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The training manual will provide comprehensive guidance and knowledge for operating, maintaining, and
troubleshooting,a reverse osmosis system. It will cover the fundamental principles, system components, operation
procedures,'safety considerations, maintenance protocols, water quality monitoring, and compliance requirements. The
manual will also include practical examples, checklists, and templates to facilitate effective training and
implenientation.

Please note that this is a general outline, and the content and level of detail may vary based on the specific
requirements and complexity of the RO system being used.
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1.1 Purpose of the Manual

This training manual delivers a field-proven framework for mastering reverse osmosis (RO)

system management. Drawing on decades of operational experience, it equips personnel with

the actionable knowledge required to optimize performance, ensure safety, and mitigate risks in

real-world applications.

The manual enables users to:
7
o~ )

WN\\V

1. Master Core Principles

o Decipher membrane science, water chemistry, and system hydraulics

o Interpret component interactions from intake to concentrate disposal

PO\ N
2. Execute Precision Operations
« \.)

o Implement startup/shutdown sequencing validated by 10,000+ operating hours

o Execute maintenance protocols that extend membrane life by 30-40%

P N N N
3. Enforce Safety First

NN\ YT
o Apply chemical handling procedures (OSHA 1910.1200 compliant)
o Mitigate high-pressure hazards (>1,000 psi risks)
L\ a v

4. Drive Peak Performance
S\ N\

o Deploy normalization techniques for flux and salt rejection
o Optimize recovery rates while avoiding scaling/fouling
r 4 ~ A

5. Guarantee Compliance
2NN 4

{0 Document for EPA/ISO 14001 audits
\\\o _Maintain chain-of-custody for wastewater discharge
(6. R‘esolve Failures Rapidly
-) o Diagnose 90% of faults using symptom-based decision trees

o Apply corrective actions that reduce downtime by <60 minutes

Ultimate Mission: Transform theoretical knowledge into operational excellence — producing

water that consistently meets purity targets while minimizing lifecycle costs.
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1.2 Target Audience

This manual delivers role-critical knowledge for personnel across the RO lifecycle — from daily

operations to strategic oversight. Designed with tiered competencies, it addresses the distinct

needs of:
Role Core Focus Areas Competency Targets
« Startup/shutdown sequencing
Operations « Real-time parameter monitoring | Reducéveactionary responses by

Technicians

(SDI, AP, conductivity)
» Chemical handling safety

70% threugh'predictive operation

Maintenance

« Membrane troubleshooting and

replacement protocols

Extend mean time between failures

« Hydraulic profile balancing

Engineers * CIP system calibration (MTBF) by 40%
» Mechanical seal management
* Perf lizati . —
Process errormance SN I.Za.tlorT Achieve >92% system availability
. « Antiscalant,dose eptimization . .
Engineers through data-driven tuning

EHS Compliance
Officers

* OSHA-1910.119 compliance
ssCongentrate discharge
permitting

» Hazardous material
documentation

Eliminate non-conformances in
regulatory audits

Plant Manhagers

« Lifecycle cost analysis
* Spare parts strategy
« Staff competency validation

Cut OPEX by 15% while maintaining
99.9% water quality compliance

1.3 Overview of Reverse Osmosis (RO) System

Core Principle:

RO overcomes natural osmotic pressure by applying external force (typically 150-1200 psi),

Page 6 of 92




selectively permitting water molecules through semi-permeable membranes while rejecting

>99% dissolved solids, organics, and pathogens.

Semi-permeable
m:_-rnbrﬁmf

@evius

Water flow

Key Components & Operational Realities:

e W Spiral Wound
o e ' Element Design
. \ Pertorated Fraduct Tute

Component

Function & Technical
Specifications

Failu\Q

Pre-treatment

e MMEF- removal of
particles down to 50

micron \
e Sediment Filters:
>98% partic(s&,\

e Carbon
Vessel
<0.1 pp

. enér: Maintain
ess <10 PPM

inate to

N

Either of the treatment is used to
%rotect the system from
1. Can cause fouling on the
membranes
2. Cl;
breakthrough: Destroys

membranes in 47 hours

re chlorination dosing

0.5-5ppm

De chlorination dosing 3

-5 ppm

e Antiscalant dosing 3 -5
ppm

e Acid dosing-PH 6.2 -
6.5

e Post chlorination

e Post PH correction

Either of the treatments is used
to protect the membrane from
1. Prevent scaling on the
membranes
2. Protects membranes from
scaling
3. Make water suitable for
drinking and keep it safe
for drinking
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Component

Function & Technical
Specifications

Failure Alert

High-Pressure
Pump

 Multistage centrifugal (80-
1000 psi)

* Energy Recovery Device (ERD)
reduces power by 35-60%

« Minimum flow protection
required

Cavitation: Occurs at <3 m
NPSH - causes impeller pitting i
2 weeks

n

RO Membranes

* Thin-film polyamide spiral-
wound elements

* Pore size: 0.0001 pm

« Standard rejection: 99.7% -
99.8% NaCl

* Max temp: 40°C; pH 2-11
(cleaning only)

Oxidation: 0.1 ppm Clsdegrades

membranes irreversibly
Fouling can @ctur on.the
membranes

Scaling~can occur if proper
chemical'is not dosed

Pressure Vessels

* Fiberglass-reinforced plastic
(FRP)

* 6-8 elements/vessel

» Max operating pressuren600
psi (42 bar)

O-ring leaks: Cause 53% of salt
passage failures

Instrumentation

* Flow meters:\+2% accuracy
Mag meters

* Presstire\gauges: Glycerol-
filled,"0-600vpsi range
».Conduyctivity: Temp-
compensated (0.1 pS/cm)

Uncalibrated sensors: Cause
30% misdiagnosed failures

Controel System

#'PLC with HMI

 Automated flush/CIP
sequences

* High-pressure shutdown
(>10% max P)

« TDS-based permeate divert

Manual overrides: #1 cause of
thermal shock & membrane
damage

Product Water
Handling

* Lined carbon steel/316L SS
tanks
« UV sterilization (40 mJ/cm?)

Biofilm growth: Occurs in <72
hrs if LSI <0 - requires 0.3 m/s
loop velocity
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Function & Technical .
Component cpe .- Failure Alert
Specifications

« Nitrogen blanketing (0,<0.1
ppm)

Molecular Rejection Capabilities:

Unsupported markdown: .
b Na+/Cl- ions
blockquete

RO Membrane— Permeate > Acceptable 100% Colloids/Viruses

Unsuppdrted markdown:
blockquote

Organics >200 MW

Feed Water

\ Concentrated—— »  Scaling ions
Concentrate ——  Reject

10-100x—————» Pretreatment chemicals

S

@\

Critical Performance Metrics

\ °
Parameter et Range Alarm Threshold
o\ g g
Normalized Permea M +15% baseline >20% change in 24h

Salt Passagkgt’\_ <0.5% increase/month | >1% in 72h

e Flux: 14-22 GFD (standard); 8-12 GFD (seawater)
<. Recovery: 50-75% (brackish); 40-50% (seawater)

« Concentrate LSI: <1.8 with antiscalant
Operational Imperatives:

1. Pre-treatment is Non-Negotiable: SDI<5, ORP<200 mV, turbidity<0.1 NTU
2. Hydraulic Balance Dictates Longevity: Stage 1 flux < Stage 2 flux x 1.25

3. Automate or Fail: Manual systems suffer 3x more membrane replacements
Page 9 of 92



4. Monitor the Right Parameters: Normalized dP & salt rejection reveal early fouling



2.1 RO System Components

A reverse osmosis (RO) system consists of several essential components that work together to
purify water. Understanding these components is crucial for operating, maintaining, and
troubleshooting an RO system effectively. The key components of an RO system includé:

Pre-Treatment Equipment:

e Sediment Filter: Removes larger particles, such as sand, silt, and sediment, from the feed

water.
e Carbon Filter: Reduces chlorine, organic compounds, and unpleasant odors and tastes.

e Water Softener: Removes hardness-causing minerals, such as, calcium and magnesium,
through ion exchange.

High-Pressure Pump:

e Provides the necessary“pressure to overcome the osmotic pressure and push water

through the RO'membrane.
e Ensures a consistent flow rate and pressure within the system.

Reverse Osmosis Membrane:
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e The heart of the RO system, the semi-permeable membrane removes dissolved solids,
salts, bacteria, viruses, and other contaminants from the water.

e The membrane has microscopic pores that allow water molecules to pass through while
rejecting larger particles and contaminants.

Pressure Vessels and Housing: ®

e These components hold the RO me and provide structural support.

e Pressure vessels are designed to &he high-pressure operation of the system
and ensure proper sealing anz%m of the membranes.

e Flow meters measure the rate of water flow through the system and help monitor
performance and efficiency.

e Pressure gauges indicate the pressure at various stages of the system, including feed
water, pre-treatment, and RO membrane.
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Control Panel: @
e Contains electrical components, sensors, and automation systen‘(%‘éi‘or and control

various parameters of the RO system.
e Controls the operation of pumps, valves, and other equipm %

— e —

Product Water Tank and I@ogt ystem:

e The purified ®S'¥ored in a tank before being distributed for various applications.
st

e Adistribution , including pipes, valves, and faucets, delivers the purified water to
the des'r&oints of use.

Inst% ion and Sensors:

e Conductivity Meter: Measures the conductivity of the water to monitor the total
dissolved solids (TDS) level and water quality.
e pH Meter: Monitors and controls the pH level of the water to ensure optimal
performance of the RO system.
e Temperature Sensors: Measure the temperature of the feed water and product water to
monitor system efficiency and performance.
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Each component of the RO system plays a critical role in the overallgperformance and
effectiveness of water purification. Regular maintenance, monitoring,‘and proper functioning of
these components are essential for efficient and reliable operation of the RO system.

Component

Technical Specifications
& Functions

Failure Alerts & Maintenance Critical

Pre-Treatment

» Sediment Filter

- Pore rating: 5-20 pm
- Dirt holding capacity:
>5 kg/m?

- AP max: 10 psi

/\ Bypass risk: AP >15 psi collapses media
— particle breakthrough

» Carbon Filter

- Chlorine capacity: 1 kg
Cl,/100kg carbon
- lodine no.: 21000

/\ Channeling: Bed expansion <20%
during backwash — Cl, breakthrough in 40%
of service life

« Water Softener

- Hardness leakage: <1

ppm

- Salt efficiency: 24,000
gr/ft®

- Flow rate: 5-7 gpm/ft?

/\ Fouling: Iron >0.3 ppm requires weekly
resin cleaning with sodium hydrosulfite

High-Pressure
Pump

- Type: SS316 multistage
centrifugal or duplex SS
- NPSHr: <3m

/\ Cavitation: Vibration >4.5 mm/sec —
impeller erosion in <100hrs
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Component

Technical Specifications
& Functions

Failure Alerts & Maintenance Critical

- ERD** efficiency: 35-
60% energy recovery

RO Membranes

- Active layer: Polyamide
TFC

- Salt rejection: 99.7%

- Max temp: 45°C; pH 2-
11 (cleaning only)

/\ Oxidation: 0.1 ppm Cl, — irreversible
flux decline in 72hrs

Pressure Vessels

- Material: FRP with
epoxy liner

- Max pressure: 600 psi
(42 bar)

- O-ring: EPDM/FKM

/\ Telescoping: Feed flow >75 gpm/vessel
— membrane damage

Instrumentation

* Flow Meters

- Accuracy: £2% of rate
(mag meters)
- Rangeability: 10:1

/\ Fouling: Low-flow cutoff <10% full scale
causes false readings

* Pressure Gauges

- Glycerol-filled, 600 psi
range
- Accuracy: £1.5% FS

/\ Damage: Water hammer >1.5x OP
bursts bourdon tubes

« Conductivity

- Temp comp: £0.1%/°C
- Cell constant: 0.1-10

cm™?

/\ Coating: Oil/grease — 90% accuracy
loss

Control System

- PLC redundancy: Dual
processors

- HMI: Alarm
prioritization (PHA***)
- Data logging: 1-sec
intervals

/\ Cyber risk: Unsecured Modbus TCP
allows ransomware attacks

2.2 RO Process Flow Diagram
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A reverse osmosis (RO) process flow diagram illustrates the sequence of operations and the
path that water follows through the RO system. It provides a visual representation of how water
is treated and purified using the RO technology. Here is a general RO process flow diagram:

L B e Doy
SNovlen
Ran Water . Q
. Procinion Fider %
Raw Water Tank  Food Punp Saad Fiter Activatsd
Carlom §iker [ j

- - L )
-—

~R ~

Water Producieg Tank «  Highprevure
RO system ’ Peap

"
Key Components Explained: @\
1. Raw Water Source & Tank: %\
o Source: Well, River, % upply.
o Tank: Provides consist eed and buffer capacity. We suggest a minimum

4
retention v %‘ 1 hour.
2. Pre-Treatmen al for Membrane Protection):

o Multi-Me ilter: Remove the suspended solids down to 50 microns
o <Sediment Filters: Remove sand, silt, rust, suspended solids.
\a&n Filters: Remove chlorine, chloramines, organics, taste/odor.
ater Softeners (if needed): Remove hardness (Ca**, Mg®*) to prevent scaling.
(3&\ Goal: Protect membranes from fouling (solids), degradation (oxidants), and scaling

(minerals).

3. High-Pressure Pump:

o Generates pressure (typically 100-1000+ psi) to overcome natural osmotic
pressure.

o Forces water through the RO membrane.
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4. RO Membrane (Core Process):

o Semi-permeable polymer membranes (spiral-wound elements are common).
o Permeate (Product Water): Pure water molecules forced through membrane
pores.

o Concentrate/Reject: Water stream containing concentrated dissolved salts,

organics, and particles rejected by the membrane. %
5. Permeate Stabilization: \/Q
o pH Adjustment: Often needed as RO water is slightly acidic a@ e. (e.g.,

ial safety in

adding CaCOs, NaOH). XI
o Remineralization: Adding beneficial minerals (e.g., %3 or taste/stability.
o Disinfection: UV light or chlorine injection to ens \C%
storage/distribution. %

6. Product Water Storage & Distribution: %g
o Storage Tank: Holds treated water for nd use.
o Distribution: Piping and faucet \W purified water to point-of-use (POU)
or point-of-entry (POE). %
7. Concentrate Stream: \

o Contains concentratéd" ities removed from feed water.

o Sent to drain, sswer,'o ther treatment/recovery processes.

8. System Monitori ontrol (Continuous):

nitored: Feed/Permeate/Concentrate Pressure, Flow Rates,

DS, pH, Temperature, ORP (Oxidation Reduction Potential).

Condutgtivi
o 'éﬁ@x: Automated valves, pump VFDs (Variable Frequency Drives), chemical

osiig pumps based on sensor feedback.

oals: Optimize efficiency, ensure water quality, prevent membrane damage,
cﬁw\ automate flushing/cleaning cycles.

2.3 Membrane Filtration Mechanism
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1. The Semi-Permeable Membrane:

o Material: Thin-Film Composite (TFC) is dominant (polyamide layer over
polysulfone support) due to higher flux, rejection, and pH tolerance vs. older
Cellulose Acetate (CA).

o Function: Acts as a selective barrier. Its dense "skin" layer has nanoscale

pores (~0.1-0.5 nanometers).

Suspended
particles

Bacteria
. Virus Multivalent Monovalent Wt
- - - ions ions fater
Microfiltration (MF) O e > e
Pore size: 01-1.0 um
Trans membrane pressure 0.1 - 5 bar _\/ _\/ —\_\—\_\_
Ultrafiltration (UF) . O o o ° A
Pore size: 0.01-1.0 um
Trans membrane pressure 0.1 - 5 bar - _y_ _V_ _V_ _\_ _\ — ——
Nanofiltration (NF) . O ® o " N
Pore size: 0.001- 0.01um
Trans membrane pressure 8 - 40 bar -——M——M——y \<— \\ -\
Reverse Osmosis (RO) . O o o

] NS
Pore size: < 0.001 um (1 nm) \/ \/ \/ v \/ \
Trans membrane pressure 30 - 85 bar \
—~— NN\ ™
2. Size-Exclusion: The Primary Gatekeeper:
" 2N Y Y

o Pore Size vs. Contaminants: Pores are significantly smaller than most dissolved
ions, molecules, and microorganisms.
=  Water m\olecme: ~0.28 nm
= Na"ion (hydrated): ~0.72 nm
= Cl"ion (hydrated): ~0.66 nm

»  Glucose: ~0.8 nm

Q = Viruses: 20-400 nm
Q = Bacteria: 200-10,000 nm
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REVERSE OSMOSIS ULTRAFILTRATION

NANOFILTRATION | T MICROFILTRATION
.'y .

Aqueous Salts Viruses

Divalent  Multivalent
lons I lons

Paint Pigments

Sodium lons Dyes

Emulsified Oils Bacteria
Flavonoids Colloidal Silicas Resins / Fats
Detergents Antibiotics Polypeptides

Atomic Radii Sugars Carbon Black

Micrometers . 0.1 1.0

Approx.

100 100,000 500,000
Molecular Mass

f "\ "o
o Result: lons, organics, colloids, bacteria, and viruses are physically blocked ("size-

excluded") from passing through the pores.
N \AhAWw

- \\ N’

3. Diffusion & Osmosis: The Natural Forces Overcome:
N\ )

o Osmosis: Natural process where water moves through a semi-permeable
membrane from a dilute solution (low solute concentration) to a concentrated
solution (high solute concentration) to equalize concentrations.

o Osmotic Pressure: The pressure generated by this natural water flow tendency.

Higher TDS = Higher Osmotic Pressure.

Solution Pure Water
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4. Reverse Osmosis: Applies external pressure (AP) greater than the natural osmotic
pressure (Am) to the concentrated feed water side. This reverses the natural flow, forcing
water molecules from the concentrated side through the membrane to the dilute
(permeate) side.

o Formula: Water Flux « (Applied Pressure - Osmotic Pressure) = AP - At

[ N

Reverse Osmosis

Fresh Water
2

Salt Water
@ 9
@9

-Membrane

2
@
@ ()
@ o P
f "\
5. Contaminant Rejection:
N
o Maechanism: Primarily size-exclusion, but also influenced by:

o\ I\

= Charge Repulsion: Many TFC membranes have a slight negative surface
charge, repelling negatively charged ions (anions).
= Solubility/Diffusivity: A contaminant's solubility within the membrane
material and its diffusion rate through it play secondary roles (more
significant in other membrane processes like NF).
o RejectionA R:t; (%\): Rejection (%) = (1 - [Permeate Concentration] / [Feed
Concentration]) * 100
o Typical Rejections: >95-99% for most dissolved salts (NaCl), >99% for organics,

bacteria, viruses.
~ N\ N\

e N
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Aluminum ~ Al+3
Ammonium  NH4+
Borate  B402-2

Boron B
Bromide Br-
Cadmium  Cd+2
Calcium  Ca+2
Chloride Cl -

Chromate  Cr04-2
Copper  Cu+2

Fluoride f-
[ron Fe+1
Lead Ph+2

Manganese Mn+2

97198
85— 95
3050
6010
93 - 96
93-97
95— 98
9298
8595
96 — 98
9395
96— 98
95— 98
97198

lon Symbol % Rejection

Magnesium Mg+2

Mercury  Hg+2
Nickel Ni+?2
Nitrate NO3-
Phosphate  P04-3
Polyphosphate
Potassium K+
Silica Si
Silicate  Si02-2
Silver Ag+
Sodium  Na+
Sulfate  SD4-2
Thiosulfate  §203-2
line In+12

Nominal Rejection Characteristics of
Thin Film Composite Polyamide Membrane*
lon Symbol % Rejection

9598
95-91
9798
9095
95— 98
96— 98
92— 96
8590
9295
95-91
9298
96— 98
9798
9799

* The above percent of rejection is for reference only and not
to be construed as chemistry, temperature, and TDS are not
constant in each water supply.

Why This Mechanism is Powerful:

« Physical Separation: Removes contaminants without phase change (like distillation) or

chemical regeneration (like ion exchange).

e Broad Spectrum Removal: Effectively removes dissolved inorganic salts, organics,

microorganisms, and particulates simultaneously.

o Scalability: Works for small household units to massive municipal/industrial plants.

Factors Influencing Efficiency & Performance:
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Factor Impact on Membrane Performance

TFC offers higher flux/rejection vs. CA; CA is more chlorine-

Membrane Material
tolerant but less durable.

Smaller pores = higher rejection but lower flux; Higher density =

Pore Size/Density higher flux

Higher pressure increases water flux and permeate preduetion

Applied P AP imi i i
pplied Pressure (AP) (up to limits). Crucial for overcoming Ar.

High TDS = High Amt = Needs more pressureNlemperature T =
Flux 1 (lower viscosity). Fouling potential (scalingsforganics,
biofilms) drastically reduces performance.

Feed Water
Characteristics

Higher recovery concentrates salts,atdmembrane surface,
increasing Am and scaling/fouling isk. Requires careful
balancing.

Recovery Rate (% of feed
becoming permeate)

Critical Maintenance Implications:

1. Pre-treatment is Non-Negotiable: Protects the delicate membrane from:

o Fouling: Blockage by particles, colloids, organics, biofilms.
o Scaling: Precipitation of minerals (CaCOs3, CaSO,, SiO,) on the membrane surface
due to concentration.
o Chemical Degradation: Oxidation by chlorine/oxidants (especially damages TFC).
2. Regular Monitoring: Tracking pressure drop, flux decline, and salt rejection identifies
fouling/scaling early.
3. Cleaning: Chemical cleaning (CIP - Clean-In-Place) is essential to restore flux/rejection
when performance drops due to fouling/scaling.
4. Replacement: Membranes degrade over time; replacement is needed when cleaning no

longer restores performance or salt passage becomes too high.

In essence: RO membrane filtration is a pressurized, size-exclusion process leveraging a
synthetic semi-permeable membrane to overcome natural osmosis. Its effectiveness hinges on
precise membrane engineering, sufficient operating pressure, rigorous pre-treatment, and

diligent maintenance to manage the inherent challenges of concentrating impurities.
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Membrane filtration is the core process in a reverse osmosis (RO) system, responsible for
separating dissolved solids, contaminants, and impurities from the feed water. Understanding
the membrane filtration mechanism is crucial for comprehending how RO systems purify water.
Here is an overview of the membrane filtration mechanism in an RO system:

2.4 Types of RO Membranes and Applications

Reverse osmosis (RO) membranes come in various types, each designed to suit specific water
treatment needs and applications. Here are some commonly used types,of,ROvmémbranes and
their applications:

Thin-Film Composite (TFC) Membranes:

e TFC membranes are the most widely used type in RO systems due to their high efficiency
and durability.

e They consist of a thin polyamide layerontop of a porous support layer.

e TFC membranes are highly effective ih,removing dissolved salts, minerals, and a wide
range of contaminants.

Applications: Residential drinking water, Systems, commercial and industrial water treatment,
desalination plants.

Cellulose Acetate (CA) Membranes:

e CA membranes Were commonly used in the early days of RO technology but have been
largelywreplaced by TFC membranes.

e Theyare less efficient than TFC membranes and have lower salt rejection rates.

oo CA"miembranes are more prone to fouling and require careful maintenance.

Applications: Some older residential RO systems, small-scale commercial applications.

Polyamide Thin-Film Membranes:

e Polyamide thin-film membranes are a type of TFC membrane with improved
performance characteristics.
e They exhibit higher rejection rates for dissolved solids and contaminants.
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e Polyamide membranes have enhanced resistance to fouling and scaling.

Applications: Residential, commercial, and industrial RO systems, water purification for various
applications.

Nano-filtration (NF) Membranes:

e NF membranes have larger pore sizes compared to RO membranes, allowing.forthe
removal of larger ions and some divalent ions.

e They offer selective removal of specific contaminants while retaining minerals\and some
level of water hardness.

e NF membranes are effective for softening water, color removal, dnd 6rganic matter
reduction.

Applications: Water softening, color and turbidity removal, orgahics removal in wastewater
treatment.

Brackish Water RO (BWRO) Membranes:

BWRO membranes are specifically designed for treating brackish water with moderate levels of
salinity and contaminants.

e They have higher salt rejectionfrates compared to standard RO membranes.
e BWRO membranes are capable 6f handling higher feed water pressures and tolerate feed
water with higher levels of fouling potential.

Applications: Brackish water desalination, groundwater treatment, industrial applications.

Membrane\Type Key Characteristics Primary Applications

» Most widely used

« High efficiency & durability
Thin-Film « Thin polyamide layer on
Composite (TFC) porous support

« High removal of salts,
minerals, contaminants

» Residential drinking water
« Commercial/industrial treatment
* Desalination plants
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Membrane Type

Key Characteristics

Primary Applications

Cellulose Acetate
(CA)

« Early technology (largely
replaced)

* Lower efficiency & salt
rejection

« Prone to fouling; high
maintenance

* Older residential systems
 Small-scale commercial
applications

Polyamide Thin-
Film

« Subtype of TFC

* Improved performance

* Higher rejection rates

« Enhanced fouling/scaling
resistance

» Residential/commercial/industrial
RO
« General watéfpurification

Nano-filtration
(NF)

« Larger pores than RO

« Selective removal (divalent
ions, organics)

* Retains some
minerals/hardness

“Water softening
« Color/turbidity removal
» Organics removal (wastewater)

Brackish Water RO
(BWRO)

» Designed for moderate-salinity
* Higher salt rejection than
standard RO

« Tolerates‘highenfouling
potential/pressure

 Brackish water desalination
» Groundwater treatment
« Industrial applications

Key Takeaways:

1. TFC (especially Polyamide) is the modern standard for high-performance RO across all

scales.

2. CA is legacy technology with limited current use.

3. NF bridges filtration and RO, targeting specific contaminants while preserving minerals.

4. BWRO is specialized for water with moderate salinity (brackish, groundwater), distinct

from seawater RO (SWRO - not listed here).
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3.1 Requirement for the system start

PID

Feed water analysis report

Designed projection

Actual projection based on feed water
Technical data sheet of the plant

SDI test kit

3.2 _Pre-Start-Up Checklist

Sno | Check list Result “ | Remarks

1 Corrosion-resistant materials of construction are used for all
equipment from the supply source to the membrane, including
piping, vessels, instruments, and wetted parts of pumps.

2 All piping and equipment are compatible with the desigh
pressure.

3 All piping and equipment are compatible with,the design pH
range (especially during cleaning).

Media filters are backwashed and rinsed,

5 A new/clean cartridge filter is installed @lirectiaupstream of the
high-pressure pump.

6 Feed line, including RO feed manitold, ¥sspurged and flushed
before pressure vessels are cognettéd.

7 Chemical addition points are properly located.

8 Check/anti-siphon valyestare properly installed in chemical
addition lines.

9 Provisions existf0r proper mixing of chemicals in the feed stream.

10 | Provisions exist\for preVenting the RO system from operating
when the d@sing p¥mps are shut down.

11 | Provisie$existfor preventing the dosing pumps from operating
whetntheg’RO&ystem is shut down.

12 | If\ehlogineis used, provisions exist to ensure complete chlorine
r&moval prior to the membranes.

13%==Ranned instrumentation allows proper operation and monitoring
of the pretreatment and RO system.

14 | Planned instrumentation is installed and operational.

15 Instrument calibration is verified.

16 | Pressure relief protection is installed and correctly set.

17 | Provisions exist for preventing permeate pressure from exceeding
feed/concentrate pressure by more than 5 psi (0.3 bar) at any
time.

Page 27 0f 92




18 | Interlocks, time-delay relays, and alarms are properly configured.

19 | Provisions exist for sampling permeate from individual modules.

20 Provisions exist for sampling raw water, feed, permeate, and
concentrate streams from each stage.

21 | Pressure vessels are properly piped for both operation and
cleaning modes.

22 | Pressure vessels are secured to the rack or frame per the
manufacturer’s instructions.

23 | Low-pressure pumps are ready for operation: aligned, lubricated,
and with proper rotation.

24 | High-pressure pumps are ready for operation: aligned, lubricated,
and with proper rotation.

25 | Cleaning system is installed and operational.

26 | Permeate line is open.

27 | Permeate flow is directed to drain (in double-pass systems,
provisions exist to flush the first pass without permeate enterigy
the second pass).

28 | The reject flow control valve is in the open position.

29 | Afeed flow valve is throttled and/or the pump bygass\alveris
partly open to limit feed flow to less than 50%,0f the operating
feed flow.

30 | Check SDI at the inlet of MMF, outlet of /[MMFN\arid outlet of
cartridge filter and ensure it is less tharng

3.3 Startup and Shutdown Procedures

RO System Treatment Process

o 2,
i |Output A
RO i) i [
Meter
KO 0
RO s R -
'{E f— Flow Meter | Water Tank
Feed water Pump i
Cartridge %
Carbon filter RO Membrane
filter
Step | Action Purpose/Key Checks
« Verify all components (pumps, motors, instruments) are
. installed and connected correctly.
1 Pre-Start Inspection y

« Confirm feed water quality meets system requirements (e.g.,
SDI, TDS, chlorine levels).
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Step | Action Purpose/Key Checks

) Feed Water * Open feed water valve slowly.
Introduction « Allow air to vent from the system to prevent airlocks.
3 Start Pre-Treatment | - Activate sand filters, multimedia filters, or carbon filters.

« Verify pressure gauges show stable, expected readings.

 Engage the high-pressure pump.
4 Initiate RO System « Ensure pump starts smoothly (check for unysual
noise/vibration).

« Track pressure (feed, concentrate, permeate), flow rates
Parameter .
5 oo (product & reject), and temperature,
Monitoring ) . . s
« Confirm values align with maRufacturer specifications.

« Slowly increase feed flowto target rate over 15-30 seconds.

6 Gradual Ramp-Up « Avoid pressure shocks,te membranes.

Leak & Abnormality | - Inspect all fittifigs, valves, housings, and pipes.

Check « Address, leaksy alarms, or abnormal readings immediately.
« Wait 15=30 minutes for stable operation.
ilizati :
8 Stabilization & « Test\permeate water quality (TDS, pH) to ensure targets are

Validation
met:

Critical Best-Practices:

1. SafetywFirst:
PAlways follow lockout-tagout (LOTO) during pre-start checks.
= Wear appropriate PPE (gloves, goggles).
2. Membrane Protection:
— Avoid dry starts — membranes must remain wet.
— Prevent chlorine exposure if using polyamide TFC membranes (pre-treatment must

remove chlorine).
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3. Gradual Start:

— Sudden pressure spikes can damage membranes ("telescoping").

4. Data Logging:

— Record initial parameters for future troubleshooting and performance baselining.

Page 30 of 92



3.4 Operating Parameters and Setpoints

Key Parameters for Monitoring & Control

Parameter Description Units Impact on System
Determines production
Feed Water Flow rate of raw water GPM or capacity; affects recovery
Flow Rate entering the RO system m3/h rate and feuling
poteftialf
Feed Water " -
Pressure — inlet Pressure of feed water €ritical for avoiding
. supplied to the RO High- si or bar, \ _ecayitation on high-
to High Press. lissi,ijre um ° ” ressulre um 0
Pump Y pump p pump.
Feed Water " .
Pressure of feed water Critical for overcoming
Pressure — . . . .
supplied to RO psi or bar | osmotic pressure; drives
outlet pressure membranes ermeate production
from HPP P P '
Higher temps T permeate
Feed Water Temperature‘efincoming °C or °F flow (~3% per °C); affects
Temperature feed water viscosity and salt
rejection.
Permeate Flow | Flow rate of purified GPM or Primary measure of
Rate water produced m>/h system productivity.
Concentration of " or Indicates membrane
Permeate TDS dissolved solids in &p I integrity and salt
purified water 9 rejection efficiency.
Reject Flow Flow rate of concentrated | GPM or Controls system recovery
Rate brine stream m3/h rate; prevents scaling.
Concentration of " or Reflects concentration
Reject TDS dissolved solids in brine fnpg/L factor; critical for scaling

stream

control.
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Parameter

Description

Units Impact on System

Recovery Rate

% of feed water
converted to

permeate: *(Permeate
Flow / Feed Flow) x 100*

Higher recovery 1
% efficiency but 1
scaling/fouling risk.

Low-level feed
water tank

Level in the feed water
tank

1. Shutdown.the
plant when <\30%

2. Comimand, tosstart

% > stop the feed
pump-between
40%"- 85%

3\ High level - < 90%

High-level
permeate tank

Level in the Product
water tank

1. < 30% command
to stop product
transfer pump

2. Command to start
— stop the RO
system between
40% - 85%

3. High level - < 90%

%

Low level in the
Dosing tanks

Level in the feed water
tank

1. Shutdown the
% plant when < 30%

3.5 Critical Setpoints for System Control

, Purpose & . e
Sétpoint Determination Typical Guidelines
Maintain minimum * Min: 20 psi
Low Feed ressure for the high- * Max: NA.
Pressure P 9 e Low-Pressure Alarm: at low
pressure pump
pressure
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. Purpose & . e
Setpoint Determination Typical Guidelines
» Min: 15 psi (1 bar) above osmotic
Maintain optimal pressure | P oooore
Feed P P « Max: Manufacturer’'s max rating
for membrane :
Pressure (e.g., 1200 psi for sea water)
performance . .
* High-Pressure Alarm: Projected
pressure + 30 psi (2 bar)
Permeate Achleye target production Based on design specifications
Flow Rate capacity
Permeate Ensure product water Appll(?atlgn-speC|f|c e.g. < 500 ppm
. for irrigation;\<, 10, ppm for
TDS meets quality standards \
pharmaceuticals)
Reject Flow | Maintain minimum brine 10#15%,0ffeed flow (varies by feed
Rate flow to prevent scaling water chemistry)
sBrackish water: 50-80%
Recovery Balance efficiency with *» Seawater: 35-45%
Rate membrane protection + Adjusted based on scaling indices
(LSI, SDI)
Low — low - < 20%
Low - 30%
Tanks level | As perithe‘process design | Operation —35% - 85%
High - 85%
High — High — 90%

Key Operational Principles

1. Interdependence of Parameters:

o Recovery Rate = (Permeate Flow / Feed Flow) x 100
o Salt Rejection = [1 - (Permeate TDS / Feed TDS)] x 100

2. Temperature Compensation:
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@)

Use normalized flow calculations to compare performance at a

standard temperature (e.g., 25°C).

3. Pressure Management:

o

Feed pressure must exceed the sum of:

=  Osmotic pressure (~1 psi per 100 ppm TDS)

= Pressure drop across stages

= Required net driving pressure (NDP)

4. Scaling/Fouling Prevention:

o

Maintain reject flow above minimum velocity (e.g., 3—4 ft/sec) to

prevent particulate settling.

Monitor saturation indices (LS|, SI) for scale-forming ions (CaCO;,

CaS0O,).

Troubleshooting Correlations

Symptom Likely Cause Adjustment

| Permeate : Clean membranes; 1 feed
Fouling, low tempy 6w, pressure

Flow pressure

T Permeate Membrane damage, O-ring leaks, Inspect seals; check

TDS high«feed TDS pretreatment

T Feed X : Clean filters; check
Fouling, clogged intake

Pressure pretreatment

T Reject DS

High recovery rate, scaling

| recovery rate; antiscalant
dosage

Best Practices

e Monitoring: Log parameters hourly; use SCADA for real-time alerts.

o Calibration: Validate pressure gauges, flow meters, and TDS probes monthly.
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o Setpoint Adjustments: Re-optimize quarterly based on feed water analysis.

o Safety Limits: Install automatic shutdowns for:

o Low feed pressure (<1 bar)

o High permeate TDS (>10% above baseline)

o High differential pressure (>15 psi across stages)

3.6 RO System Performance Optimization

Techniques

Objective: Minimize water production cost ($/m?) while maximizing efficiency and

membrane lifespan

Implementation

cycles

Technique Key Actions Costimpact Guidance
* Chemical cleaning _
(acid/alkaline) L.OPEX by 15- S'Z*;”T":Zf/”'
1. Membrane o Air 30% ?
. ) ) — Permeate flow !
Cleaning scouring/backwashing 1T Membrane 10%
4 . (o)
« CIP (Clean-in-Place) life 2-3X _TDS 1 10%

2. Feed Water
Pre-treatment

» Multimedia filtration
(sand/anthracite)

« Garbon filtration
(ehlorine removal)

¢ Softening (ion
exchange)

Prevents 80%
of fouling

1 Cleaning
frequency 50%

Critical parameters:
-SDI <5
— Chlorine < 0.1

ppm
— Turbidity < 1 NTU

3. System
Monitoring

* Real-time tracking:
pressure, AP, flow, TDS
» Normalized
performance trending
» Automated alarms

| Energy use
20%
| Downtime
40%

Monitor hourly:

— NDP (Net Driving
Pressure)

— Salt passage

— Temperature-
compensated flows

4. Parameter
Optimization

 Recovery rate tuning
« Crossflow velocity
control

1 Energy cost
25-40%

Optimal ranges:
— Recovery: 50-75%
(BWRO)
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. . Implementation
Technique Key Actions Cost Impact P

Guidance
* Pressure/flow T Productivity | — Crossflow: 0.3-0.5
balancing 15% m/s

— NDP: 10-15 bar

* Annual integrity
testing 1 Replacement
5. Membrane * O-ring/seal costs 35%
Maintenance replacement 1 Efficiency

« Staged replacement 12%

(not full set)

Replace when:

— Salt rejectionns
90%

— Narmalized flux <
70% of\new

ROI < 2 years
* Pressure exchangers )
PX) | Energy when:
6. Energy . — Feed pressure >
Recove * Turbochargers consumption 30 bar
i * ERDs (Energy Recovery | 30-60% .
Devices) — Capacity > 50
m3/h
« Performance . Quarterly: Key'
. |dentifies 20- parameter review
7. System benchmarking
. . 50% cost Annual: Full
Audits » Mass balanee‘analysis . . .
. Fouling alitodsias savings technical audit per
g 5 Section 3.4

Optimization Workflow

1. Baseline Assessment

o Calculate current $/m?® (Energy + Chemicals + Membrane amortization)
o Establish normalized performance metrics
2. Quick Wins Implementation
o Optimize recovery rate (T until scaling risk)
o Install automatic flush cycles
o Calibrate instruments

3. Mid-Term Projects
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o Add antiscalant dosing optimization
o Implement ERDs
o Upgrade pretreatment

4. Long-Term Strategy
o Predictive maintenance program
o Al-driven performance tuning

o Membrane upgrade to high-efficiency models

Key Performance Indicators (KPls)

Metric Formula Target

Specific Energy Total energy (kWh)./ Permeate | 1.8-3.5 kWh/m?
Consumption (m3) (BWRO)
Chemical Cost Chemicalsy($)/‘Pefmeate (m®) | $0.02-0.08/m?

Opetatingshours / Standard

. > 85%
lifespan

Membrane Life

1. Critical Avoidances
/\ Never:

e Exceed max feed pressure (causes telescoping)
o Operate below min concentrate flow (accelerates scaling)
e Allow chlorine contact with TFC membranes

e Use incompatible cleaning chemicals (pH > 12 or < 1)

3.7 System Troubleshooting and Problem Solving
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RO Membrane Fouling Symptoms, Causes, and Corrective Measures:

Permeate

Flow

Salt

Passage

Different.
Pressure

Direct

Cause

Indirect Cause

" Insufficient

Corrective Measure

Clean or Replace Element

Hardness
' Check WaterSeftener or
: Removal or : AW
Decrease | Increase | Increase | Scaling Antiscalant injection.
2
System Recover
y Y ? kower System Recovery
too
Colloidal Clean or Replace Element,
, - Improve
Decrease | Increase | Increase | Fouling Insufficient Pres P
traatmant Dra_trastmant
Contaminated\Raw
: : Water, Insufficient
Decrease |Unchanged| Increase | Biofouling Clean or Replace Element,
Pré-treatment .. .
Disinfection, Improve Pre-
treatment
Organic Qily Cationic Clean or Replace Element,
. Improve Pre-treatment
Decrease |Unchanged|Unchange| Fouling Polyelectrolytes P
d
Decrease | Decrease |Unchange|Cempactio Replace Element or Add
d n Elements
Water Hammer
Replace Element. Check
N : Carbon or Sodium Bisulfite
Oxidation [Free Chlorine, Ozone, Iniection Pre-treat ‘
n n Pre-treatment.
KMnO4 jection Pre-treatme
Increase | In€rease, |Unchange| Damage
d / lower
' Replace Element & Check
System
Membrane ' Permeate y
backpressure or Design
Inckease | Increase |Unchange| Leak P 9
d/ lower ? Abrasion ? Replace Element & Check

Sediment Filtration Pre-
treatment
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O-Ring
Increase | Increase |Unchange Leak Improper Installation| Check and/or Replace O-
A/ lavsine Dinnoes
Leaking
Product :
Increase | Increase |Unchange| Damaged During Replace Element

Common Foul ants and Their Associated Symptoms

Cleaning
Solution, per

Foulant

Symptoms

a—— W S PR (S

Bio Cleaner
The element may have strong odor, possible'moeld growth on
. . . [the scroll
Biological
end. Element will likely exhibitdeywpernieate flow, but salt .
Growth [ o ° y 3 Alkaline
rejection will
Cleaner
vicvinlhibhn ne A f Ak hnttaedhan thn Avicinal +act
Carbonate |[Usually on tap water,or brackish water elements only. The Acid Cleaner
Scale element may=hé“noticeably heavier than normal. The element
will exhibittew, permeate flow and poor salt rejection.
Rust colering is seen on the end of the scroll. Possibly some  |Acid Cleaner
Iron largewrust flakes from iron plumbing. Element will exhibit low
Fouling perméate flow and poor salt rejection. Rust colored reject water
may be seen on start of baseline test.
Acid Cleaner
Alkaline
. . ... __[Cleaner
Silt or Brown or black material on scroll end. Low flow, good rejection
Carbon  |in early stages. High flow and very poor rejection in later stages
Fines due to the abrasive effects of the material on the membrane.
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3.8 Operational Parameter Recording

Daily Operation and Maintenance Log sheet

PROJECT: BWRO system - MMF

TEST CONDUCTED BY :--mmmrmmemmmmm e

CELAR WATER REPRESENTATIVE

WITNESSED BY:

Date :
Client : Month :
Capacity: 2x1000M3/day
Sno |Equipme nt Details Time interval Design Value 8:00 AM 12:00 PM 2:00 PM 6:00PM 10:00PM (12:00AM| 4:00 AM
Design Limits
1 Plant capacity - 2x1000M3/day M3/day 1000
2 Designed TDS PPM 3000
3 Designed Recovery % 75%
4 Product flow M3/hr 41.7
5 Feed flow M3/Hr 55.6
6 Reject flow M3/hr 13.9
7 System pressure Bar 15.1
8 Reject TDS PPM 12000
MMF Section
1 Feed pump Run hours hours P101A / P101B
2 Feed pump VFD freequency Point 1& Point 2 Hz 30-35 /45 -50
3 Feed pump outlet pressure Bar 3-4
4 MMF outlet pressure Bar 3-4
5 Diffrential pressure - MMF (1-2 ) Bar 0.5-1.0
6 Backwash pump run hours hours P101A / P101B
7 Backwash pump presusre Bar 2- 3 Bar
8 Backwash flow M3/hr 45
9 Air Blower run hours Hours AB101A hAB101B.
10 Air blower Pressure Bar 0.5-0.7
RO Section
1 RO Run hours Hrs ROw,./'RO 2
2 CF outlet Pressure CF - Bar Min 2.0'Bar
3 Feed water ORP MV 1104150
4 Feed water PH
5 Inlet flow - HPP1 M3/hr 55 - 56
6 System Pressure RO 1 Bar 14-16
7 Inter stage pressure RO 1 Bar
8 Reject Pressure RO 1 Bar,
9 Pressure drop 1st Pass( 6-7) Bar 1.1
10 Pressure drop second pass ( 7-8) Bar 1.1
11 Inlet flow - HPP2 M3/hr 55 - 56
12 System Pressure RO 2 Bar 14-16
13 Inter stage pressure RO 2 Bar
14 Reject Pressure RO 2 Bar
15 Pressure drop 1st Pass(@12-13) Bar 1.1
16 Pressure drop second pass ( 12 -144) Bar 1.1
17 Product flow RO 4 M3/hr 41.7
18 Reject flow RO M3/hr 13.9
17 Product flow RO 2 M3/hr 41.7
18 Reject flow RO2 M3/hr 13.9
19 Cumulative flow RO 1 & RO 2 M3/hr
20 Blend flow, M3/hr 1-2
21 ProductyTDS! PPM 120 - 200
22 Product PH
Chemical Preparation UF system
Sno, )|Chemical dose Dosing tank Chemical % Water Chemical | Dose rate | solu. Consp Note
1 Pre chlorination dosing - 6LPH @ 6 Bar 200 Ltrs 12% 80 20 2 PPM 4.3 LPH |Dosing for 30 min every 4 hour and w
2 Dechlorination - SMBS - 10 LPH @ 6 Bar 200 Ltrs 63% 85 10 4 PPM 6.15 LPH [10% solution
3 Antiscalant - 6LPH @ 6 Bar 200 Ltrs 100% 90 10 4 PPM 2.2 LPH  [15% solution
4 Post PH correction - 6LPH @ 6 Bar 200 Ltrs 50% 90 10 5 PPM 4.17 LPH _|as per dose rate
5 Post Chlorination - - 6LPH @ 6 Bar 200 Ltrs 12% 95 5 0.5 PPM 3.77 LPH _|as per dose rate
Note
1 Dosing pump 1st set will work if RO 1 is working
2 Dosing pump 2nd pump will work if RO 2 is working
3 Both dosing pump will be on if both RO 1 and RO operational

CONSULTANT REPRESENTATIVE
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Chapter —4

Safety and Environmental
Considerations
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4.1 Health and Safety Guidelines

Ensuring health and safety in the operation and maintenance of a reverse osmosis
(RO) system is of utmost importance. Here are some guidelines to promote a safe
working environment:

Personal Protective Equipment (PPE):

Provide and enforce the use of appropriate PPE for all personnel invelvedsin RO
system operation and maintenance. This may include safety goggtes, gloves,
protective clothing, and respiratory protection, depending“on thesspecific tasks and
potential hazards.

Hazard Identification and Risk Assessment:

Conduct a comprehensive hazard identification, and risk assessment of the RO system
and its surrounding area. Identify potentiakhazards such as electrical hazards,
chemical exposure, high-pressure systems,*and confined spaces. Develop appropriate
control measures to mitigate risks and=regularly review and update them as
necessary.

Chemical Handling, and Storage:

Follow properprocedures for the handling, storage, and disposal of chemicals used
in the RO system,"such as cleaning agents and water treatment chemicals. Ensure
that appropriaté storage facilities, such as chemical cabinets or designated areas, are
in plaee)and label all chemical containers clearly.

Emergency Response Plan:

Develop and implement an emergency response plan specific to the RO system. This
plan should include procedures for addressing incidents such as chemical spills,
equipment malfunctions, and personnel injuries. Conduct regular drills and training
sessions to ensure all personnel are familiar with emergency protocols.
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Lockout/Tagout Procedures:

Establish lockout/tagout procedures to ensure the isolation of energy sources before
performing maintenance or repair work on the RO system. This helps prevent
accidental startup or release of stored energy, protecting personnel from potential
injuries.

Ventilation and Air Quality:

Ensure proper ventilation in the RO system area to prevent the accumulation of
hazardous fumes or gases. Monitor and maintain air quality to comply with relevant
occupational health and safety standards.

Training and Competence:

Provide comprehensive training to all personnel involved in the operation and
maintenance of the RO system. Ensure they havé the mecessary knowledge and skills
to safely perform their tasks. Regularly assess theircompetence and provide
refresher training as needed.

Compliance with Regulations:

Stay up-to-date with local, regionalnand national regulations related to health and
safety. Comply with all applicable”laws, codes, and standards to maintain a safe
working environmept:

Incident Réporting and Investigation:

Establish a,system for reporting and investigating incidents, near-misses, and safety
conceins related to the RO system. Encourage open communication and a culture of
reporting, learning, and continuous improvement.

Regular Maintenance and Inspections: Implement a proactive maintenance
program to identify and address any potential safety hazards. Regularly inspect and
test safety devices, alarms, and emergency shutdown systems to ensure they are
functioning properly.
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By implementing these health and safety guidelines, you can create a safe working
environment and minimize the risk of accidents, injuries, and potential health hazards
associated with the operation and maintenance of the RO system.

4.2 Environmental Protection Measures

In addition to ensuring the safe operation of a reverse osmosis (RO) system, it is
essential to implement measures to protect the environment. Here are some
guidelines for environmental protection:

Water Conservation:

Implement water conservation practices to minimizesthe ‘everall water consumption
of the RO system. This may include optimizing the system design for maximum water
recovery, reducing wastewater generation through brine recycling or reclamation,
and promoting water-efficient processes within the*facility.

Chemical Handling and Disposal:

Properly handle and disposefofichemicals used in the RO system to prevent
contamination of water bodie$\or soil. Follow applicable regulations and best
practices for chemicalstorade, use, and disposal. Consider using environmentally
friendly chemicals whenever possible.

Wastewater Treatment:

Develop a wastewater treatment plan to effectively treat and dispose of the RO
system's reject stream (brine). Ensure compliance with local regulations for
Wastewater discharge and explore options for brine treatment and resource recovery
to\minimize environmental impact.

Energy Efficiency:

Optimize the energy efficiency of the RO system to reduce greenhouse gas emissions
and conserve energy resources. This may involve using energy recovery devices,
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optimizing operating pressures and flow rates, and employing energy-efficient
equipment and control strategies.

Monitoring and Reporting:

Implement a robust monitoring and reporting system to track environmental
performance indicators such as water usage, energy consumption, and wastewater
discharge. Regularly review and analyze the data to identify opportunities for
improvement and ensure compliance with environmental regulations.

Environmental Impact Assessments:

Conduct comprehensive environmental impact assessments beferejinstalling or
expanding RO systems. Assess the potential environmeptal impaets associated with
the system's operation, including water sourcing, diseharge, emergy consumption,
and chemical usage. Mitigate any identified adversesimpacts through appropriate
measures.

Stakeholder Engagement:

Engage with relevant stakeholdefs, suchyas local communities, regulatory bodies, and
environmental organizations{ toxfoster transparency and gather feedback on
environmental performance. Encourage dialogue and collaboration to address
concerns and implement sustainable practices.

Continuous Improvement:

Foster asculture of continuous improvement by regularly evaluating the
enviconmental performance of the RO system. Set targets and goals for
efvironmental sustainability, track progress, and implement initiatives to minimize
the system's environmental footprint.

By incorporating these environmental protection measures into the design,
operation, and maintenance of the RO system, you can minimize the system's
environmental impact and contribute to sustainable water management practices.
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4.3 Emergency Procedures

It is important to establish clear and effective emergency procedures for a reverse
osmosis (RO) system to ensure the safety of personnel, protect the equipment, and
mitigate potential risks. Here are some key considerations for emergency procedures:

Emergency Contacts:

Maintain a list of emergency contact numbers for relevant personnelgingluding
system operators, maintenance staff, and emergency response authorities, Ensure
that this list is readily accessible and regularly updated.

Emergency Shutdown:

Clearly define the steps for an emergency shutdéwn, of the RO system. This may
include activating emergency stop buttons, shutting off power supply, and closing
isolation valves. Train personnel on these precedures to ensure prompt and efficient
response during an emergency.

Hazardous Situations:

|dentify potential hazardous situations that may arise, such as chemical spills,
equipment malfunctiensyor leaks. Develop specific procedures for addressing these
situations, including,proper containment, isolation, and evacuation if necessary.
Provide training to,petsonnel on handling such incidents safely.

Evacuation\Plan:

Establishhan evacuation plan that outlines evacuation routes, assembly points, and
procedures for personnel evacuation in case of a major emergency or hazardous
eyent. Conduct regular drills to ensure that all personnel are familiar with the
evacuation procedures and assembly points.

Communication Protocol:

Establish a clear communication protocol during emergencies. Designate a central
point of contact or incident commander who will coordinate communication and
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provide updates to relevant personnel and authorities. Ensure that communication
devices are readily available and in working order.

First Aid and Medical Assistance:

Provide adequate first aid supplies and ensure that trained personnel are available to
administer first aid in case of injuries or medical emergencies. Establish proceduses
for summoning medical assistance and provide information on nearby medical
facilities.

Incident Reporting:

Implement a system for reporting and documenting all incidents,and emergencies.
This will help in conducting thorough investigations, identifyinhg, root causes, and
implementing corrective measures to prevent similanincidents in the future.

Training and Awareness:

Conduct regular training sessions andedrills t0 ensure that all personnel are familiar
with the emergency procedures and*pretecols. Promote awareness of potential
hazards, safe practices, and emefgency response measures.

It is crucial to review and update the emergency procedures periodically to account
for any changes in équipment, processes, or regulations. Regular training and
communication with“personnel are key to maintaining preparedness and ensuring a
prompt and effectivesresponse during emergencies.
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5.1 Routine Maintenance Tasks

Regular maintenance is essential for the optimal performance and longevity of a
reverse osmosis (RO) system. Here are some routine maintenance tasks that should
be performed:

Critical
Task F P Tools/D
as requency rocedure Checks ools/Dacs
« Leaks (fluid
trails/ponding)
Visual . » Walk entire s.k|.d « Corrosion on Flashlight,
. Daily * Check seals, joints, wetted parts .
Inspection . Mirror
housings « Membrane
vessél
alignment
« AR >15%
* Perform CIP per baseline
Membrane As OEM specs » Permeate CIP log, OEM
Cleaning needed* * Record chémical flow 110% manual
concentrations/temps | * Conductivity
110%
« AP >15 psi
Filter 15 _ 45 * Bypass system across Pressure
Reblacement davs * Vent pressure housing gauge, Spare
P Y * Replace cartridges « Visual debris | filters
in filter media
* Record feed, ) Eeed P <
min (1 bar) .
concentrate, Calibrated
Pressure Hourly bermeate pressures « Staged AP gauges
Monitoring (log) « Verify against NDP >15.p5| Trend logs
* Reject valve
targets o
position
» Recovery
 Measure feed, rate deviation :
Flow Rate e Ultrasonic
. Shift-wise permeate, >5%
Tracking flow meter
concentrate flows * Flow
asymmetry
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Critical

Task F P Tools/D
as requency rocedure Checks ools/Docs
between
stages
* Lubricate bearings * Vibration .
>4.5 mm/sec Vibe meter,
Pump (NLGI #3)
. Monthly « Temperature | IR
Maintenance » Check motor amps .
* Inspect dampeners >70°C PO
P P * Seal leaks
 Stem
leakage
. le all val T
Valve/Fitting Cycle all valves « Actuator orque
. Quarterly « Torque check flange . wrench, Leak
Audit responseé time
bolts 7\ detector
»Cavitation
sounds
* Pressure
« Calibrate against gauges 2% o
. . I
Instrument Three master_instruments « Conductivity Calibration
. . . : certs,
Calibration month « Verify transmitter +3% .
Multimeter
outputs * Flow meters
+5%
* Flush with RO * Conductivity :
PodE: permeate <1.5x feed Timer,
Flushi . t tivit
System Flushing shutdown * 15-30 mins at low water Conductivity
* No air meter
pressure
pockets
* Membrane
f
* Log all parameters E)reernggmance CMMS
Digital Record . in CMMS 3 software,
. Continuous . » Cost/m
Keeping « Attach maintenance : Cloud
analysis
reports backup
* Spare parts
inventory

*Cleaning frequency: 3-6 months typical; **Prefilter replacement: SDI>5 triggers

immediate change

Page 50 of 92




Critical Maintenance Standards

1. Membrane Care:

o Max cleaning temp: 45°C (113°F)
o pH range during cleaning: 2-11 (TFC membranes)
o Residual chlorine tolerance: <0.1 ppm

- N\
2. Pump Specifications:

- U \\
o Alignment tolerance: <0.05 mm/m
o Bearing vibration limit: 2.8 mm/sec RMS
< N )
3. Calibration Tolerances:
N

Instrument Acceptable Deviation

Pressure Transmitter  +0.5% FS ®\

Conductivity Meter ~ +1% of reading (\%

Flow Sensor +2% of rate

Safety-Enhanced Procedures

N
e Chemical Handling:

[»] PPE requirement: Face shield, nitrile gloves, apron during CIP
[»] Neutralization protocol for spent cleaning solutions
o Energy Isolation:
[»] LOTO (Lockout-Tagout) before servicing pressurized components

Confined Space Entry:

(§ [»] Permit required for vessel internal inspection

2. Maintenance KPIs & Tracking
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Metric Target Corrective Action
II;Aai?brane Replacement <15%/year Review pretreatment efficacy
Unplanned Downtime <2% Implement predictive maintenance
: +5% Optimize recovery rate & ERD
Energy Variance .
baseline performance
Labor Cost/1000m?* $8-12 Automate logging/alert systems

Proven Results: Plants following this protocol achieve >90% membrane lifespan

utilization and 18-25% lower OPEX versus reactive maintenance approaches. Always

reference OEM manuals for equipment-specific tolerances.

5.2 Membrane Cleaning Procedures

Regular cleaning of the reverse osnosis,(RO)'membranes is crucial to maintain their
performance and extend their liféspan. Here are the steps involved in membrane

cleaning:

Preparing for Cleahing:

e Gather the'necessary cleaning chemicals, such as RO membrane cleaners, as

reconmended by the membrane manufacturer.

e FEhsure you have the appropriate personal protective equipment (PPE),

in¢luding gloves, goggles, and aprons, to protect yourself during the cleaning

process.

o\ Prepare a cleaning solution by following the manufacturer's instructions and

guidelines for the specific membrane cleaner being used.

System Preparation:

e Shut down the RO system and close all relevant valves to isolate the

membranes.

e Relieve pressure from the system by opening the pressure relief valve or

venting excess pressure.
e Open the system drain and allow the water to drain out completely.
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Membrane Cleaning Procedure:

e Prepare a cleaning solution by diluting the membrane cleaner with clean
water, following the recommended concentration and temperature guidelines
provided by the manufacturer.

e Fill a clean container or cleaning tank with the prepared cleaning solution.

e Place the membranes into the cleaning tank, ensuring they are fully
submerged in the solution.

o Allow the membranes to soak in the cleaning solution for the regemmendéd
contact time, typically ranging from 30 minutes to a few hourgs

e During the soaking period, agitate the membranes gently t@ enhance the
cleaning action. This can be done by stirring the solutiafi"or using a low-
pressure air or water flow.

Rinse and Flush:

e After the desired contact time, carefully remove the membranes from the
cleaning solution.

¢ Rinse the membranes thoroughlywithiclean water to remove any residual
cleaning solution and loosened deposits.

e Flush the system with cleanywaterto remove any remaining cleaning solution
and debiris.

e Open the system valves'gradually to restore normal flow and pressure.

e Monitor the system for any changes in performance or pressure drop, and
conduct any, necessary adjustments or additional cleaning cycles if required.

Post-Cleaning Testing and Evaluation:

&\ ‘Qncexthe cleaning process is complete, conduct performance testing on the
RO'system to ensure it is operating within the desired parameters.

o\, Measure key performance indicators such as permeate flow rate, salt rejection,
and pressure differentials to assess the effectiveness of the cleaning
procedure.

e Document the cleaning process, including the cleaning chemicals used,
duration, and results obtained, for future reference and analysis.

It is essential to follow the membrane manufacturer's guidelines and
recommendations for cleaning procedures specific to your RO membranes. Each
membrane type and model may have specific requirements for cleaning agents,
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concentrations, temperatures, and contact times. Proper cleaning and maintenance
will help maintain the efficiency and longevity of the RO membranes and ensure

consistent water quality.

5.3 Equipment Inspection and Preventive Maintenance

3. Preventive Maintenance Schedule - RO System

Color Key:

() Daily | ©) Weekly | ©) Monthly | @) Quarterly |

PREVENTIVE MAINTENANCE SCHEDULE'- RO System

Semi-Annual | @) Annual

Activities

Daily

Weekly [Monthly

Other

Basket Strainer - If applicable

Basket screen operation

Check for thejdeakages Q)
Cheek'maximdm flow during the day Q)
Check auto sampler collecting samples Q)

Check all the instruments are operational

Feed Water Tank
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Check for any leakages around the tank

Check feed water tank is always full

Check all the instruments are
operational- level gauge / level
transmitter / auto level controller

Check the status of tank, valves and
piping

Visual inspection
to see if any
accimulation of
solids or bacteria

Feed Water Pump - MMF

Changeover of duty standby pumps

Check for the leakages in pipe and valves

Check all the instruments are opetational

Check amp taken by the pumps

Multi Media Filtetrs

Check operationof the'Filters

Check fontheleakages

Check maximum flow during the day

Check all the instruments are
operational- pressure gauge/ diff pr
switch

Check the backwash operation and
collect a backwash water sample for
proper operation

Check the solids

present and type
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of trapped
particles

Check the sample of treated water

Check if solids
present

Check motorized valves for proper
operation

Check motox
current

Intermediate water tank

Check for any leakages around the tank

Check all the instruments are
operational- level gauge / level
transmitter

Check any Media carryover to theank

Check the status ofstank, valves and
piping

Visual inspection
to see if any

accumulation of
solids or bacteria

MMF Backwash pump

Changeover of duty standby pumps

Check for the leakages in pipe and valves

Check all the instruments are operational

Check amp taken by the pumps
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RO Feed Pumps

Changeover of duty standby pumps

Check for the leakages in pipe and valves

Check all the instruments are operational
— Pressure gauge, pressure transmitter

Check amp taken by the pumps

Cartridge Filters

Check operation of the Filters

Check all the instruments are operational

Check pressure drop across cartridge
filter

Check the sample of CF outlet water

Dosing pumps - dichlorination / acid /
antiscalant/ post PH correction / post
chlorination

Changeover of dutynstandby pumps

Checekforthedeakages in pipe and valves

Checkialhthe instruments are operational
~ Pressure gauge, pressure transmitter

Check amp taken by the pumps

RO systems

Check for the maximum flow operation
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Check for any leakage in RO system and
piping

Check for system and reject pressure

10% increase is a
warning sign

Check pressure drop across membranes
and ensure it is within limit

Max pressure
drop <1.5 Bar

Check the turbidity of Feed water

O] ©

Check variation on Raw water quality
during the last week

check via‘turbidity
meterinstalled in
feed water stream

Initiate dosing pumps and dosing
chemicals are as per the
recommendation and design

Initiate MMF Backwash flow manually
and ensure proper backwash flow, and
air flow during operation

Review the following trends

e Feed water TDS

e Feed water turbidity

e System pressure

e Reject pressure

e TMP trends of all streams

e Product flow by ‘each stream
e Reject flow

e Product.TDS

e Feed water'temperature

Treated / Product Water Tank

Check for any leakages around the tank

Check backwash tank is always full

Check all the instruments are
operational- level gauge / level
transmitter / auto level controller
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Visual inspection

to see if any
Check the status of tank, valves and accumulation of
piping solids or bacteria

Reject Water Tank

Check for any leakages around the tank Q)

Reject train is

Check reject water tank is less then half desighed for
level 7 gravity drain
Visual inspection
to see if any
Check the status of tank, valves and accumulation of
piping solids or bacteria

Reject water pumps

Changeover of duty standby pumps D)

Check for the leakages in pipe.and valves| ()

Check all the instrumerits are operational Q)

Check amp taken bysthe pumps

Drain Pumps =plant room

Changeover of duty standby pumps Q)

Check for the leakages in pipe and valves| ()

Check all the instruments are operational
— Pressure gauge, pressure transmitter @

Check amp taken by the pumps
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Maintenance schedule for every 3 months

@

Activities

Remarks

Basket Strainer ©)

Basket strainer Visual inspection for
any damage or corrosion

Verify tightness of nut, flanges and
clamps

Measure and Record Pressure drop
across each strainer

Check functionality and monitor
system flow rate and pressure

Pre-treatment Feed Punip’?)

Visual ingpection: €heck for any
signs,of leaks, Vibrations, or unusual
naise:

Checkvahd tighten all fasteners and
couplings

Verify proper alignment of the pump
and motor.

Measure and record the pump's
operating parameters, including flow
rate and pressure.

Multi Media Filters ©)
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Visual inspection: Check for any
signs of leaks, cracks, or damage on
the multimedia filter vessel.

Inspect and clean the filter media
bed, removing any accumulated
sediment or debris. — Manual
backwash — double backwash

Verify the operation of control valves
and signals to the PLC

Check all the instruments are
operational- pressure gauge, flow
transmitter - MMF outlet, flow
transmitter — backwash and diff pr
switch

MMF Backwash pump ©)

Visual inspection: Check for any
signs of leaks, vibrations, or unusual
noise.

Check and tighten all fasteners and
couplings

Verify proper alignment ofithe pump
and motor.

Measure and“record the pump's
operating patameters, including flow
rate @nhd pressure.

MMF treated water tank/ UF Feed
waterJTank?)

Visual inspection: Check for any
signs of leaks, cracks, or damage on
the GRP sectional tank panels

Verify the operation of tank
accessories, such as level indicators
and drain valves
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Check all the instruments are
operational- level gauge / level
transmitter / auto level controller

Backwash Water Tank ©)

Visual inspection: Check for any
signs of leaks, cracks, or damage on
the GRP sectional tank panels

Verify the operation of tank
accessories, such as level indicators
and drain valves

Check all the instruments are
operational- level gauge / level
transmitter / auto level controller

Reject Water Tank ©)

Visual inspection: Check for any
signs of leaks, cracks, or damage on
the GRP sectional tank panels

Verify the operation of gank
accessories, such as levelindicators
and drain valves

Check all the.instrtuments are
operatiopals, level\gauge / level
transmitter / auto level controller

UFFeed Pumps ©)

Visual inspection: Check for any
signs of leaks, vibrations, or unusual
noise.

Check and tighten all fasteners and
couplings

Verify proper alignment of the pump
and motor.
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Measure and record the pump's
operating parameters, including flow
rate and pressure.

UF Backwash Pumps ©)

Visual inspection: Check for any
signs of leaks, vibrations, or unusual
noise.

Check and tighten all fasteners and
couplings

Verify proper alignment of the pump
and motor.

Measure and record the pump's
operating parameters, including flow
rate and pressure.

Self-Cleaning Filters?)

Visual inspection: Check for any signs
of leaks, cracks, or damage on the
self-cleaning filter housing.

Inspect and clean the filter screen, or
element, removing any accumulated
debris or sediment.

Verify the operation of the self-
cleaning mechanism, such as
backflushing o rotating arms.

Measure ‘and record the pressure
dropacross ‘the filter.

%sing pumps — MC ( UF system)

Visual inspection: Check for any
signs of leaks, cracks, or damage on
the dosing pump housing.

Inspect and clean the pump head,
valves, and tubing, removing any
accumulated residue or debiris.
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Check all the instruments are
operational — Pressure gauge,
pressure transmitter

Verify the operation of the dosing
pump, ensuring smooth and
consistent dosing. Verify flow rate of
each dosing pumps

UF systems )

Visual inspection: Check for any signs
of leaks, cracks, or damage on the UF
system components, including the
membrane modules, pressure
vessels, and piping

Check TMP and ensure it is within

limit Max TMP*<1 Bar
Check the turbidity of Feed and Max feed, turbidity <10 and treated water
treated water <«].0

Check for maximum flow operation
each stream

Check variation on Raw water‘quality
during the last week check via WQA installed in feed water stream

Check TMP, product flow,"product
water quality, feed water quality
trends

Initiate MC manually on each UF
stream and\_ensure dosing chemicals
aré\appearing during end of MC and
drainingsCycle

[nitiate Backwash flow manually and
ensure proper backwash flow, and
air flow during operation

Review the following trends

e Feed water TDS

e Feed water turbidity

e Treated water turbidity

e TMP trends of all streams
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e Maximum flow by each stream

Treated Water Tank )

Visual inspection: Check for any
signs of leaks, cracks, or damage on
the GRP sectional tank panels

Verify the operation of tank
accessories, such as level indicators
and drain valves

Check all the instruments are
operational- level gauge / level
transmitter / auto level controller

Booster Pumps - Clo2 system

Visual inspection: Check for any
signs of leaks, vibrations, or unusual
noise.

Check and tighten all fastenefs and
couplings

Verify proper alignment,of the,pump
and motor.

Measure and r€cordithe pump's
operating parameters, including flow
rate and(pressure.

Maintenance schedule for every 6 months

Activities

Other

Basket Strainer
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Clean the basket and strainer housing to
remove debris, scale, or fouling

Check and replace gaskets or O-rings, if
necessary.

Inspect the drain valve or plug and
replace if needed.

Pre-treatment Feed Pump

Inspect and clean the pump suction and
discharge pipes

Inspect the motor and pump alignment.

Perform a comprehensive performance
test to ensure efficiency

Multi Media Filters

Conduct a thorough inspection ‘efthe
filter vessel, including gaskets and air
release valves.

Inspect and clean thejbackwash system,
including the backwash pump and valves

Inspect apd replace any worn or
damaged O-rings, gaskets, or seals.

Perfarm a backwash cycle to remove
aceumulated solids and optimize
filtration efficiency.

MMF Backwash pump

Inspect and clean the pump suction and
discharge pipes
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Inspect the motor and pump alignment.

Perform a comprehensive performance
test to ensure efficiency

MMF treated water tank/ UF Feed
water Tank

Conduct a thorough inspection of the
tank interior, including panels and baffles

Check all the instruments are
operational- level gauge / level
transmitter

Check and replace any damaged or worn
tank gaskets and seals

Conduct a tank cleaning or disinfection

Visual inspection to see if any accumulation
of solids\or bacteria

Backwash Water Tank

Conduct a thorough inspection of the
tank interior, including panels @and baffles

Check all the instruments are
operational- level gauge / level
transmitter

Check and replace anjndamaged or worn
tank gaskets and Seals

Conduct axtank cleaning or disinfection

Visual inspection to see if any accumulation
of solids or bacteria

Reject Water Tank

Conduct a thorough inspection of the

tank interior, including panels and baffles

Check all the instruments are
operational- level gauge / level
transmitter
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Check and replace any damaged or worn
tank gaskets and seals

Conduct a tank cleaning or disinfection

Visual inspection to see if any accumulation
of solids or bacteria

UF Feed Pumps

Inspect and clean the pump suction and
discharge pipes

Inspect the motor and pump alignment.

Perform a comprehensive performance
test to ensure efficiency

UF Backwash Pumps

Inspect and clean the pump suction and
discharge pipes

Inspect the motor and pump alignment.

Perform a comprehensive performance
test to ensure efficiency

Self-Cleaning Filters

Conduct a thorough inspectionof.the
filter housing and internal cemponents

Inspect and replace any darmaged or
worn seals, gaskets, or Oxrings.

Inspect and cleanthe'filter screen or
element, removing any accumulated
debris or sediment.

Dosing 'punips — MC ( UF system)

Cehduct a thorough inspection of the
dosing pump motor and drive
components.

Inspect and clean the suction and
discharge lines, checking for any
blockages or obstructions
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Check all the instruments are operational
— Pressure gauge, pressure transmitter

Test the dosing pump for accuracy and
consistency, comparing the dosing rate
with set parameters

UF systems

Check for the maximum flow operation

Check for any leakage in UF system and
piping

Check TMP and ensure it is within limit

Max TMP <1.Bar

Check the turbidity of Feed and treated
water

Max feed turbidity <10 and treated water
<1.0

Check for maximum flow operation each
stream

Check variation on Raw water qualit}:
during the last week

check via WQA installed in feed water stream

Check TMP, product flow, pfoduét water
quality, feed water quality trends

Initiate MC manually*en,each UF stream
and ensure dosing‘chemicals are
appearing during end ‘'of MC and
draining cycle

Initiate"Backwash flow manually and
ensure proper backwash flow, and air
flew\during operation

Review the following trends

e Feed water TDS

e Feed water turbidity

e Treated water turbidity

e TMP trends of all streams

e Maximum flow by each stream
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Treated Water Tank

Conduct a thorough inspection of the
tank interior, including panels and baffles

Check all the instruments are
operational- level gauge / level
transmitter

Check and replace any damaged or worn
tank gaskets and seals

Visual inspection to se€ if afty a€cumulation
Conduct a tank cleaning or disinfection |of solids or bacteria

Maintenance schedule for every 1 year ©)

Activities Other

Basket Strainer ©)

Conduct a detailed inspection of all
components, including’seals,
screens, and fasteners.

LubriCate mayving parts, such as
handles,or valves.

Check the functionality and
calibration record of all instruments

Pre-treatment Feed Pump 9)
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Perform an extensive inspection of
the pump internals, including
impeller, shaft, and wear rings.

Inspect and test the pump's
mechanical seals.

Grease or replace bearings as per
manufacturer's recommendations.

Check operation and calibration of
all instruments including pressure
gauges and transmitters

Conduct a complete overhaul of the
pump if required

Multi Media Filters ©)

Disassemble the multimedia filter
vessel for a detailed inspection

Perform a complete filter media
replacement or regeneration, as
recommended by the manufacturer

Conduct a performance'testto
ensure proper filtration efficiency.

Check calibration.of all the
instruments.are operational-
pressure gaugek flow transmitter and
diff pr switch

MMF Backwash pump ©)

Perform an extensive inspection of
the pump internals, including
impeller, shaft, and wear rings.

Inspect and test the pump's
mechanical seals.

Grease or replace bearings as per
manufacturer's recommendations.
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Check operation and calibration of
all instruments including pressure
gauges and transmitters

Conduct a complete overhaul of the
pump if required

MMF treated water tank/ UF Feed
water Tank®)

Perform an extensive inspection of
all tank panels, checking for any
signs of degradation or delamination

Check calibration of instruments
level gauge / level transmitter

Conduct a comprehensive water
quality analysis, including testing for
bacteria and contaminants

Backwash Water Tank ©)

Perform an extensive inspectionsef
all tank panels, checking.for any
signs of degradation oridelamination

Check calibration of instruments
level gauge / l€vel transmitter

Conducta comprehensive water
quality analysisincluding testing for
bacteria andContaminants

Reject Water Tank ¢

Perform an extensive inspection of
all tank panels, checking for any
signs of degradation or delamination

Check calibration of instruments
level gauge / level transmitter
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Conduct a comprehensive water
quality analysis, including testing for
bacteria and contaminants

UF Feed Pumps ©)

Perform an extensive inspection of
the pump internals, including
impeller, shaft, and wear rings.

Inspect and test the pump's
mechanical seals.

Grease or replace bearings as per
manufacturer's recommendations.

Check operation and calibration of
all instruments including pressure
gauges and transmitters

Conduct a complete overhaul of the
pump if required

UF Backwash Pumps ©)

Perform an extensive inspectiomof
the pump internals, including
impeller, shaft, and wear rings.

Inspect and test the pump's
mechanical seals.

Grease or replace bearings as per
manufacturer's recommendations.

Check operation and calibration of
allinstftuments including pressure
gaugessand transmitters

Conduct a complete overhaul of the
pump if required

Self-Cleaning Filters)

Disassemble the self-cleaning filter
housing for a detailed inspection

Clean or replace the filter element or
screen, if necessary
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Inspect and clean the internal filter
surfaces, removing any stubborn
deposits

Check automatic operation and
feedback of SCF

Check for presence of solids

Calibration of diff pr switch and
pressure gauges

Check motor current

I;%Zsing pumps - MC ( UF system)

Clean or replace the pump head
components, including diaphragms
and check valves.

Inspect and clean the pump motor,
checking for proper lubrication and
cooling

Check all the instruments are
operational — Pressure gauge,
pressure transmitter

Perform a comprehensivealibration
of the dosing pump, enstring
accurate dosing rates.

UF systems ),

Check,forithe maximum flow
operation

Check for any leakage in UF system
and piping

Check TMP and ensure it is within
limit

Max TMP <1 Bar

Check the turbidity of Feed and
treated water

<1.0

Max feed turbidity <10 and treated water

Check for maximum flow operation
each stream
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Check variation on Raw water quality
during the last week check via WQA installed in feed water stream

Check TMP, product flow, product
water quality, feed water quality
trends

Initiate MC manually on each UF
stream and ensure dosing chemicals
are appearing during end of MC and
draining cycle

Initiate Backwash flow manually and
ensure proper backwash flow, and
air flow during operation

Review the following trends

e Feed water TDS

e Feed water turbidity

e Treated water turbidity

e TMP trends of all streams

e Maximum flow by each stream

Treated Water Tank ©)

Perform an extensive inspection of
all tank panelsgehecking for any
signs of degradation or delamination

Check calibratien of instruments
level'gauge 7level transmitter

Conducha comprehensive water
guality analysis, including testing for
bacteria and contaminants

5.4 Handling and Storage of Chemicals
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Proper handling and storage of chemicals used in the reverse osmosis (RO) system
are essential to ensure safety and maintain the effectiveness of the chemicals. Here
are some guidelines for handling and storing chemicals:

Personal Protective Equipment (PPE):

Wear appropriate personal protective equipment (PPE) when handling chemicals.
This may include gloves, safety goggles, lab coats, and respiratory protection,
depending on the nature of the chemicals being used.

Read Safety Data Sheets (SDS):

Familiarize yourself with the Safety Data Sheets (SDS) provided by the chemical
manufacturer. SDS provides important information about the hazards,“handling
precautions, first aid measures, and storage requirements for gaeh chemical.

Proper Ventilation:

Ensure adequate ventilation in the area where chemicals ‘are handled and stored to
minimize exposure to fumes or vapors. If necessary, ‘UseéNocal exhaust ventilation or
work in a well-ventilated area.

Chemical Compatibility:

Pay attention to the compatibility of different'chemicals. Store chemicals separately
to prevent any accidental mixing thatsmay cause chemical reactions or hazardous
situations.

Storage Area:

e Designateia wellsventilated and secure storage area specifically for chemical
storage\The'area should be dry, cool, and away from direct sunlight or heat
sources.

e (Use.appropriate storage containers, such as chemical-resistant containers,
dfums, or cabinets, to store chemicals safely.

o “Clearly label all containers with the name of the chemical, hazard warnings,
and handling instructions.

e Store chemicals at the recommended temperature range and away from
incompatible materials, such as flammables or oxidizers.

Spill Response:

Have spill response kits and absorbent materials readily available in case of
accidental spills or leaks.

Page 76 of 92



In the event of a chemical spill, follow the spill response procedures outlined in the
chemical manufacturer's SDS and promptly clean up and dispose of the spilled
material properly.

Chemical Disposal:

Follow local regulations and guidelines for the proper disposal of chemicals,
including empty containers. Do not dispose of chemicals down drains or into(the
environment.

Training and Education:

Provide training to personnel involved in handling and storing, chemicals, ensuring
they are aware of the potential hazards, safe handling precedures, and emergency
response protocols.

Regularly review and update your chemical invefatoryndispose of expired or unused
chemicals safely, and maintain proper documentation of chemical handling and
storage procedures.

By following these guidelines, youcan ensure the safe handling and storage of
chemicals used in the RO system, minimizing risks and promoting a safe working
environment.
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Chapter=6
Water Quality Monitering and Analysis
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6.1 Sampling and Testing Protocols

Sampling and testing protocols are essential for ensuring the proper functioning and
performance of a filtration system, including a gravity media filter. Here are some key
considerations for developing sampling and testing protocols:

Sampling frequency:

Determine how frequently water samples should be collected for testing. This_may
depend on factors such as the system's size, water quality regulations, and
operational requirements. It is typically recommended to conduct regular samplifg,
including daily, weekly, and monthly intervals.

Sample collection points:

|dentify the appropriate locations within the filtration systemto collect representative
water samples. This may include sampling from influght, effluent, and intermediate
points to assess the effectiveness of the filtratiod process:

Sample preservation and handling:

Follow proper protocols for sample preservation and handling to ensure the integrity
of the samples. This may includewusing=appropriate containers, avoiding cross-
contamination, and proper labelingtand documentation.

Testing parameters:

Determine the'parameters to be tested based on the specific goals and requirements
of the filtration system. This may include testing for physical parameters (such as
turbidity, eolorsand temperature), chemical parameters (such as pH, dissolved
oxygen,'and specific contaminants), and microbiological parameters (such as total
coliform‘and E. coli).

Testing methods:

Select appropriate testing methods for each parameter, ensuring they are accurate,
reliable, and comply with industry standards or regulatory guidelines. This may
involve using field test kits, laboratory analysis, or online monitoring equipment.
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Data analysis and interpretation:

Establish procedures for analyzing the test results and interpreting the data.
Compare the results against established standards or guidelines to assess the
system's performance, identify any deviations or issues, and take appropriate
corrective actions if needed.

Record keeping:

Maintain thorough documentation of all sampling and testing activities,ineluding
sample collection dates, locations, testing methods, results, and any actions taken.
This record-keeping helps track the system's performance over time and provides
valuable information for troubleshooting and system optimization.

It is crucial to consult relevant industry standards, regulatery requirements, and the
recommendations of equipment manufacturers for spegific guidance on sampling
and testing protocols for gravity media filters. These 'sources will provide detailed
instructions and best practices tailored to the'partictlar filtration system and water
quality objectives.

6.2 Key Water Quality.Parameters

Monitoring key water quality parameters is crucial to ensure efficient filtration and
maintain water_quality standards. Here are some key water quality parameters to
consider:

Turbidity:

Turbidity refers to the cloudiness or haziness of the water caused by suspended
particles. It is an essential parameter to monitor as high turbidity can indicate the
presence of particulate matter that may affect the filter's performance and overall
water quality.

Total Suspended Solids (TSS):
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TSS represents the total concentration of suspended solids in the water. Monitoring
TSS levels helps assess the effectiveness of the filtration system in removing
particulate matter.

pH:

pH is a measure of the acidity or alkalinity of the water. It is important to maintain an
appropriate pH range to ensure the stability of the filtration process and prevent
damage to the filter media.

Dissolved Oxygen (DO):

DO levels indicate the amount of oxygen dissolved in the waternManitoring DO is
important for assessing the water's oxygen content, whiech cahyaffect biological
processes within the filter system.

Chlorine Residual:

If the water source is chlorinated, monitoring(chtorine residual levels is necessary to
ensure that an adequate amount of'disinfectant is present to maintain water safety
and control microbial growth.

Temperature:

Water temperaturescan influence the performance of the filter media and the growth
of microorganisms, Menitoring temperature allows for adjustments to be made if
necessary 16 optimize filtration efficiency.

Specific Contaminants:

Depending on the water source and quality objectives, specific contaminants such as
iIron, manganese, arsenic, nitrates, or other chemicals may need to be monitored to
ensure compliance with regulatory standards.

Microbiological Parameters:
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Monitoring microbiological parameters such as total coliforms, E. coli, or
heterotrophic plate count (HPC) helps assess the presence of potentially harmful
microorganisms and the effectiveness of the filtration system in removing them.

It is important to establish appropriate sampling frequencies and testing methods for
each parameter based on regulatory requirements, water quality standards, and
system-specific considerations. Regular monitoring of these key water quality
parameters enables operators to make informed decisions, optimize system
performance, and maintain water safety and quality.

6.3 Interpretation of Test Results

Interpretation of test results plays a crucial role in understanding the performance of
filter system and assessing the quality of the treated, water. Here are some guidelines
for interpreting test results for key water quality parameters:

Turbidity:

The turbidity value indicates the'clarity=0f the water. Lower turbidity values typically
indicate better filtration efficiencys Ensure that the measured turbidity is within the
acceptable range set by, regulatory standards or project-specific requirements.

Total Suspended'Solids (TSS):

TSS levels reflect the concentration of suspended particles in the water. Lower TSS
valuesrindicateéffective filtration. Compare the measured TSS with regulatory limits
or project specifications to ensure compliance.

pH:

pH levels determine the acidity or alkalinity of the water. The acceptable pH range
depends on the specific application or regulatory requirements. Ensure that the
measured pH falls within the desired range for optimal system performance and
water quality.
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Dissolved Oxygen (DO):

DO levels indicate the amount of oxygen dissolved in the water. The ideal DO range
varies depending on the specific water source and its intended use. Assess the
measured DO levels to ensure they meet the desired range for maintaining biological
processes and preventing oxygen-related issues.

Chlorine Residual:

Chlorine residual levels indicate the effectiveness of disinfection and control of
microbial growth. Verify that the measured chlorine residual meets the required
standards or specifications for adequate disinfection and maintenancefof water
safety.

Specific Contaminants:

Interpretation of test results for specific contamihantsi\depends on their regulatory
limits or project-specific requirements. Compare the measured concentrations with
the appropriate standards to evaluate the effectiveness of filtration in removing these
contaminants.

Microbiological Parameters:

Results for microbiological parameters such as total coliforms, E. coli, or HPC should
be evaluated against=tegulatory limits or project-specific guidelines. Elevated levels
of these parameters,may indicate inadequate filtration or potential health risks.

When interpfeting test results, consider the established water quality standards,
regulatory requirements, and project-specific guidelines. Any deviations from the
desiredwalues should be thoroughly investigated and appropriate actions taken,
stuchhas'system adjustments, maintenance, or further treatment, to ensure the desired
water quality is achieved and maintained. Regular monitoring and interpretation of
tést results help identify trends, detect potential issues, and facilitate proactive
measures to optimize the performance of the gravity media filter system.

6.4 Water Quality Standards and Permissible Limits
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Water quality standards and permissible limits are set by regulatory bodies to ensure
the safety and suitability of water for various purposes. These standards define the
maximum allowable concentrations or levels of various contaminants and parameters
in the water. Here are some common water quality parameters and their permissible
limits:

Total Suspended Solids (TSS):

Permissible limits typically range from 10 to 30 mg/L, depending on the specific
application.

Turbidity:

Turbidity limits vary depending on the intended use of water.;kordrinking water, the
limit is often set below 1 NTU (Nephelometric Turbidity Unit).

pH:

The acceptable pH range for drinkingwater\is typically between 6.5 and 8.5,
although specific requirements may*vary.

Dissolved Oxygen (DO):

DO levels in surface water should generally exceed 5 mg/L for aquatic life support.

Chlorine Residual:

Chlorime, residual limits for drinking water disinfection range from 0.2 to 4.0 mg/L,
depending on the specific application and regulations.

Microbiological Parameters:

Common limits include zero presence of total coliforms and E. coli in drinking water
samples.

Specific Contaminants:
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Permissible limits for specific contaminants, such as heavy metals (e.g., lead, arsenic,
mercury), pesticides, nitrates, and organic compounds, vary widely and depend on
the intended use of water.

It's important to note that water quality standards and permissible limits can vary
between countries, regions, and specific applications. Local regulatory bodies, such
as the Environmental Protection Agency (EPA) in the United States or the World
Health Organization (WHO) internationally, provide comprehensive guidelines\and
regulations for water quality.

When interpreting water quality test results, compare the meastred cohcentrations

or levels of contaminants with the applicable water quality,standards or permissible

limits. If any parameter exceeds the established limits, appropriate actions should be
taken to address the issue, such as implementing additional treatment processes or

improving the filtration system.

6.4 Sample copy of the tesfreport
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Contact person Report no.: RR24-060030-1

Project

Project No. Job No.

Contract/LPO No. Sample No.

Project location Report Date

Test location Test Date

Sample description Sampled by

Sampling method Source of sample

Sampling location Sampling Cert. No

Sampling Date& Time On-site treatment

Received Date& Time Sample delivered by  :Client Representative

TEST RESULTS
Test Parameter Test Method Unit MoU MDL Result
Color APHA 2120 C 23rd Ed 2017 pt/Co - 5
Odour APHA 2150B; 23rd Ed 2017 TON - -
Turbidity APHA 2130B; 23rd Ed 2017 NTU 0.003 0.01
Taste APHA 2160B; 23rd Ed 2017 - -
pHat 25 °C AAPHA 4500 — H+B; 23rd Ed 2017 0.03 -
Electrical Conductivity at 25 °C AAPHA 2510; 23rd Ed 2017 uS/Cm 1915 0.5
Total Dissolved Solids at 180°C (TDS) AAPHA 2540C; 23rd Ed 2017 mg/L 1464 25
Chloride (Cl) AAPHA 4500- CI” B: 23rd Ed 2017 mg/L 652 25
Sulphate (SO4) AAPHA 4500-S04- C: 23rd Ed 201 mg/L 913 50
Calcium (Ca) AAPHA 3500Ca B; 23rd Ed 2017 mg/L 20.3 0.8
Calcium Hardness as CaCO3 AAPHA 3500Ca B: 23rd Ed 2017 mg/L 50.7 0.8
Magnesium (Mg) AAPHA 3500Mg B: 23rd Ed 2017 mg/L 36.1 0.1
Magnesium Hardness AAPHA 3500 Mg B. 23rd Edn. mg/L 148.5 0.1
Total Hardness as (CaCO3) AAPHA 2340C: 23rd Ed 2017 mg/L 178 2
Bicarbonate (HCO3) AAPHA 2320B: 23rd Ed 2017 mg/L 43 24
Ammonia (NH3) AHACH 8038/04/2017 Ed 9 mg/L - 0.05
Nitrate (NO3) HACH 8039/01/2019 Ed 10 mg/L 0.18 0.05
Fluoride (F) HACH 8029/08/2018 Ed 10 mg/L 0.03 0.05
Total Suspended Solids mg/L - 0.01
Chemical Oxygen Demand (COD) AAPHA 5220B: 23rd Ed 2017 mg/L 0.25 5
Biochemical Oxygen Demand (BOD) (5 AAPHA 5210B; 23rd Ed 2017 mg/L - 5
days @ 20 °C)
Sodium (Na) AAPHA 3120 B; 23rd Ed mg/L 603.5 0.1
Iron (Fe) AAPHA 3120 B; 23rd Ed mg/L - 0.02
Manganese (Mn) AAPHA 3120 B:23rd Ed mg/L - 0.01
Tested by Verified by
Test Method Variations :
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Chapter.-7

Record Keeping-and Documentation
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7.1 Logbook Entries and Documentation Requirements

Accurate and detailed logbook entries and documentation are essential for tracking
the operation, maintenance, and performance of a reverse osmosis (RO) system!
These records facilitate troubleshooting, ensure regulatory compliance, and suppert
system optimization. Below are the key documentation requirements:

o Operation Logbook:
o Date and time of system start-up and shutdown.
o Inlet and outlet pressure readings.
o Flow rate measurements for feed, permeate, @andi\concentrate streams.
o Feed water temperature and conductivitys
o Permeate water quality parameters (e.g, pHytotal dissolved solids
(TDS), conductivity).
o Alarms, abnormalities, or malfunctions‘observed.
o Chemical dosing records, including type, quantity, and timing of
chemicals added.
e Maintenance Logbook:
o Dates and details of foutine maintenance tasks (e.g., filter
replacements, mefmbrane ¢leaning).
o Records of repairsiornequipment replacements.
o Calibration logs fer instruments and sensors.
o Membrane cleaning records, including cleaning solutions and duration.
o Chandes\to system configuration or settings.
o Performance\Monitoring:
o Regular tracking of key performance indicators (KPIs) such as permeate
flow.rate, recovery rate, and salt rejection.
o “Dacumentation of performance trends or deviations.
ogResults of performance tests (e.g., membrane integrity tests, flux
measurements).
o\, ‘Chemical Usage and Inventory:
o Records of chemical inventory, including type, quantity, and receipt
date.
o Logs of chemical usage, including dosing rates and adjustments.
o Safety Data Sheets (SDS) for all chemicals, kept accessible for reference.
e Maintenance and Repair Reports:
o Detailed reports of maintenance or repair activities, including parts
replaced and adjustments made.
o Documentation of work performed by technicians or contractors.
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« Compliance and Regulatory Documentation:

o

Copies of permits, licenses, and regulatory approvals for RO system
operation.

Water quality test reports from certified laboratories, including dates,
parameters, and results.

Records of regulatory inspections or audits.

Maintaining accurate, up-to-date records is critical for troubleshooting, system
analysis, and compliance with environmental and water quality standards. Regular
review and organization of these records ensure the RO system's smooth operation
and long-term reliability.

7.2 Data Recording and Analysis

Effective data recording and analysis are vital for monitoring and optimizing the
performance of an RO system. These processes help-operators identify trends, detect
issues, and enhance system efficiency. Below are\key\considerations for data
recording and analysis:

« Data Collection:

o

Collect data from mafitoring, points, including feed water, permeate,
concentrate, presstre ‘gauges, flow meters, temperature sensors, and
conductivity meéters:

Ensure accuracy'by calibrating and maintaining monitoring equipment
per manufacturer guidelines.

Use ddtaoggers or automated systems for continuous, high-frequency
data recerding.

« Data Storage and Organization:

0}

Store/data in a centralized database or system for easy access and
management.

Implement backup and access control measures to ensure data
integrity and security.

Organize data by date, parameter, or location to facilitate analysis and
retrieval.

« Data Analysis:

o

Use statistical techniques to identify trends, patterns, or anomalies in
the data.

Compare data against expected performance indicators to evaluate
system efficiency.

Calculate key metrics such as salt rejection rate, recovery rate, and
energy consumption.
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o Visualize data using charts or graphs for clear interpretation.
o Employ data analysis tools or software to automate processing and
generate reports.
e Performance Evaluation and Optimization:
o Evaluate system performance using analysis results to identify
improvement opportunities.
o Monitor KPIs over time to assess the impact of operational or
maintenance changes.
o Implement corrective actions or optimization strategies to address
performance deviations and enhance efficiency.
e Reporting and Documentation:
o Prepare regular reports summarizing data analysis findingsxtrends, and
recommended actions.
o Document analysis methodologies, assumptions; and limitations for
transparency.
o Maintain historical records of analysis repeorts tostrack performance and
support decision-making.

Consistent data recording and analysis provide insights,into the RO system’s
performance, enabling operators to optimizé.efficiency, detect potential issues early,
and ensure reliable operation.

7.3 Compliance with-Regulatory Requirements

Compliance with regulatory requirements is crucial to ensure the operation of the RO
system aligns with applicable laws, regulations, and standards related to water
quality and treatmentsHere are some considerations for maintaining compliance:

Understand‘Applicable Regulations:

e\ Research and familiarize yourself with the specific regulatory requirements
relevant to the operation of the RO system in your region or jurisdiction.

e Identify the governing bodies responsible for enforcing these regulations,
such as environmental agencies or public health departments.

Water Quality Standards:

e Determine the water quality standards established by regulatory authorities
for parameters such as total dissolved solids (TDS), turbidity, pH, disinfection
byproducts, and other contaminants.
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e Ensure that the RO system consistently meets or surpasses these water quality
standards for both permeate water and concentrate.

Permissible Limits and Monitoring:

e Identify the permissible limits for various contaminants, such as heavy metals,
organic compounds, and microbiological contaminants, as specified by the
regulatory authorities.

e Develop a monitoring plan to regularly test and analyze the water samples
from the RO system to ensure compliance with the permissible limits.

e Maintain accurate records of the monitoring results as evidenee of
compliance.

Reporting and Documentation:

e Prepare and submit required reports and documentation to the regulatory
authorities in a timely manner.

e Document the operating procedures, maintefiance activities, and any changes
made to the RO system to demoristratéxcompliance and facilitate audits or

inspections.

Training and Education:

e Provide appropriate tfaining to the operators and personnel involved in the
operation of the RO,system on the relevant regulatory requirements.

e Stay updated amany changes or updates to the regulations and ensure that
the necessary=adjustments are made to maintain compliance.

PeriodiczAudits and Inspections:

o\ Participate in periodic audits or inspections conducted by regulatory
authorities to assess compliance.

e Address any non-compliance issues promptly and implement corrective
actions to rectify the identified deficiencies.

Compliance with regulatory requirements not only ensures the safety and quality of
the treated water but also helps maintain public health and protect the environment.
It is essential to stay informed about the applicable regulations and maintain diligent
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monitoring, reporting, and documentation practices to demonstrate ongoing
compliance with regulatory standards.
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