Water-Softening Based Scale Management in Water
Treatment Systems
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Background

* Scaling reduces system reliability

* CaCO;isthe mainissue
* Packed-bed enables controlled
precipitation

Problem statement

* Scaling - efficiency loss + fouling

* Need controlled removal &
retention

* Maintain stable operation

THE PROBLEM

SCALE FORMATION IN PIPELINES

Calcium carbonate (CaCO,) scale builds up on pipe walls,
reducing flow area and increasing pressure drop.

REDUCES
FLOW AREA

v

INCREASES
PRESSURE DROP

LEADS TO HIGHER
ENERGY CONSUMPTION

INCREASES MAINTENANCE
AND DOWNTIME

UNCONTROLLED SCALING CAUSES HIGHER COST,
LOWER EFFICIENCY, AND RELIABILITY ISSUES.

Coach: Dr.Umer Zahid

SPECIFICATIONS

2 0.2 g CaCO; per run

2= 70% solids retention in packed media
Turbulent flow (Re > 4000)

Velocity: 0.5-2.0 m/s

Pressure: 5-30 bar

Dashboard with 3 scenarios (Worst / Base / Optimized)

Includes success, control, and feasibility analysis

CONSTRAINTS

Fixed solution volume =2 3 L
Bed height: 15-25 cm
Control valve to simulate worst-case scaling zone

System decision generated within <30 s

Block Digram
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. INPUTS
Water composition (ions: Ca?*, CO;%", etc.)
Operating conditions (flow, pH, temperature)
System constraints & requirements 3
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2. REACTOR SYSTEM (PACKED-BED)

e Flow through packed media
e Controlled precipitation of CaCO,
e Retain solids, remove dissolved ions
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3. MEASUREMENTS

e pH, Conductivity, Temperature
e Pressure drop (AP)
e Solid yield & attachment ratio

¥

4. ANALYSIS

e Evaluate scaling behavior
e Calculate performance metrics
e Compare media and operating conditions
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5. OPTIMIZATION / DECISION
e Select best media (M1/ M2/ M3)
e Determine optimal flow & operating conditions
4§ e Ensure constraints & specifications are met g
. OUTPUTS

Scaling reduction (%)

System performance (KPls)

Recommended operating conditions

Final decision (Feasible / Partially feasible / Not feasible)
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Specification & Constrains

Prototype
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—— CONDUCTIVITY & TDS MEASUREMENT

Rawan Hadadi, Renas Aljuaid, Ghada Alghamdi, Deema Alabdulhadi, Shahd Aleiydi, Sarah Algattan
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(1) TDS REDUCTION (%) — INLET TO OUTLET
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(CR-02 = 774 ppm)
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Stable process
with controlled
variation
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Scaling relocated to a controlled reactor
Media & conditions affect precipitation
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Feasible for scaling management
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