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1. System Profiling & Overview

A water softener removes hardness-causing calcium and magnesium ions from raw/process water through cation ion-
exchange, replacing them with sodium ions. Softening is one of the most widely used pretreatment steps across boiler feed,
cooling tower make-up, laundries, dyeing, and general industrial process water applications to prevent scale formation.
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1.1 Applications

o Boiler feed water pretreatment (upstream of DM plant or directly for low-pressure boilers).

e Cooling tower make-up water treatment to control scaling on condensers/heat exchangers.

Textile dyeing and laundry process water (hardness interferes with dye uptake and detergent action).
e General industrial utility water for washing, cleaning and process make-up.

1.2 Softener Configurations

Configuration Description Typical Application

Manual Softener (Duplex) Two vessels, one in service one standby/regenerating, Small capacity plants, low automation budget
manually valved

Automatic Softener PLC/timer or volume-based automatic regeneration with Most common industrial/commercial installation

(Simplex/Duplex) multiport valve

Twin Alternating Softener Two vessels alternate automatically ensuring continuous Continuous-process plants with no downtime
soft water supply tolerance

Hot Lime Softener Chemical softening using lime/soda ash at elevated Large boiler feed pretreatment where hardness

(pretreatment) temperature is very high

2. Feed Water Characterization & Design Basis

Parameter Typical Feed Range Design Relevance

Total Hardness 100-800 mg/L as CaCO3 Determines resin exchange capacity requirement and cycle length



Iron <0.3 mg/L (preferred) Higher iron fouls resin; iron removal filter needed if >0.3-0.5 mg/L

Turbidity <10 NTU (preferred <5) Suspended solids foul resin bed and increase pressure drop
Free Chlorine Nil to low Prolonged exposure oxidizes and degrades cation resin
Sodium Site-specific High background Na reduces effective exchange capacity via competing-ion
(background) effect
Design Output Based on process demand Determines resin volume and number of regenerations per day
(m3/day/hr)

3. Process Design & Resin Chemistry

e Strong Acid Cation (SAC) resin in sodium form exchanges Ca2+ and Mg2+ ions for Na+, producing soft water with
hardness typically <5-10 mg/L as CaCO3 (near-zero achievable with fresh resin).

e Service flow rate: 16-25 BV/hr (bed volumes per hour) is typical design range for good kinetics and minimal pressure
drop.

* Resin operating capacity: 20,000-30,000 grains/ft3 (approx. 45-65 kg CaC0O3/m3) depending on salt dosage used during
regeneration (higher salt dose = higher capacity but lower efficiency).

* Bed depth typically 600-1000mm with adequate freeboard (50-75%) for backwash bed expansion.

o Hardness leakage increases as resin approaches exhaustion and with higher sodium/TDS in feed water (competing ion
effect) - design margin should account for this.

4. Pretreatment Systems

Stage Purpose Typical Equipment

Multimedia/Pressure Sand Filter Remove turbidity/suspended solids before resin bed Pressure sand filter with graded media

Iron Removal Filter Remove dissolved/precipitated iron to prevent resin Manganese greensand or oxidation-filtration
fouling system

Micron Cartridge Filter Final fine solids polishing 5-10 micron cartridge filter

Chlorine Removal (if chlorinated Protect resin from oxidative attack Activated carbon filter or SMBS dosing

source)

5. Regeneration Operation (Brine System)

o Backwash: Upward flow loosens and reclassifies the bed, removing trapped solids, 8-12 min.

¢ Brine Draw & Slow Rinse: Saturated brine (10-12% NaCl) drawn from brine tank through an eductor, diluted to 8-10%,
passed through resin bed over 30-45 minutes to displace calcium/magnesium and re-saturate resin with sodium.

¢ Fast Rinse: Flushes residual brine to bring hardness/chloride down to acceptable service levels, typically 3-5 bed
volumes.

¢ Brine Tank Refill: Measured water added to dissolve salt for the next regeneration; salt block/tablet or coarse solar salt
commonly used to minimize insoluble impurity carryover.

« Regeneration Trigger: Time-clock, water-meter (volumetric), or hardness-leakage based (with online
hardness/conductivity monitor) - volumetric control is most efficient for variable demand.



6. Softening & Brine Chemistry Deep-Dive

6.1 lon-Exchange Equilibrium

Service: 2R-Na + Ca2+ ¢ R2-Ca + 2Na+
2R-Na + Mg2+ « R2-Mg + 2Na+

Regeneration: R2-Ca + 2NaCl - 2R-Na + CaCl2
R2-Mg + 2NaCl — 2R-Na + MgCl2

Because this reaction is a true equilibrium (not a one-way exchange), a large excess of Na+ (concentrated brine, 8-
12%) is required to drive regeneration to completion in the reverse direction. Divalent ions (Ca2+, Mg2+) are held more
strongly by SAC resin than monovalent Na+, which is why softening works efficiently at low background TDS but loses
capacity as feed sodium/TDS rises — the selectivity advantage of Ca2+/Mg2+ over Na+ shrinks as total ionic strength
increases.

6.2 Salt Dose & Capacity Trade-off (worked example)

Capacity (kg CaC03/m3) vs. Salt Dose (kg NaCl/m3 resin) — typical curve:
80 kg/m3 salt - ~40 kg/m3 capacity (50% efficiency)
120 kg/m3 salt - ~55 kg/m3 capacity (46% efficiency)
160 kg/m3 salt - ~65 kg/m3 capacity (41% efficiency)

Example — sizing a regeneration:
Resin volume = 1.2 m3; target capacity = 50 kg CaC03/m3 - total hardness removal = 60 kg CaCO3
At 100 kg salt/m3 dose - Salt required = 120 kg NaCl per regeneration

Salt efficiency (kg hardness removed per kg salt used) falls as dose rises — this is why over-salting is a common source
of high operating cost without a proportional capacity gain, and why annual resin capacity testing against actual salt
dose is a recommended audit item (Section 9).

6.3 Competing lon / Sodium Leakage Effect

As background sodium or total dissolved solids in the feed water rises, the mass-action equilibrium shifts, reducing the
effective operating capacity of the resin and increasing the hardness leakage observed even on a freshly regenerated
bed. This is a chemistry effect, not a fault, and explains why softeners fed with brackish or RO-reject-blended water
need a larger resin volume/higher regeneration frequency margin than the same duty on low-TDS water.

6.4 Salt Purity & Insoluble Residue

Commercial salt (solar/rock/vacuum-evaporated) contains 0.1-2% insoluble matter (calcium sulfate, silt, clay)
depending on grade. This residue accumulates at the base of the brine tank and, if drawn into the eductor, causes
nozzle scaling/plugging (Section 7) — vacuum-evaporated (pellet/block) salt is recommended wherever the brine
system is fully automatic and unattended, since it leaves the least insoluble residue.

6.5 pH & Alkalinity Pass-Through

Unlike a DM plant, a softener does not remove alkalinity (bicarbonate) or anions - only hardness cations are exchanged.
Softened water therefore retains the feed water's alkalinity and TDS (as sodium salts), which is why a softener alone is
not sufficient pretreatment for high-pressure boilers or DM/RO trains requiring TDS reduction; it is a hardness-control
step, not a demineralization step.

7. Common Problems & Engineering Solutions

Problem Root Cause Engineering Solution

Hardness leakage in soft Resin exhaustion, channeling, insufficient salt Verify regeneration trigger point, check salt dose per design,
water dose, high feed TDS inspect for channeling

Short run length between Higher than design feed hardness, resin fouling, Re-verify feed hardness, consider resin cleaning or capacity

regenerations undersized resin volume upgrade



Resin fouling Iron precipitation or organic matter on resin Install/upgrade iron removal pretreatment, periodic resin

(iron/organic) beads reducing capacity cleaning with proprietary cleaner

Salt bridging in brine tank  Excess fine salt caking, insufficient water level Break bridge manually, switch to coarser solar salt or salt
control blocks, verify water fill volume

High pressure drop across  Resin fouling, fines, inadequate backwash Increase backwash frequency/duration, inspect underdrain

vessel and freeboard

Excessive salt Over-regeneration, inefficient brine distribution, Optimize salt dose to actual resin capacity, inspect brine

consumption resin capacity loss distributor

Resin loss/carryover to Excessive backwash rate, broken Reduce backwash flow, inspect and repair underdrain

service line underdrain/nozzle assembly

Equipment/Media Typical Service Life Key Life-limiting Factors

SAC Softening Resin 5-8 years (up to 10 with good care) Iron/organic fouling, oxidative attack (chlorine), osmotic shock

FRP/MS Pressure Vessels 15-20 years Rubber lining wear (8-10 yrs), corrosion, physical damage

Multiport/Automatic Valve 8-12 years Seal/diaphragm wear, mineral deposit on seats

Brine Tank (PE/FRP) 12-15 years UV degradation, salt corrosion of fittings

Brine Eductor/Injector 5-7 years Nozzle wear, scaling

Underdrain/Nozzles 10-12 years Physical damage, chemical attack

Water Meter (for volumetric control) 5-8 years Mechanical wear, calibration drift

9. Preventive Service & Maintenance Schedule

Frequency Activity

Daily Test outlet water hardness (soap/EDTA test kit); check brine tank salt level; verify regeneration counter/timer

Weekly Inspect for salt bridging in brine tank; check multiport valve for leaks; verify backwash bed expansion

Monthly Resin bed depth check; inspect brine injector/eductor for scaling; test regeneration efficiency (salt dose vs capacity)
Quarterly Iron fouling test on resin sample; inspect underdrain via manway if accessible; calibrate water meter/hardness test kit

Annual Resin capacity test and replacement planning; full valve/actuator service; internal vessel lining inspection; brine tank cleaning

10. Troubleshooting Guide

Symptom Probable Cause Corrective Action

Soft water hardness gradually Resin nearing exhaustion, gradual capacity loss Check regeneration frequency vs actual demand, test
rising resin capacity

Hardness immediately after Incomplete rinse, brine carryover, valve Extend fast rinse, inspect multiport valve seals/position
regeneration malfunction

No brine draw during Clogged eductor nozzle, empty brine tank, Clean eductor, verify brine tank level and line for blockage
regeneration blocked brine line

Salt not depleting from brine Salt bridging, low water fill level Break bridge, verify brine tank fill volume and timing
tank

High differential pressure Resin fouling/fines, channeling Backwash longer/more frequently, inspect underdrain
Frequent unwanted Water meter miscalibration, timer setting error  Recalibrate meter, verify timer/volumetric setpoint
regeneration against actual capacity

11. Project Execution & Engineering Workflow

Phase Key Deliverables / Activities



Feed Water Analysis & Capacity
Study

Basic Engineering
Detailed Engineering
Procurement

Civil & Structural
Erection & MEI
Pre-commissioning
Commissioning
Performance Test

Handover & O&M

Hardness/iron/turbidity testing, output demand study, resin volume and regeneration frequency
calculation.

Simplex/duplex/twin-alternating configuration selection, PFD, equipment sizing.
P&ID, vessel GA drawings, brine system design, control philosophy, electrical design.
Resin vessels, resin, multiport/automatic valves, brine tank, control panel.
Foundation for vessels and brine tank, plant room layout.

Vessel installation, internals fitting, resin loading, piping, control wiring.

Hydro test, resin classification backwash, regeneration sequence dry-run.

First regeneration cycles, verification of soft water quality at rated flow.

Verify hardness leakage and run length against design over sustained operation.

O&M manual, resin capacity baseline record, operator training.

12. Standards & Performance Guarantee

e Typical soft water guarantee: hardness <5-10 mg/L as CaCO3 at rated service flow, degrading gradually until

regeneration trigger point.

e Salt consumption guarantee expressed as kg NaCl per m3 of soft water produced, or per regeneration cycle, verified

during PGTR.

e Brine handling area should have adequate drainage/containment; salt storage area to be kept dry and covered to prevent

caking.

e Guarantee typically demonstrated over multiple complete service-regeneration cycles at rated flow with third-party lab
verification of hardness leakage.

Technical note: figures in this manual are general design guidelines. Final resin volumes, salt dosing and operating limits must be
established from actual site water analysis.



