remove chlorides and air stripping to remove dissolved hydrogen sulfide. The RO
membranes are now 10 years old, and the operating pressures have gradually increased
after each cleaning cycle. Because the membranes have reached the end of their useful
life, SJCUD has contracted Constantine Engineering.in March 2017 to assist with Task

- Order 13 - Engineering Evaluation of Réverse Osmosis Membrane Replacement
Evaluation for the CR 214 Water Treatment Plant (WTP).

The goals for the project include the following: : |

o To define the quality from the wells and consider future raw water quality
e To review the-historical membrane/plant performance data and identify times of the
) year with better or worse raw water quality that could be the cause of these changes

¢ To develop criteria for the WTP membranes and screen membrane suppliers to
identify up to'three (3) vendors for bidding

« To obtain and analyze proposals from 3 suppliers .

¢ To develop recommendations for membrane opera‘uons including pretreatment and
cost

{
4

Technical Memorandum (TM) 2 presented herein includes a summary of previous reports,
and also includes the results of a recent autopsy of existing membranes at CR214 WTP.
- The objectives of TM 2 include the following: -
« Present the autopsy data and conclusions
¢ Present specifications for new membranes to replace the existing orlgmal elements
¢ Present recommendations to improve membrane performance and reliability
The CR 214 WTP is permitted for a maximum daily demand capacity of 8.0 MGD. The
facility uses a’low-pressure reverse osmosis (LPRO) process for removal of chlorides and _ .
. was placed into service in 2007. Figure 1 shows the Process Dlagram for CR214 WTP
Raw water from the wells is split and scale inhibitor is added to 50% of the raw water. This
-
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TECHNICAL MEMORANDUM 2—CR 214 WTP MEMBRANE CONCLUSICNS AND RECOMMENDATIONS

4 MGD of water is then treated with cartridge filtration before being pumped through the
RO membranes. The RO treated water (permeate) is blended with the remaining 50% of
the raw water and treated in packed tower strippers (degasitiers) for hydrogen sulfi de
removal after sulfuric acid addition. The sulfide stripped water is then chlorinated in a wet
well for treatment with free chlorination. CO2 is added to increase alkalinity. Ammonia is
added to form a monochloramine residual that is required in the distribution system. The
pH is adjusted with sodium hydroxide for corrosion control. The finished water is stored on
site in two (2) ground storage tanks. The combined capacity of the ground storage tanks is
3.5 MG. Finished water is pumped into the distribution system with high service pumps.

The facility is staffed and operated 24 hours per day and 7 days a week in accordance
with Category |l facilities as defined in Chapter 62-699 of the Florida Administrative Code
(FAC). With an average day demand of about 5.1 MGD and a maximum daily demand of
about 5.8 MGD in 2016, this plant is already at 75% of its capacity. Thus, 1 MGD of water
from the NW WTP is available to be pumped to the CR214 WTP for blending and .
disinfection before distribution.

. Data Review and Water Quality Definition-

Constantine recently prepared Technical Memorandum No: 1— Data Review and Water
Quality Definition, which provided a summary and review of water quality data and '
operating data. The. Water quality data for the CR214 WTP wells and operating data for
the membrane system indicate relatively moderate increases in feed water chlorldes and
conductivity. TM 1 hypothesized that the increases in feed pressures for the LPRO
system have likely been the result of the chlorides increase, but it was also suspected that
membrane cleaning had not been completely éffective at restoring membrane
performance. Contaminants that foul the membranes cause restrictions that are almost
unnoticeable on daily reviews, but gradually affect flows/pressures overtime. The
membrane operating data supports this theory as operations staff have slightly increased
feed pressures over months and'years, then made higher feed pressure increases in 2008
and 2012. ltis noted that the Aerex review in 2015 acknowledged the feed pressures had
been increased to- 150-155 psi, but the Filmtec operating manual provided for the original
plant installation recommends limiting the feed pressure to not greater than 135 psi.

The following recommendations were presented in TM 1 for the CR214 WTP membranes:

s Perform a forensic autopsy of membranes from each skid/stage to identify foulants
within the membranes.

« Consider improved cleaning technlques including chemicals and methods used
during the clean in place (CIP) procedures. The autopsy process will likely prowde
the data needed to make these adjustments to the cleaning process.

» Consider-alternate pretreatment chemicals and dosages. The autopsy proce;%s will
likely provide feedback to make these adjustments in pretreatment. |

- . | .
» Replace the current membrane elements and restore the feed operating pressures in
the skids to desired levels. The autopsy process will also provide information to
develop replacement element specifications. '
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TECHNICAL MEMORANDUM 2-—CR 214 WTP MEMBRANE CONCLUSIONS AND RECOMMENDA'I'IONS

lll. Autopsy Results !

Constantine developed the scope for a membrane autopsy and SJCUD contracted' with
American Water Chemicals, Inc. (AWC) of Plant City, FL to provide analyses of membrane
elements. The objectives of membrane autopsy were to provide information on the
structural, surface, and subsurface components of the membranes in order to assmt
SJCUD w1th recommendations for system improvements.

Membrane elements from the lead and tail stages of each skid were removed, bagged,
and shipped to AWC for analyses (total of 4 membrane elements). AWC analyses
included the following tasks and tests:

¢ Visual inspection of external components

* Element performance tests

+ Bubble tests

¢ Inspection of leaves and spacers

+ Contact angle testing

» Foulant surface density testing

» Loss on ignition testing -

» Cell testing

» Dye testing .

¢ Chemical solubility testing

s Humic and fulvic acids testing

» Microscopy and.spectroscopy imaging and analysis
« Dimensional elemental scéanning

» Membrane surface analysis !
e Fourier Transform Infrared (FTIR) spectrometry
. Blologlcal Activity Reaction Tests (BART)

The autopsy reports were submitted to Constantine and SJCUD consisting of four (4)
volumes: 1.) Skid 1 Lead, 2.) Skid 1 Tail, 3.) Skid 2 Lead, and 4.) Skid 2 Tail. These reports _
are too large to include as appendices to this TM, but have been provided as individual
separate documents.

Table 1 provides a summary of the autopsy results. The results were very consistent
between Skid 1 and Skid 2, and the lead sections showed more fouling than the tail sections
as expected. In general, all the membranes showed fouling by biofilm, suspended solids,
humic acids, and naturally occurring organic matter (NOM). The study also showed that
cleaning with high pH and low pH solutions were very effective at removing foulants and
restoring some of the membrane performance (especially high pH cleaning; low pH cleaning
had little effect). The study also showed that much of the membrane structure had been
damaged by particulates, which confirmed that the existing CR214 membranes need to be
replaced.
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Table 1. Autopsy Results Summary

t

) Skid 1 - Lead Skid 1 - Tail Skid 2 - Lead Skid 2 - Tail
Brown deposits Found on both Found on both Found on both Brown/green
ends ends ends deposits -

Found on both
ends

Membrane flux (%
below the
manufacturer’s
specification)

29%

16%

31%

24%

Membrane salt
rejection (%
compared to
manufacturer’s
specification)

1.5% below

0.3% above

0.9% b_elbw

0.3% above

Element’s
differential
pressure (higher
than expected)

5.1 P53l

0.6 PSI

8.2 Psl

0.1PsI

1

LOI test for brown
foulant

82% Organic/18%
Inorganic

66% Organic/
34% Inorganic

82% Organic/18%
Inerganic

69%
Organic/31%
Inorganic

Solubility in 50%
NaOH

LOI residue —
partially soluble —
yielding a yellow
solution

LOI residue and
foulant —
partially soluble
—vyielding a
yellow solution

LOI residue and
foulant — partially
soluble — yielding
a yellow solution

LOI residue and
foulant —
partially soluble
—vyielding a
yellow solution

Solubility in 37% HCI |

LOI residue and

LOI residue and

LOI residue and

LOI residue and

foulant — partially | foulant— foulant —partially | foulant —
soluble —yielding | partially soluble | soluble —yielding | partially soluble .
a yellow solution | —yielding a a yellow/green -vyielding a
—indicates | vellow solution — | solution yellow solution — |
presence of iron | indicates indicates
presence of iron presence of iron
Test foulant for Positive Positive Positive Positive

‘humic acids

‘High pH cleaning

Increased the flux |

Increased the

Increased the flux

Increased the

significantly flux significantly | (was due to flux (wa§ due to
membrane ‘ m‘embrape
swelling) swelling)
‘Low pH cleaning No impact on No impact on Increased the flux | Increased-the
o flux; slightly flux; slightly further; lower flux further;
lower salt lower salt salt rejection lower salt
rejection rejection rejection

I
'

I
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Skid 1 - Lead

Skid 2 - Lead

Skid 2 - Tail

Membrane flux

| after overall
cleaning (% below
the manufacturer's
specification)

11% -

Skid 1 - Tail
6% '

| 14%

9%

Membrane salt
rejection after
overall cleaning (%
below
“manufacturer’s
| specification)

0.1%

0.4%

0.4%

Pressurized Dye
Testing

Light dye
penetration to
the permeate
side —
suspended solids

Dye penetration
to the permeate
side, heavier
penetration on
the

Light dye
penetration to
the permeate
side —
suspended solids

Light dye
penetration to
the permeate
side —
suspended

abrasion downstream abrasion solids abrasion
side |
SEM/EDS/SEI/PED | Mainly organic Crganic based Organic'based Organic hased
analysis of the based matter; matter, matter; Iron matter,
“foulant Sporadic silts/clays, disulfide (pyrite), | silts/clays, iron
deposits of stainless steel | stainless steel disulfide
| stainless steel debris and iron | debris, calcium | (pyrite),’
debris, iron disulfide (pyrite) | sulfate, iron chromium oxide
hydroxide, “hydroxide, and stainless-
silts/clays, lead chloropolymer steel depris;
sulfide and {possibly PVC) sporadic
| chioropolymer and silts/clays deposits of iron
(possibly PVC) . ' hydroxide-
Analysis of cleaned | Foulant removed | Foulant Foulant removed | -
Membrane from membrane | removed from' | from membrane
surface membrane surface; sporadic
surface deposits of ;
silts/clays
) remained :
Membrane surface | Damage due to Damage due to | Damagedue to | Significant
analysis suspended solids | suspended suspended solids | suspended
abrasion solids abrasion | abrasion solids atfrasion
FTIR findings Spectra Spectra Spectra Spectra |
associated with | associated with | associated with associated with
' biofilm and biofilm and biofilm and biofilm and
silts/clays silts/clays silts/clays silts/clays

|
!
‘.
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{
h

Skid 2 - Tail

Skid 1 - Lead Skid 1 - Tail . Skid 2 -iLead
Optical microscopy | Abundant Abundant Abundant | Abundant
results | particulate - particulate particulate particulate
material - non- material - non- | material - non- . [ material - non-
“motile.and motile and motile and motile and

motile bacteria
as well as fungal
hyphae and
spores; slime
“forming
bacteria,
heterotrophic

and iron related
bacteria were

-detected.

aerobic bacteria-

maotile bacteria
as well as fungal
hyphae and
spores; slime

1 forming

bacteria,
heterotrophic
aerobic bacteria

| and iron related

bacteria were
detected.

motile bacteria
as well as fungal
hyphae and
spores; slime

.| forming

bacteria,

“heterotrophic

aerobic bacteria
and iron related
bacteria were

| motile bacteria

as well as fungal
hyphae and
spores; slime

“forming’
bacteria, .

heterotrophic
aerobic bacteria
and iron related
bacteria were
detected.

detected.

The AWC notes from the autopsy are generalized as follows:

* Brown déposits were found on both ATDs, permeate tube on the feed end and the
brine seal; however heavier deposit was found on the feed ATD. The Fiberglass shell -
was cracked near the concentrate end of the element.

» [nitial performance testing of the.element showed membrane flux to be 29%-31%

below the manufacturer's specification. Membrane salt rejection for the lead sections
‘was about 0.9%-1.5% lower than the manufacturer's specification. The lead

elements for each stage had differential pressure that was 5.1 PSl tc 8.2 PSI -higher, .
than expected.

Brown deposits were found on both ends of the-elgments, however, heavier deposits
were found on feed end of the element. '

Brown foulant was found on all the membrane leaves and feed 'spacers. The foulant
surface density was 2.79 mg/cm2 when hydrated and 175 pg/fcm2 when dehydrated.
The LOI tést determined the foulant to consist of ~82% organic matter and ~18%.
inorganic matter.

The LOI residue was partially soluble in the 50% NaOH, yilelding a yellow solution.
~ The foulant and LOI residue were both partially soluble in the 37% HC], yielding a
yellow solution, which is'typically indicative of the presence of iron within the deposit.

The foulant was positive for humic -acids. '

Samples collected along the flow path of the membranes had an average contact
angle of ~78.3° (average for all stage sections together). Contact angle testing is
used to determine the hydrophobicity of a membrane. Higher contact angles are
directly correlated with a more hydrophobic surface. Membranes are less prone to
fouling and have better productivity when they are less hyqrophobic. After cleaning

I
i ‘,

i
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the membranes, the average contact angle of the midstream 1 coupons decrt;aasedr
from ~72.1° to ~50.7°, suggesting that a hydrophobic substance had been rell'noved

(true for all stage sections)._ .

¢ Cleaning was performed in the cell test unit using 2% C-226 at pH 12.09 for 6 hours
at 35°C followed by-2% C-234 at pH 1.69 for 4 hours at 25°C. The high pH cl:eaning
increased the flux significantly; it is usually assumed that some of the flux increase.
after high pH cieaning may be due to membrane swelling. Low pH cleaning had no
impact on flux but resulted in a slightly lower salt rejection. o

. ‘ |
» OQverall, cleaning resulted in improved flux rates that ranged from 19.73 gfd to 24.28
gfd, with an average of 21.57 gfd compared to the manufacturer's specification of
28.75 gfd for new'membranes. Similarly, cleaning -also resulted in improved salt
rejection that ranged from 97.82% to 99.63%, with an average of 98.88% compared
to the manufacturer’s specification of 99.3%. . _ : :

‘s Pressurized dye tésting‘found iight dye penetration:,.to the permeate side of the
membrane. The pattern of the dye penetration suggested suspended solids -
abrasion. )

» SEM/EDS/SEI/PED analysis of the membrane surface found the foulant to consist
mainly of organic based matter. Sporadic deposits of stainless steel debris, iron
hydroxide; silts/clays, lead sulfide and chloropolymer (possibly PVC) were also
identified.

«' Analysis of the cleaned membrane surface revealed the cleaning chemical had
removed the foulant from the membrane surface. :

+ » Membrane surface analysis revealed surface damage caused by suspended solids
abrasion. !

» FTIR found spectra associated with biofilm énd silts/clays.

AWC included an evaluation of foulant solubility using different acidic and basic cleaning
chemicals, which indicated very good resuits with a high pH solvent. AWC also provided a
supplemental water chemistry model to. evaluate and select the optimum anti-scalant for
the CR 214 WTP raw water. The model results are included in Appendix B for reference.

Figure 2. Membrane Infet Fouling

Figure 3. 1000X Scan of Fouling
_ __ ] _ .
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, ;
!

IV. Conclusions and Recommendations ;

The autopsy confirmed prior opinions that historical increases in feed pressure comblned
with reductions in flux have been caused primarily by organic surface fouling that were not
sufficiently cleaned during the clean in place attempts. The data and research mformatlon

~ conclusions are discussed below, along with recommendations and action items to replace
the emstlng membranes and implement new operating and maintenance protocol to
optimize the useful life of the new membranes.

Conclusions

The following data and information sources were used to evaluate the performance and
current status of the existing CR 214 RO membranes:

« Original operating and maintenance documents - :
1
¢ Historical reviews and assessments by others :

» Historical operating data
» AWC autopsy results
« RO membrane manufacturer specification and performance data

After reviewing the data and |nformat|on it is believed that membrane fouling has
gradually occurred over the 10-year life of the existing CR214 RO membranes. The
foulants appear to consist mostly of organic matter, including subsequent growth of
biclogical slimes within the membrane leaves. The foulants were readily rémoved in the
autopsy tests using select cleaning chemicals, especially high pH solvents which also
appeared to swell the membrane structure, increasing flux. The membrane structures also.
showed to be damaged through abrasion by suspended solids, which: could be present in
minute quantities in the raw water from thie wells, or could be the result of infrequent
appearance of suspended solids in the raw water (even upon initial startup of the CR214
wells and water supply system'in 2007). The appearance of suspended solids and iron or
manganese in the raw water on an ongoing basis could be indication that one-or more
wells experience contamination from an adjacent confined aquifer. This concern should
be explored further by SJCUD sampling and testing on a routine schedule for specific raw
water contaminants from each well. . i

Recommendations

The existing DOW Filmtec LE-400 RO membranes at CR214 WTP have performed very

well since 2007, although the membrane operation has.required an increase in feed

pressure with decreases in permeate output. It is recommerided that SJCUD mclude the

following action items as part of the CR214 WTP improvements: i

¢ Replace the existing RO membranes with new elements equal to the emstmg DOW
Filmtec LE-400 elements

» Consider revised pretreatment consisting of finer screening and alternate anti}.scalant
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' I
» Revise the clean in place chemicals and procedures to address the fouling identified
in the autopsy

« Consider routine sampling well raw water for ewdence of cross- contamlnatlon from
adjacent aquifers :

- - I
These recommendations are discussed below. |
. i

Membranes

Because the DOW Filmtec RO elements have performed very well for 10 years with
regard to rejection of chlorides, it is recommended to replace the existing elements with an
equal membrane design and construction. The current RO market consists of only three
(3) manufacturers of RO membranes for municipal water treatment: DOW (Filmtec),
Hydranautics, and Toray. However, DOW is the only manufacturer with qualified
experience with the CR214 raw water quality. Because it is not feasible for other |
membrane manufacturers to conduct lengthy and obtrusive pilot testing of proposed
membranes at CR214 WTP, it is recommended that SJCUD consider sole-source !
procurement of replacement elements from DOW.

Appendix A includes ‘a draft technical specification for the purpose of bidding the
replacement RO elements. It is recommended that SJCUD immediately advertise and bid
the RO elements, followed by bids for installation of the new RO elements. Typical RO
membrane delivery is 4 to 6 weeks following an approved purchase order to the
manufacturer. Because SJCUD water demand typically increases each Spring season, it
is recommended to postpone membrane replacement until after the Summer demand
season is over at approximately October 1. - : |

Pretreat_ment

The existing RO pretreatment cartridge filters are.5 microns, which have’ performed'
satisfactorily. However, it is recommended that SJCUD verify the pressure drop across
the filters at 2 MGD (per train, assuming 50/50 blend of RO filtration with unfiltered raw
water) to determine if the pretreatment filter needs to be replaced. If replacement is
justified, it is recommended that SJCUD consider using 3-micron filter cartridge
replacements fo remove more suspended solids, which have apparently damaged the
existing membrane elements. .

Also, the existing anti-scalant chemical is an AWC potassium hydroxide (A-111), which
has performed satisfactorily. Based on the autopsy results, AWC performed an anti-
scalant model and recommends pretreatment with AWC A-102 anti-scalant. This water
chemistry calculation is included in Appendix B. SJCUD should consider the A-102 as an
alternate pretreatment chemical to replace the current anti-scalant. The data sheets for A-
111 and A-102 are included in Appendix B. .

|

Cleaning ' !

The existing chemical clean in place system includes a 55-gallon acid tank (citric aclzld) 55-

gallon basic tank (sodium hydroxide), and a 4,000-gallon chemical recovery tank. The

asbuilt drawings for the existing cleaning system are included in Appendix C. The e)(lstlng

cleaning procedure was last performed in March 2012, and generally includes cleanlng of
I
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each stage using a soak/fiush/rinse method with citric acid, sodiim hydroxide and
permeate. i

Based on the autopsy results and cleaning tests, AWC recommends a revised cleanmg
procedure using the AWC A-C226 high pH product and the AWC A-C234 low pH product.
Because the autopsy testing indicated high pH cleaning was very effective at removing the
organic foulants on the membranes, the recommended cleaning protocol is revised to ‘
generally include three (3) cycles of high pH soak and recirculation for each stage (using
AWC A-C226), followed by three (3) cycles of low pH soak and recirculation for each stage
(using AWC A-C234). Appendix C includes the revised written cleaning sequence ‘and
also includes data sheets for A-C226 and A-C234.

SJCUD should consider a test clean before the new membranes are installed, so that a
skid cleaned with the new protocol can be compared fo the existing skid without cleaning.
This could also confirm the sensitivity of the existing membranes to the revised cleaning
products and procedure. It is recommended that when the new membranes arrive,!
SJCUD clean one skid with the new chemicals and protocol, compare the performance of
that skid with the other skid with existing membranes, then replace the other skid with new
membranes and compare that performance. This involves an added cost that is not
necessary, but can provide good base data for the new membranes and revised cleaning
method.

Other

It is recommended that SJCUD consider monitering the raw water quality for each c}f the

" wells for the CR214 WTP to confirm there is not cross contamination from adjacent

aquifers. The presence of iron and manganese would indicate this potential, although
current sampling and testmg shows no significant levels of iron or manganese.

Because the goal of the project is to restore capacity to the CR214 RO WTP and life
expectancy of the new membranes, time is of the essence to continue with improvements
so that capacity is available by Spring 2019.

The tentative schedule for completing the action items and recommendations are as
follows

Dec 31, 2017 SJCUD receive and review draft TM 2 for recommendations and hew
membrane specifications/vendors

Jan 9, 2018 — Constantine workshop with SJCUD to discuss recommendations and
action items/schedule

Feb 16, 2018 — Constantine workshop with SJCUD to finalize recommendations,
specifications, bid packages, and implementation schedute

Jun 1, 2018 — SJCUD receive bids and award contracis for new membrane '
materials and installation

: I
Aug 1, 2018 — SJCUD receive new membranes shipped to CR214 WTP !
K

Oct 1, 2018 — SJCUD perform test of revised CIP on a:single existing membrane
skid to compare results with other skid !

Oct 8, 2018 — Installation contractor to start installation of hew membranes in skid
that-was not cleaned via revised CIP. (to compare skids again)

1



TECHNICAL MEMORANDUM 2—CR 214 WTP MEMBRANE CONCLUSIONS AND RECOMMENDATIONS

Oct 22, 2018 — SJCUD perform test of revised CIP on-a second membrane sk|d fo
compare results with first skid containing new elements

Nov 16, 2018 — Contracter/SJCUD complete installation and startup of all new
membranes
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Appendix A

Membrane Technical Specifications



PART 1

1.3

SCOPE OF WORK :

The following items define the scope of work for this project:

SECTION 00800 _
REVERSE OSMOSIS (RO) MEMBRANES

GENERAL
1.1 INTRODUCTION

A. St. Johns County Utility.Department (SJCUD) operates the CR 214 Mainland Water
Treatment Plant in western St. Johns County, FL. The facility treats groundwater from
various wells, including Wells 42-49. The treatment plant uses reverse osmosis (RO)
membranes to remegve chilorides and air stripping, to remove dissolved hydrogen sulfide.
This documient pertains to the specification of reverse osmosis membrane elements for
replacement of elements for first and second stage of two treatment trains.

1
B The membrane element manufacturer (herein called MEM)-shall furnish the membrane
elements and appurtenances in accordance with the requirements specified herein.
1.2

A, Furmsh a quantity of six-hundred eighty (680) membrane elements (8-inches in diameter
x 40-inches in length) as specified in Part 2 of Section 00800, herein. Of this total
three hundred thirty-six (336) will be initially installed in each existing RO skid, and eight
(8) additional membranes will be shelf spares. ,

B. Furnish new membrane element inter-connectors, end-cap adapters, O -rings for
original installation and related spare parts, as speclﬁed in Part 2 of Section 00800
herem

C. Provide technical data related to proper mstallatlon, operatxon, cleaning and storageof the
products supplied. ‘ !

D. Providea membrane element warranty for all elements fu}nished in this contract, as
specified in Section 3.03 below. ‘

E. Provide field support as specified to certify proper installation and startup of the
new elements. ‘e

F. Provide software upgrades as needed to collect and monitor operating data during and
after the membrane replacement. f

PROCESS DESCRIPTION . ,

* |
A The typical water quality for the blended raw water from the production wells to the

CR214 WTP is as follows:

¢
i
|
}
1
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1.4

REFERENCE STANDARDS
A.

B.

- atgm am—

| ;
REVERSE OSMOSIS (RO) IVIEM]?RANES

'
i
¥
1

Parameter Units Maximum Minimum Average
Bicarbonate mg/l as CaCOQs 154 119 134
Carbonate megfl as CaCOs 20 13 17
Calcium mg/l 113 99 105
Chlorides mg/l 444 345 415
Iron mg/l 0.1 0 0.074
Magnesium mg/l 61 57 59
Potassium mg/! 9 8 8.3
Sulfate mg/l 280 192 251
Sodium mg/l 260 162 203
Total Hardness mg/l as CaCO3 529 482 508
Conductivity u$ 2023 1798 1964
TDS mg/l 1192 1033 1147
pH SU 7.80 7.15 7.50
Temperature _ °C .24.6 226 23.7

{from CDM Smith 2014 Analysis)

The CR 214 WTP is permitted for a maximum daily demand capacity of 8.0 MGD. The
facility uses a low-pressure reverse osmosis (LPRO) process for removal of chloridés and
was placed into service in 2007, Raw water from the wells is split and scale inhibitor is
added to 50% of the raw water. This 4.0 MGD capacity of water is then treated with
cartridge filtration before being pumped through the RO membranes. The permeate is
blended with the remaining 50% of the raw water and treated in packed tower dega31ﬁers
for hydrogen sulfide removal after sulfuric acid addition. The sulfide stripped water is
then chlorinated and ammonia is added to form a monochloramine residual. The pH is
adjusted with sodium hydroxide and CO,, and antiscalant is added for corrosion control.
The finished water is stored on site in two (2) ground storage tanks.

The RO system consists of two trains in paraIlel Eachtrain has a design capacxty for
permeate flow of 1,400 gpm at 85 percent recovery.

The trains each consist of forty-eight (48), 8-inch diameter pressure vessels, confi gured in
an 8:6 array. Each vesse!contains seven (7) spiral-wouid 8-inch diameter by 40-inch
long membrane elements. -.
Based on a nominal active membrane element area of 400 square feet per RO
element, the.average operating flux is approximately 15 gallons per square foot per day
(gfd) at.the design flow (1400 gpm) per train.

Each train has a dedicated ROfeed pump equipped with a variable frequency dr1ve
The maximum available pump discharge pressure is approximately 180 psig at 1738 -

i
Americaﬁ Society for Testingand Materials (ASTM): ASTM-D-451 6 :

American Nation Standards Institute (ANSI) National Sanitary Foundation (NSF) "
Standard 61. :

[

SECTION00800-2 . - 5 .
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|

1.5 SUBMITTALS : |

A. MEM shall submit drawings and other information necessary to completely describe
the membrane elements and related appurtenances, including dimensions, weight,

" element construction details (e.g., active membrane surface area and feed channel
dimensions), standard performance parameters, installation instructions, interconnection
instructions, storage and handling requirements. Information provided shall be sufficient
to document compliance with all requirements specified herein. Included shall be
standard commercial part numbers for the interconnector O-rings and U-cup brine seals.

B. Also included with the shop drawings shall be standard operatmg and maintenance data
and instrucfion sheets for the membrane elements, covering such topics as
recommended cleaning solutions as well as long and short-term storage protocols.

" C. MEM shall submit proof of NSF 61 Certification
D. Certified Test Data,

1. The MEM shall submit certified wet test data for 10% of the elements furnished
as specified herein.

2. The test data shall be submitted at least 14 days prior to shipment of the
membrane elements. The test data shall be accepted upon written approval from
the District or its representative. The elements shall not be shipped to the site
until such approval is obtained. i

1.6 QUALITY ASSURANCE
A. General
1. All equipment furnished under this specification shall be new and shall be the

standard product of a manufacturer, who is fully experienced, reputable,
qualified and regularly engaged inthe manufacture of the equipment to be

furnished.
B. Equipment Factory Testing and Inspection
1. - Membrane Elements

At least 10% of the membrane elements (68 elements total} shall be factory
tested by the MEM and certified test data shall be supplied to the Owner prior to
shipment. Thetest data shall be accepted by the Owner in writing prlor to
shipment.

' i
a.  The elements shall betested uinder the following conditions: Il
1)  The feedwater to each element shall contain 500 mg/1 of so d!ium

chloride (as per manufacturer's standard test conditions) and itshall
be at a temperature of 25°C (77°F) with a pH between 6.5 a.nld 8.0.

‘SECTION 00800-3

|
1
f
|
|
|



REVERSE OSMOSIS (RO) MEMBRANES

2) The feedwater shall contain no foreign substance, such as large dye
molecules, that will mask performance of the element. ,

3) The elements shall be under pressure test at 110-225 psig (as per
manufacturer's standard test conditions) for a perlod of 30 rhinutes
prior to data collection.

4) The recovery in each element under test shall be set at 15 percent.

When tested under these conditions, individual elements shall be
certified to have rejection equal to or better than the rejection specified
below, the productivity shall fall within the range specified below, and
the differential pressure shall be equalto or less than that spemﬁed

" below:

MEM

Minimum Maximum
Model No. Productivity | Rejection ., dP
Range (gpd) (%) (%)

DOW Filmtec

BW30XFRLE-400/34 9,520-13,440 |~ 993 10.0

While an individual element must have the test performance specified
above, the average performance of all the elements shall meet the
following minimum performance criteria:

MEM

Average Minimum | Average
Model No. Productivity | Rejection dp

(gpd) (%) (psi)

Dow Filmtec

BW30XFRLE-400/34 11,500 99.3 15

]
1

G.ertiﬁedt'ést data shallconsist ofthe element serial number, productivity,
rejection, and differential pressure for eachelement. Ifthe normalized
test data is provided, the reference conditions shall be indicated.

The Owner reserves the right to have a representative observe factory
testing at any time during regular testing by the MEM. In addition, the
Owner reserves the right to request retesting by the MEM of a random
choice of the elements at no additional cost to the Owner. On retest,
should any of the elements fail to meet the performance specified
above, the Owner reserves the right to require the MEM to retest-up to
100% of the elements at no additional cost to the Owner or rqect the
proposed shipment, at the sole discretion of the Owner. |

|

1
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PART 2

2.1

MEMBRANE ELEMENTS

A,

REVERSE OSMOSIS (RO) MEMBRANES

PRODUCTS |

Manufacturers;

1.

1.

Criteria;

" a. To beeligible, all MEMs shall be engaged in the manufacture of the -

membrane elements proposed for this project and shall maintain service
facilities in the United States.

b. Minimum requirements for qualification are as follows:

1) The membrane has been tested in an RO system of at least 10 gpm
permeate capacity, with a minimum average membrane permeate flux
of 10 gfd and a minimum system recovery of 80 percent.

2) The membrane inthe qualifying system has logged at least 5000 hours
of cumulative on-line operation in United States municipal potable

water treatment.

3) Feed pressure to the qualifying system when operating at a minimum
of 10 gfd and 80% recovery did not exceed 180 psigat 25°C.

Eligible MEMs

4. The membranes qualified for use on this project are as follows:

MEM Membrane Model Name
Filmtec BW30XFRLE-400/34

. ElementConstruction .

The membrane elements must be NSF 61 certified for the production of potable
water.

The membrane elements shall be spiral wound with feed and reject flow

through the element parallel to the product water tube of the element.
Elements shall have a reinforced fiberglass outer wrap. The element serial
number and direction of feed/reject flow shall be clearly marked on each.element.
The element permeate connection design and dimensions shall be the same for all
elements supplied inthis contract. !
The elements shall have nominal dimensions of eight inches in diameter and 40
inches in length. The active membrane area of the elements shall be 400 square
feet, minimum.

" The feed/reject spacer material shall have a nominal thickness of between 0.026

SECTION 00800-5



10.

11.

REVERSE OSMOSIS (RO) MEMBRANES

and 0.031 inches.

Each element shall be furnished complete with element-to-element
interconnector, inter-connector O-rings, and U-cup brine seal. O -rings and
brine seals shall be constructed of ethylene propylene rubber, and shall be
standard products available from vendors other than the Contractor.

.The elements shall be fully compatible with the ProTec MODEL PRO-8-300-

MSP, 7-element pressure vessels,

Prior to installation of the anti-telescoping device (ATD) on the feed and reject
ends of each element, the rolled membrane sheets shall be flush-cut through the

. cured glue line to prevent the formation of membrane flaps or separation of the

membrane sheets at_ the feed and reject ends of the element.

The MEM shall provide all adapters and adapter O-rings necessary to p}operly
install the supplied elements in pressure vessels (including O-rings providing
sealbetween adapter and pressure vessel end cap). ThepressureesselsareFroTec
MODEL PR0O-8-300-MSP, 7-element pressure vessels.

Packing slips shipped with each container shall contain Material Safety Data
Sheets (MSDS) indicating the properties and safe handling of chemical 50 lutmns
entrained within the elements as a preservative.

Performance: Nominal membrane performance shall be as re;quired under

"Article 1.06.B hereinbefore.

2.2 SPARE PARTS

A.

The MEM shall furnish the following spare components, in addition to those required
for replacement installation of existing elements. Spare parts packaging shall indicate
both an explicit written description (as shown below) and part number of the contents,

1.

2.

Two (2) U-cup brine seals.

One hundred (100) O-rings for the element interconnectors.

Ten (10} O-ingsforseal betweenpressurevessel endadaptersandelement.
Fivé (5) O-rings for seal between pressure vessel end adapters and end cai:-.

Five (5) element interconnectors.

Two (2) pressure vessel end adapters. :

Eight (8) spare sealed membrane elements, shipped in individual permanent

storage containers with manufacturer’s storage solution to provide up to five (%)
years of storage without degradation to element 1ntegr1ty

SECTION 00800-6 ! |



PART 3

ER|

3.2

3.3

SHIPMENT, HANDLING, AND STORAGE

- A

REVERSE OSMOSIS (RO) MEMBRANES

EXECUTION

A All equipment, including spare components, shall be delivered complete within six
(6) weeks of authorization, but not later than the date specified inthe
Agreement. Shipment shall be made only after the Owner’s written acceptance (via
email) of MEM certified test data. Deliveries will be accepted at the treatment p]ant at
the following location:

St. Johns County Utility Department

CR214 Mainland Water Treatment Plant

2160 Water Plant Road

St. Augustine, FL 32092

Deliveries are accepted between the hours of 8:30 a.m. and 3:30 p.m. only, Monday
through Friday. No deliveries will be accepted on Saturday, Sunday, or holidays. Priorto
shipping; the MEM shall contact Allen Klipstine with St. Johns County at (904) 209-27060
to schedule the date and time of delivery.

B. Weight, handling instructions, type of storage required, and instructions for protective
maintenance during storage shall be included with each shipment to the project site.

C. Freight to the water plant to be.included in the cost of the membranes.

INSTALLATION
General: The MEM shall be available for remote technical support to ensure proper
installation of membrane elements.

B. Cleaning the Pressure Vessels
1, The Owner is responsible for cleaning the pressure vessels prior to installation of

membrane elements. A non-chlorinated, clean water supply shall be used for
cleaning the vessel prior to membrane loading.

C. Loading of the Membranes and Startup
1. The Owner will provide a contractor to load the elements, who will perform

element loadingas directed bythe MEM onsite technician.
2, MEM to provide additional cost to provide on-site assistance and
certification of the membrane installation and startup as follows:
|

i. At least four (4) man-days total-over two (2) separate site visits for assist'a.nce and
certification of membrane installation.

ii. At least four (4) man-days total over two (2) separate site visits for startup of
both skids.

WARRANTIES

SECTION 00800-7
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The MEM shall furnish a warranty for the RO membrane elements. This warranty must
be signed by an individual authorized to execute contracts on behalf of the membrane
manufacturer (MEM) and shall state the following provisions with no additional
conditions or exceptions: '

L.

The MEM shall warrant the performance of the membrane elements for a period
of three (3) years from completion of membrane loading. The MEM shall
guarantee the membrane elements during that three (3) year period in

accordance with the performance requirements specified herein and the

following prorated replacement conditions if the elements fail to meet the
warranted performance.

a. The individual elements shall have a productivity of not less than 80% of
the minimum productivity when tested at standard conditions as described
in Paragraph 1.06B. '

b. During the same three (3) year period, the individual element salt
rejection shall not decline below 99.2%. when tested at standard
conditions as defined within Paragraph 1.06B.

The warranty conditions specified above shall be valid under the following
conditions:

l.

The RO system has been operated as designed interms of product water
recovery, array configuration, and feedwater pH.

The feedwater has not contained chemicals that chemically or physically

destroy the elements.

The elements are periodically cleaned with an effective cleaning solution to
remove membrane foulants.

The elements are cleaned using standard cleaning solutions prior to
performance testing for warranty purposes. :

Biological matter or sparingly soluble substances inthe feed water have not
irrgversibly fouled the elements. .
Should the RO train performance not meet the warranty requirements, the MEM
shall provide sufficient replacement elements to achieve the specified train
performance. The replacement elements will be provided at the current market
price, less a credit of 1/36 of the purchase price for each unused month of the
warranty period. The MEM shall guarantee that future replacément elements
will be soldto the Owner at a price per element not to exceed an amount
negotiated between SICUD and the MEM prior to contract award for any time
within three years from delivery of the RO membrane replacement elements.

END OF SECTION

SECTION 00800-8



TECHNICAL MEMORANDUM 2—CR 214 WTP MEMBRANE CONCLUSIONS AND RECOMMENDATIONS
~

Appendix B
Existing Anti-Scalant Data Sheet A-111
Proposed Anti-Scalant Data Sheet A-102
Anti-Scalant Water Chemistry Model



|
Exis.ting Anti-Scalant - }
|
i
|

Product nforation Sheet | AWC A"1 1 1 PlUS

|
Reverse Osmasis Membrane Antiscalant

ADVANTAGES SAFETY & HANDLING

»  Phosphorous-free antiscalant designed to inhibit . Store in a coal, dry place. In accordance with
inorganic scale formation in membrane separation good safety practice, handle with care and avoid
processes contact with eyes and prolonged or repeated

*  Inhibits calcium carbonate scale up to-a Calcium contact with skin. For more information,
Carbonate Nucleatfon Index (CCNI) of 20 - see the Safety Data Sheet provided with this

»  Controls calcium carbonate, calcium sulfate, barium product

and strontium sulfates, as well as silica scales in
waters with a high fouling potential

= - Approved for use by all major membrane
manufacturers

»  Environmentally compatible, eépecially where
discharge of waste into the eénvironment is a concern

= - Certified by NSF to NSF/ANSI Standard 60 ) CHEMICAL FEEDING AND CONT-ROL

’ ‘ Normally fed continuously prior to the final
TYPICAL pRO PERTIES ' cart‘ridge filter. It shoqld I?e injected by chemical
dosing pump from a dilution tank or directly
- . o from the drum to the feedwater line. The
Appearance Colorless to light yeliow liquid amount of AWC A-111 PLUS required to inhibit
Odor e Characteristic scale formatian depends on the quality of
Solubility in water  Complete feedwater and size of the membrane
pHlasis) @25C - 3-5 system. An AWC technical representative
Specific Gravity 1.10+0.10 will provide the specific control range and the
approximate dosage rate for your system,

PACKAGING

5 gallan pails, 55 gallon non-returnable plastic
drums, 275 gallon totes and bulk shipments .

P:+1.813.246.5448 / E:info@membranechemicals.com / www.membranechemicals.com

9 1993-2017 American Water Chemucals, Inc. A Rights Reserved AWC Farm No. 646-R105.18.17



- [Proposed Anti-Scalant |

ADVANTAGES

= Abroad spectrum antiscalant designed to inhibit
inarganic scale formation in membrane separation
processes :

= Inhibits calcium carbonate scale up to a Calcium
Carbonate Nucleation Index {CCNI) of 2,2

»  Effectively inhibits formaticn of calcium sulfate,
calcium phosphate, calcium fluoride, barium sulfate,
strontium sulfate and sifica

= Stabilizes metal ions to prevent meta! oxides
precipitation and disperses existing metal oxides/
hydroxides, silt and clay particles

= Approved for use by all major membrane
manufacturers

=  Environmetally compatible, especially where
discharge of waste into the environment is a concern

«  Certified by NSF to NSF/ANSI Standard 60

TYPICAL PROPERTIES
Appearance Clear colorless to yellow liquid
Odor Characteristic-

Solubility inwater ~ Complete
pH (as is} @ 25°C 3-4
Specific Gravity - 1.10+0.05 "

PACKAGING

5 gallon pails, 55 gallon non-returnable plastic
drums, 275 gallon totes and bulk shipments

J

.
|
,
i
I
T

AWC A-102 PLUS

Membrane Antiscalant-Broad Spectrum

SAFETY & HANDLING |

i
Store in a cool, dry place. In accerdance with
godd safety practice, handle with care and avoid
contact with eyes and prolonged or repeated
contact with skin, For more information, see the
Safety Data Sheet provided with this product.

CHEMICAL FEEDING AND CONTROL

Normally fed continuously prior to the final
cartridge filter, It should be injected by chemical
dosing pumnp from a dilution tank or directly
fromthe drum to the feedwater line. The
amount of AWC A~102 Pius required to inhibit
scale formation depends on the quality of

feed water and operational parameters of

the membrane system. An AWC technical
representative will pravide you with the specific
control range and the approximate dosage rate
for your system. :

c/alll

]

“3 T

|
P:+1.813.246.5448 / E:info@membranechemicals.com #/ www.membranechemicals.com

& 1993-2017 American Water Chemicals, Inc. All Rights Reserved

AWC Farm Mo, 446-R105.24.17



. ' Projection By: John Hall
Ca a u’c l PRTON Client name: - St. John's County

: . Project: CR214 RO plant / No Acid
Membrane Aqueous Chemistry Calculator Locjation: United Stat:s I Florida / St
REPORT: 3.067.01 release date: Dec 8, 2017 Augustine ;

T
Source: Well Water (Brackish) Feed Pressure: psi 102.435
Feed Temperature: °C : 24.000 Total A Pressure psi i 19.868
Raw Water Flow/ galimin 1458.484 Elements:

Train: Brine Pressure: psi 82.600
Total Permeate Flow/ gal/min 1212.000 Permeate.Pressure: psi 0.000
Train: Fouling Factor: 1.000
Average Flux Rate:  gfd 12.990 System Recovery: % . 83.100
Recycling Flow: gal/min 0.000 Internal Recovery: % 83.100

Raw wafer{mg/l.) Recycling +Feed (mgiL)

Balanced Feed {mg/L) Reject (mg/L) Permeate.{mgiL)
Ca?* ' © 11370 113.70 11369 668.77 - 0.80
Mg2+ 62.79 62.79 62.78 369.32 0.44
Ba2* 0.02 0.02 0.02 012 0.00
Sr2+ 7.77 7.77 : 7.77 45.72 0.05
Na* 218.80 218.60 218,57 1240.09 10.83
K* 8.37 8.37 8.37 47.46 0.41
Fe2* 0.02 0.02 0.02 013 0.00
Fe3* 0.08 0.06 0.06 0.33 0.00
AP+ 0.00 0.00 0.00 0.00 0.00
Mn2+ ~ 0.00 - 0.00 0.00 0.00 0.00
NH3/NH4 - N 0.00 0.00 0.00 0.00 0.00

Raw water (mg/L) Bafanced Feed (mg/L) Recycling + Feed {mglL) Reject {mg/L) Permeate (mgfL)

HCOx Alk(CaCO3) 125.40 124.74 12474 684.75 4.33
COa2 Alk{CaCOs) 0.00 1.81 1.81 73.83 0.00
Total Alk (CaCO3) . 125.40 ) "126.55 126.55 758.38 4.33
Ortho-PQ4- 015 | 0.15 0.15 0.88 0.00
S§042- 279.70 279.70 279.70 1645.36 1.97
F- 0.66 0.66 066 3.79 0.02
Ck 437.91 437.91 437.91 251644 ' v 15.21
Br ' 1.07 1.07 1.07 6.10 0.04
§i02 23.16 23.16 23.16 133.24 0.77
NOz-N 0.00 0.00 0.00 0.00 0.00
NOzr-N 0.00 0.00 0.00 0.00 0.00
Sulfides (as 5%) 0.00- . 0.00 . 0.00 0.00 0.00
B ) 0.08 0.08 0.08 0.18 0.06
AS (Il 0.00 0.00 0.00 0.00 0.00
AS (V) . 0.00 0.00 0.00 0.00 © 0.00
TDS: 1304.450 1304.450 1304.400 7542340 - 35.810
Conductivity (uslcmj: 2056,000 2074.228 2074.227 11998.609 ! 55.859
pH: 7.570 7.570 7.570 8.230 6.170
Flow: galimin 1458.480 0.000 246.480 | 1212.000
Summary Product: Dosage: )

pH adjusted using: H2804 0.000 mgiL

Selected product: AWC A-102 2,031 mgil

1 7 American Water Cliemicals Inc does not assume any obligation or liability for resulis obtained or damages incurred

from the application of this information.
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' Projectioni By: John Hall !
P ) (7 .
c&, a w = | PR To N Client name: St. John's County |

‘ : Project: CR214 RO plant / No Acid
Membrane Aqueous Chemisiry Calculator Location: United States / Florida / St.

REPORT:" 3.067.01 release date: Dec 8, 2017 Augustine !

Tatal Elements: 224 112

Total Vessels: a2z 16 i
Elements / Vessels: 7 7 '
Hydraulic/Interstage :

Pressure Losses: psi 0.000 0.000

Feed Pressure; psi 102.435 ) 90.489

Permeate Throttle/ . ’
Backpressure: psi 11.313 0.000 .
Interstage Boost Pressure: psi 0.000 0.000
Concenfrate Pressure: psi : 90.489 82.600

Feed Flow: gal/min 45.578 33.218 i
Concentrate Flow: gal/min. ' 16.609 15.405

g

Hydratilics Details

Membrane Permedte Average System B Feed Flow Caricentrate A Osmotic Net Driving
Model: - .~ Flow: Flux: Recovery: /PV:  Flow /PV: Pressure: Pressure: Pressure:
gal/min afd ' % galimin galimin psi psi psi
|Staga1 .. © 927.000 - 14.808 ‘63559 1.099 45.578: 16609 17:947 ° - 29622 63885
1 BWA0XFRLEA4C 4.966 17.877 -10.895 1.106 45,578 40612  2.861 13.034 76.657
2 BW30XFRLE-4C 4.694 16.898 11.858 1.104 40,6812 35918  2.394 14,603 72.481
3 BW30XFRLE-4C 4.430 15.948 12.334  1.102 35.918 31.488 1.979% 16.489 68.388
4 BW30XFRLE-4C 4.185 14094 13.227  1.100 31.488 27323 18613 18.787 64.294
5 BW30XFRLE-4C 3.887 13.995 14228  1.097 27.323 23435  1.203 21,618 60.010
6 BW30XFRLE-4C 3.585 12.904 15285  1.094 23.435 19,851 1.018 25137 55,335
7 BW30XFRLE-4C 3.242, 11.671 16,332  1.080 19.851, 16.608  0.787 29,522 50.047
{Stage2 285:000 9.161 53623 1.108 33:218 15405  7.889 -  60.185 51,583
1 BW30XFRLE-4C 3620 . 13.033 10,889 -1.084 33.218 20597 1780 . 33.713 55.886
2 BW30XFRLE-4C '3.270 11.774 11.050 ,1.078 29.597 26.327  1.496 37.475 50.486
3 ‘BW30XFRLE-4C 2.2 10.483 11.060  1.071 26.327 23415  1.255 41.636 44.950
4 BW30XFRLEA4C 2:545 9.164 10.871  1.064 23.415 20870  1.054 46.137 39.295
5 BW230XFRLE~4C 2177 7.836 10.429 1.056 20.870 18.693 0.880 50.860 33.800
6 BW30XFRLE~4C 1.815 6.533 9708  1.047 18.693 16.878  0.759 55620 28.015
7 BWA30XFRLE-4C 1.473 5.303 8728 1.039 16.878 15405  0.656 60.185 22.740

I

i

§

|

B 3

:

5 /5 American Water Chemicals Inc does not‘assufne’any obligation or liability for results obtained or dama:ges incurred

from the application of this information.



: Projection By: | John Hall
- ) 0
c&" a w = | P RTO N Client name: : St.-John's County
1 s Project: CR214 RO plant / No Acid
Me rane Aqueous Chem1s_try Calculater Laocation: United _States ! F[or{da /St
REPORT: 3.067.01 release date:  Dec 8, 2017 Augustine :

Summary Scale - Precipitation Potentials {(mg/L)
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Summary Scale - Precipitation Potentials (mg/L)

CaCOs  Cai(PO4)2CaS04  SrSOs  BaSOs CaFz SOz FeCOs  FeS MnCOs FePQOs Feo(OH): A{OH):- Ma(OH)2
25504 0379 1072622 0 ".0.18 1593 50823 O 0 0 p812 0 0- 0

Summary Scale - X Saturation i

|
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Summary Scale - X Saturation
CaCO3  Ca3(P04)2-CaS04  SrSOa BaS04 GaFz 8i02 FeCOs  FeS MnCOs FePQa . Fe(OH)s Al:(OH)a Mg(QH}2
81.826  9.97 3.267 0.473 5732 1.82 1.589 0.998 0 0 4139.04 1.79 0" 0.001
!
L
t ?
| b
3 7/ 5 American Water Chemicals Inc does not assume any obligation or liability forlresults obtained or dameig_es incurred

from the application of this information. |



2L8LE | PRETON  conmme st somtscomy

] . . Project: CR214 RO plant / Na Acid
Me rane Aqueous ChemIStry Calculator Location: United _States / Florida / St.
REPORT: 3.067.01 release date:  Dec 8, 2017 Augustine

L
o

Scales above 100% saturation

CaCOs ' Saturation is 81.83 X: [Saturation Index is 1.91], Precipitation Potential: 255.p4 mafl
MgCO3 Saturation is 19.69 X; [Saturation Index is 1.29], Precipitation Potential: 0.00 mg/l
SrCO3 Saluration is 17.45 X; [Saturation Index is 1.24], Precipitation Potential: 45.82 mg/l
Ca3(PO4)2 Saturation is 9.97 X; [Saturation Index is 1.00], Precipitation Potential: 0.38 mg/l
FePOg4 Saturation is 4,138.04 X; [Saturation Index is 3.62], Precipitation Potential: 0.91 mg/l
CaS04 Saturation is.3.27 X; [Saturation Index is 0.51], Precipitation Potential: 1,072.62 mg/!
BaS04 Saturation is 5.73 X; [Saturation Index is 0.76], Precipitation Potential: 0,18 mgf
CaFz Saturation is 1.82'X; [Saturation Index is 0.26], Precipitation Potential: 1.59 mg/l
Fe(OH)3 Saturation is 1.79 X; [Saturation Index is 0.25], Precipitation Potential: 0,00 mgf
MgaSi20s{OH)4 Saturation is 8.22 X; [Saturation Index is 0.91], Precipitation Potential: 207.85 mg/i

Si02
Critical Indices

Saturation is 1.59 X; [Saturation Indexis 0.20], Precipitation Potential: 50.82 mg

€aCo0s 51 (CONI) Mg(OH):z St $10z (M5S1) Antiscalant Precigitation
: Index (APY)

CaS04 5! BaSO4 S

Chemical dosing: AWC A-102 H2S04

Calculated Dosage: . 2.031 mgil. ~ 0.000 mg/L

Total Dosage {modified by user): 2.031 mg/L N/A

% Concentration: N/A 93.000%

Density: 1.070 gfcm3 1.835 g/cm3

Dosing Pump: 10.480 mlmin 0.000 ml/min .
Hours of Operation/Day: ) 24 hour(s) 24 hour(s) .
Consumption per: ’
Day 16.148 kg 0.000'kg

Week 113.038 kg ) 0.000 kg ,
4 Weeks 452.151 kg 0.000 kg

Year 5894.113 kg 0.000 kg ‘
5 Years 29470.565 kg 0.000 kg

Insert your additional comments below:

American Water Chemicals Inc does not assume any obligation or liability for results obtained or damages incurred
from the application of this information.



RO, ProjectionBy:  John Hall '
@; aw: ’ PRTON Client name: . St-John's County ;

. Project: CR214 RO plant / No Acid
Membrane Aqueous Chemlsuy Calculator Location: United States / Florida f St.

REPORT: 3.067.01 release date: Dec 8, 2017 | Augustine

Comments... '

DISCLAIMER: NO WARRANTY, EXPRESSED OR IMPLIED, AND NO WARRANTY OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE, IS GIVEN. American Water Chemicals Inc does not assume any obligation or liability for results
obtained or damages incurred from the application of this information. Because use conditions and applicable laws may differ from one
location to another and may change with time, customer is responsible for detérmining whether products are appropriate for customer’s
use. American Water Chemicals assumes no liability, if, as a result of customer's use of the Proton membrane aqueous chemistry
calculator, the customer should be sued for alleged infringement of any patent not owned or controlled by American Water Chemicals Inc,

American Water Chemicals Inc does not assume any obligation or liaBility for results obtained or damﬁges incurred
from the application of this information. .
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Appendix C
Existing Clean in Place Asbuilts
Revised Membrane Cleaning Procedure

Membrane Cleaning Chemicals Data Sheets
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CR214 RO WTP'Membrane Recommended Cleaning Procedure:

HIGH pH CLEANING (AWC A-C226):

1.
2.

. The CIP tank must be clean and the cartridge filter replaced.

Flush the skid with permeate water until you measure nearly the same cond:uctivity
of the permeate in the concentrate sample valve. "

Open all the appropriate cleaning valves. Permeate return should always be ;_open.
Mix 2% solution by weight. Convert the CIP volume (gals to pounds),

Measure the initial pH of the cleaning solution before circulation to the membrane.
AWC A-C226 at 2% solution is approximately pH 12. ' '
Start with low flow (25 gpm/vessel). The differential pressure between the cleaning
feed and concentrate return.must not exceed 70 psi for’7'elements/vessel (10
psi/element). )

Circulate for 1 hour and soak for 1 hour while circulating 2™ stage. Total circulation
time for each stage is 3 hours. _

Note the cleaning flow of the 2" stage is not the same as the first stage. It depends
on the number of vessels.

Reading must be taken every 30 minutes. Add more cleaning chemicals if the pH
drops by approximately 0.5 {maintain at least pH 11.5).

10. After 1 hour of circulation, increase the flow to 45 gpm if the differential pre‘ssure

“allows.

11. After 6 hours cleaning (3 cycles at 2 hours each) flush the skid with permeate water

until the pH of water coming out from the concentrate sample valve is almost
neutral. ' '

LOW pH CLEANING (AWC A-C234):

1.

Follow same procedure as high pH cleaning. AWC A-C234 solution at 2% is !
approximately pH 1.5.

2. The total circulation time depends on the pH change.



Product Information Sheet

ADVANTAGES

«  High strength powder formulation specifically
designed for use as a high'pH cleaner of polyamide
thin film composite membrane surfaces

« Effectively penetrates and lifts biofilms and
removes oils, greases and other hydrocarbons from
the membrane surface

» Disperses inorganic particulates such as silt, clay
and metal oxides

= Helps remove silica fouling

» Chelates non-carbonate scales such as calcium
fluoride, calcium sulfate, barium sulfate and
strontium sulfate - ’

»  Compatible with all Thin Film Composite R.O.
membranes from all major membrane suppliers

« Certified by NSF to NSF/ANSI Standard 60

‘TYPICAL PROPERTIES

Appearénce White to tan powder
Odor Slight characteristic

Solubility inwater  Soluble
pH {1% solution) 11-12

PACKAGING

45 Ib. pails and 400 Ib. non-returnable plastic
drums

AWC C-226

Reverse Osmosis Membrane Clean;ing Compound

SAFETY & HANDLING

L

]
Store in cool, dry and well uentilated: area. Keep
containérs ciosed, Wash contaminated clothes
before re-use. Wash thoroughly after handling.
For more information, see the Safety Data
Sheet provided with this praduct.

CHEMICAL FEEDING AND CONTROL

Cleaning solution should be prepared using
potable water free of residual chlorine or other
oxidizing agents. Solution should consist of
9-18 Ibs of AWC C-226 for every 100 gailons
of water (1 - 2 % by wt. solution). Adjust pH
between 10-11 by adding more AWC C-226

if necessary. Circulate the cleaning solution
throughout the system without exceeding
pressures/flow rates recommended by the
membrane manufacturer. Cleaning efficacy can
be improved by heating the cleaning solution
and alternately circulating the solution for

15 min and then soaking the membranes for
15 min. Repeat as many times as necessary.

" Add AWC C-226 as necessary to the cleaning
soluticn to maintain the pH range of 10-11
throughout the entire cleaning process.
Depending on severity of fouling, your AWC
representative will recommend optimal cleaning
times.

Zawnc

L a
- =

P: +1.813.246.5448 / E:info@membranechemicals.com 7 www.membranechemicals.com

© 1993-2017 American Water Chemicals, Inc. All Rights Reserved AWC Form Mo. 446-R102 10.17



Product Information Sheet

ADVANTAGES

» (Concentrated liquid formulation designed for use as
a low pH cleaner of polyarhide thin film composite
mermbrane surfaces

« Removes inarganic carbonate, phosphate and
sulfate scalants as well as metal oxides
« Contains a synergistic blend of cleaners and scale

removal agents for a thorough cleaning of the
membrane

»  Will remove certain inorganic precipitants that
cannot be removed through the use of citric or
hydrochioric acid

» May eliminate the need for repeat cleanings in
cases of severe scaling

s Compatible with all Thin Film Composite R.Q.
membranes from all major membrane suppliers

» Certified by NSF to NSF/ANSI Standard 60

TYPICAL PROPERTIES
Appearance Clear colorless to yellow liquid
Odor Essentially no odor

Solubility in water Complete
pHlasis)@25C <2
Specific Gravity 1.15+0.05

PACKAGING

5 gallon pails, 55 gallon non-returnable plastic
drums and 275 gallon totes

AWC C-234

Reverse Osmosis Memnbrane Cleanjng Compound
SAFETY & HANDLING

Store in coal, dry and well ventitated area: Keep
containers closed. Wash contaminated clothes
before re-use. Wash thoroughly after handling.
For more information, see the Safety Data
Sheet provided with this product.

CHEMICAL FEEDING AND CONTROL

The cleaning solution should be prepared using
potable water that is free of residual chlorine
or other-oxidizing agents. Add 2 gallons of
AWC C-234 to every 100 gallons of water
{2% solution). Adjust the pH in the range 2-3.
Recirculate the cleaning solution throughout
the systemn, after redirecting the first 20% of
the solution to drain. Do not exceed pressures,
temperatures and flow rates recommended
by the membrane manufacturer. Cleaning
efficacy can be further improved by heatlng the
cleaning solution and alternately circulating
the sclution for 15 minutes and then soaking
the membranes for 15 minutes. Repeat as
“necessary. Monitor the pH range periodically
throughout the cleaning. When pH increases
above the desired range, it should be adjusted
by adding more AWC C-234. i

alc

®

P:+1.813.246.5448 / E: info@membrénechemicals.cbm / www.membranechemicals.com

©1993-2017 American Water Chemicals, Inc. All Rights Reserved AWC Form No 646-R1 10.18,17




a w ' Perfecting the Science of Membrane Treatment I

AWC C-226 HIGH pH CLEAN ING PROCEDURE

Safety Precautions: ;

Always add chemicals slowly to an agitated batch of make-up water.

Always wear safety glasses and appropriate protective gear when working with chemlcals

Don’t mix concentrated acids with caustic solutions. -

Always perform a high pH clean before the low pH clean. [

Ensure that cartridge filters in cleaning Skld are clean and that no water is remamlng in the

pipes from the last cleanmg 5

Be sure all hoses and piping can handle the temperatures, pressures and pH which will be

encountered during cleaning. ;

7. During cleaning, do not exceed membrane manufacturer’s recommendations for pH,
temperature, pressure, flow rates, .

8. Thoroughly rinse the 1* cleaning solution from the R.O. system before introducing the

next solution.

b

o

Reverse Flow Permeate Flushing:

p—

Fill cleaning tank with permeate water and adjust pH to 9.

Flush membranes in reverse flow using procedure from’ Hydranautlcs Techmcal
Service Bulletin 125.01 .

Flushing water should go to drain, nevér back to the cleaning tank

Start at a2 low flow of 11 — 13 GPM (44 — 50 L/min) and observe AP

Flow can be increased to 23 GPM (88 L/min) ONLY if AP does not exceed 60 PSI
Maximum flow during reverse ﬂushmg should NEVER exceed 23 — 26 GPM (88 -
101 L/min)

L

oW

Forward Flow Permeate Flushing:

Fill cleaning tank with permeate water and adjust pH to 9.

Flush in normal flow direction to drain. oo

Start at a low flow of 11 — 13 GPM (44 — 50 L/min) and observe AP '

Flow can slowly be increased up to 50 GPM (189 L/min) ONLY if AP does not cxceed
60 PSL .

5. ‘Maximum flow during forward flushing should NEVER exceed 60 gallons per -
minute (227 L/min). .

el S e

P: +1.813.246.5448 / E:info@membranechemicals.com # www.membranechemicals.com
1802 Corporate Center Lane, Plant City, FL 33563
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Cartridge Filters: ;

Always use 1 mlcron cartridge filters for cleaning. This is to prevent suspended

solids removed during cleaning from being re-introduced into the system. If AP

exceeds 10PSI during cleaning, then the filters are heavily fouled and must be replaced.
1

High pH Clean:

The purpose of the High pH cleaning is to remove Organics, Biological Foulingiand
Silica that have deposited on the membrane. C-226 also contains proprietary
ingredients that will remove some sulfate scales.

Preparing Cleaning Solution:

1. Calculate required cleaning solution. This can be estimated by assuming 10 Gal
(40L) per 8” membrane. This will be referred to as “required volume”. The value
may vary depending on system piping, so you may need up to 20% additional
volume (12 Gal per membrane)

2. Fill required volume of chlorine-free permeate water in Cleaning tank and heat to a
temperature between 100 — 105 °F (37 - 41°C). DO NOT EXCEED
MEMBRANE’S MANUFACTURER RECOMMENDATIONS FOR

: TEMPERATURE RANGE AT ANY TIME DURING CLEANING.

3. Add 1% AWC C-226 by volume (Approx. 84 LBS C-226 for every 1000 Gal of "
" water, or 10 KG C-226 for every 1000 L of water). Mix well within the tank using
recirculating pump. Do not send to membranes until chemicals are fully mixed.

4. Introduce the cleaning solution to the system. Divert the first 20% of cleaning
solution (the most highly fouled cleaning solution) to drain in order to displace water
already in the membranes Route the remaining cleaning solution back to the CIP
tank.

* 5. " Add another 1% AWC C-226 by volume (Approx. 84 LBS C-226 for every 1000
Gal of water, or 10 KG C-226 for every 1000 L of water). Mix well within the tank
using recxrculatmg pump. Do not send to membranes until chemicals are fully

- mixed.

. 6. Check pH. pH should be > 12. If pH<I1.9, add more C-226 to reach target pH. Do
not add more than 0.1% at a time (~8 LBS C-226 for every 1000 Gal of water, or ~1
KG C-226 for every 1000 L of water). A]ways continue mixing during pH
adjustment by recirculating within the mixing tank. Never try to adjust pH in

P: +1.813.246.5448 / E:info@membranechemicals.com 7/ www.membranechericals.com
1802 Corporate Center Lane, Plant City, FL 33563
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C/
stagnant water. Mix well within the tank using recirculating pump. Do not send to
membranes until chemicals are fully dissolved. '
|

1

NOTE: Do not at any time exceed pH and temperature beyond the membrane
manufacturer’s recommendations for cleaning procedures.

Cleaning procedure:

NOTE: Do not at any time exceed flow rates and pressures outlined by the
membrane manufacturer for cleaning procedures.

7. Recirculate at low flow in the range of 10 — 12 GPM (37 — 45 L/min) and monitor
every 15 minutes. Always ensure that Pressure Differential does not exceed 60 PSI
(or pressure limit recommended by your membrane manufacturer)..

8. If AP does not exceed 60 PSI, increase recirculation flow to 20 — 24 GPM (76 — 91
L/min) and monitor every 15 minutes. If dP is > 60 PSL, maintain cleaning at low
flow for a longer time period.

9. If AP does not exceed 60 PSI, increase recirculation flow to 35 — 40 GPM (132 —
151 L/min). If P is > 60 PSI, maintain cleaning at low flow for a Jonger time period.

10.  Check Differential Pressure (AP) every 15 minutes and verify that AP is decreasing
to ensure that foulants in feedspacers are dissolving.

11. Check pH every 15 minutes throughout the entire cleaning process. If pH <11.9, add
more C-226 to reach target pH. Do not add more than 0.1% at a time (~8 LBS C-226
for every 1000 Gal of water, or ~1 KG C-226 for every 1000 L of water). IF THE
SOLUTION IS VERY DARK IN COLOR AND TURBID, THEN MAKE A
FRESH SOLUTION.

12, After 1 hour of circulation, soak for 30 minutes. (Stop circulation of cleaning
solution, close valves to prevent drainage of pressure vessels and allow membrane to
“soak” in the cleaning solution.) f

13.  Soaking for more-than 1 hour is unnecessary. After soaking repeat steps 10 — 12.

14, A total cleaning time of 5 - 7 hours is recommended (this includes soaking time)‘
Record AP, pH, temperature, flow rates, color and turbidity of the cleaning solution
every 15 minutes during the entire cleaning period.

L 15. Longer c]eaning}tinies may be required if pH does not remain constant for at least 2
- consecutive pH measurements (15 minute increments). |

P: +1.813.246.5448 / E:info@membranechemicals.com # www.membranechernicals.com
1802 Corporate Center Lane, Plant City, FL 33563



t
'

- . I sb
a w ' _ Perfecting the Science of Membrane Treatment I
|

f
|

16. Cartridge filters should be monitored regularly during cleaning, If AP exceeds 10
PSI, cartridge filters should be changed.

17.  Fill CIP tank with chlorine free Permeate water and flush with permeate until nb
more foaming appears in the rinse water (permeate flushing solution).

18, Flush with permeate until no more foaming appears in the rinse water. The pH and
conductivity of the water exiting the concentrate side of the pressure vessels should
be approximately equal to the pH and conductivity of the permeate entering the
system:

pH in = pH out
Conductivity in = Conductivity out

Color in = Color out

19. Put the unit back into service. Send permeate to drain until pH and TDS of permcatc
meets QC specifications as required by your facility.

-

P: +'1 813 246. 541;8 J E:info@membranechemicals.com # WWW. membranechemlcals com
- 1802 Corporate Center Lane, Plant City, FL 33563
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AWC C-234 LOW pH CLEANING PROCEDURE

Safety Precautions:

Always add chemicals slowly to an agitated batch of make-up water.

Always wear safety glasses and appropriate protéctive gear when workmg with chemicals.

Don’t mix concentrated acids with caustic solutions. -

Always perform a high pH clean before the low pH clean.

Ensure that cartridge filters in cleaning skid are clean and that no water is remaining in the

pipes from the last cleanmg

6. Be sure all hoses and piping can handle the temperatures, préssures and pH which will be
encountered during cleaning,

7. During cleaning, do not exceed membrane manufacturer s recommendations for pH
temperature, pressure, flow rates.

8. Thoroughly rinse the 1* cleaning solution from the R.O. system before introducing the

next solution. ‘

AL =

Low pH Clean:

The purpose of the low pH cleaning is to remove carbonate, phosphate and hydroxide
scales that is deposited on the membrane. AWC C-234 also contains proprletary
ingredients which help in the removal of various other inorganic foulants. -

Preparing Cleaning Solution:

1. Calculate fcquired cleaning solution. This can be estimated by assuming 10 Gal (40L) per
8” membrane. This will be referred to as “required volume”. Depending on volume of
piping, please allow up to 12 Gal per membrane if necessary. -

2. Fill required volume of chlorine-free permeate water in Cleaning tank and heat tlo a
temperature between 85 — 90 °F. DO NOT EXCEED MEMBRANE i
MANUFACTURER’S RECOMMENDATIONS FOR TEMPERATURE

"RANGE AT ANY TIME DURING CLEANING. |

3. Add 2% AWC C-234 by volume (ie. Approx. 20 Gal C-234 for each 1000 Gal of
: water) . Mix well using recirculating pump.

4. pH should be between 2 — 3. If pH>3, add more AWC C-234 to adjust pH between
2-3. For tightening membrane pores after a high pH cleaning, a p of 2 is preferable.
0.1 —0.2% HCl can be added to further decrease the pH to 2. Always continue mixing
during pH adjustment. Never try to adjust pH in stagnant water,

P: +1.813.246.5448 / E: info@membranechemicals.com # www.membranechemicals.com
1802 Corporate Center Lane, Plant City, FL 33563



| |
a w ' Perfecting the Science of Membrane Treatment |

Cleaning procedure:

NOTE: Do not at any time exceed flow rates and pressures outlined by the
membrane manufacturer for cleaning procedures. '

5. Introduce the cleaning solution to the first stage. Divert the first 20% of cleaning’
sofution (the most highly fouled cleaning solution) to drain in order to displace water

already in the membranes. Route the remaining cleaning solution back to the CH’
tank.

6. Recirculate at low flow in the range of 10 — 12 GPM (37 — 45 L/min) and monitor
every 15 minutes. Always ensure that Pressure Differential does not exceed 60 PSI
(or pressure limit recommended by your membrane manufacturer).

7. If AP does not exceed 60 PSI, increase recirculation flow to 20 — 24 GPM (76 — 91
L/min) and monitor every 15 minutes. If dP is> 60 PSI, maintain cleaning at low
flow for a longer time period.

8. If AP does not exceed 60 PSI, increase recirculation flow to 35 —40 GPM (132 —
151 L/min). If dP is > 60 PSI, maintain cleaning at low flow for a longer time period.

9. Check Differential Pressure (AP) every 15 minutes and verify that AP is decreasmg
to ensure that foulants in feedspacers are dissolving.

10. Check pH. If pH has increased by more than 0.5 pH units, add AWC'C-234in 0'1%
increments to the circulating solution to adjust pH to 2 — 3. [

11. After 1 hour of circulation, soak for 30 minutes. Soakmg at low pH provides more
effective results in reversing increased salt passage from high pH cleaning. . (Stop
. circulation of cleaning solution, close valves to prevent drainage of pressure vesse]s
and allow membrane to “soak” in the cleaning solutlon ) ,
- i

12. S_baking for more than 1 hour is unnecessary. After soaking repeat steps 8 — 11. i

13. A total cleaning time of 4 — 6 hours is recommended (this includes soaking time).
Record AP, pH, temperature, flow rates, color and turbidity of the cleaning soluti:on
every 15 minutes during the entire cleaning period.

~14. Longer cleaning times may be required if pH does not remain constant for 2 i
consecutive pH measurements (15 minute increments).

. § |
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15.  Cartridge filters should be monitored regularly during cleaning. If AP exceeds 10
PSI, cartridge filters should be changed.

16. Fill CIP tank with chlorine [i-ee Permeate water. |

17.  Flush with permeate until pH and conductivity of the water exiting the concentrate

side of the pressure vessels are approximately equal to the pH and conductmty of
the permeate entering the system:

pH in = pH out
Conductivity in = Conductivity out
Color in = Color out ;

18. Put the unit back into service. Send permeate to drain until pH and TDS of permeate
"~ meets QC specifications as required by your facility.
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