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Summary:

While water softening using synthetic cation ion exchange resin has been around
for at least 50 years, not all softeners are created equal. This paper will detail
two water softening systems where Res-Kem identified changes to the
equipment that resulted in dramatically improved operations.

Changes to the first system yielded operating cost savings of 40%, which
translates to $41,000 per year. During the design phase of a water softening
project, Res-Kem Corp was able to identify operating cost savings of $41,000 per
year. This was accomplished without increasing the cost of installation for the
water softener or reducing the reliability of operation. The savings were a direct
result of having a complete raw water analysis, coupled with an awareness of
optional resin technologies now available in the ion exchange marketplace, and
an expertise to know where they can be applied. The operating savings were
directly linked to decreased salt consumption and savings in sewer and water
expenditures. The combined savings equaled a 40% reduction in operating
costs when compared to traditional water softening technologies.

Changes to the second system allowed it to operate on a water supply that
caused the previous unit to prematurely fail. A restaurant had a well with
extremely high dissolved iron, up to 110ppm, and extremely hard water, 855ppm.
With no other water source options, they needed to treat the water. Despite
rigorous maintenance, the system with conventional cation exchange resin failed
within months of installation. The new system worked continuously for over five
years with limited monthly maintenance.

SYSTEM 1
Reducing Operating Costs of an RO Pretreatment Soft  ener

Background

Since the common softener is a straightforward, forgiving, and simple process,
most commercial and industrial companies use a softener as part of their water
treatment protecting downstream equipment. In particular, soft water is critical to
optimally running a Reverse Osmosis, RO, system. Calcium and magnesium
hardness fouls the membranes, requiring more frequent cleaning and shorter
membrane life expectancy. While a water softener protects equipment like RO
systems, all businesses should be concerned with reducing expenses and
lessening the impact on the environment of the water softening process.
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RO membrane suppliers require a hardness of less than 1 ppm entering the RO
system. To reach the goal of less than 1 ppm hardness, a water softener must
be appropriately sized.

Key factors when sizing an industrial water softener for low or no hardness
leakage include:

Sized to run under 15 gpm per square foot.

Sized to run at less than 5 gpm per cubic foot.

Based on the flow rate required, hardness of the raw water, and hardness
leakage requirement, the engineer determines the amount of softener resin
required and salt dosages necessary to size a system with regeneration
frequency of greater than 12 hours.

In this particular case, our customer required 500 gpm, leakage below 1 ppm and
the lowest possible operating costs. Res-Kem engineers presented the customer
with two possible designs. One design used conventional cation resin and the
other incorporated non-conventional, shallow shell cation resin.

The Water Softener

The equipment consisted of a fully automatic, skid assembled, dual system with
a diaphragm valve nest Two ASME code, 60" diameter by 72" straight side,
vessels hold 70 cubic feet of resin each. Because the customer had RO water
storage, continuous 500 gpm was not needed enabling Res-Kem to use two
vessels, not three.
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Resin Choices

The choices for ion exchange resin options are industrial grade sodium form
cation, referred here forward as conventional, or industrial grade sodium form
shallow shell cation resin, referred here forward as non-conventional. The
shallow shell resin, Purolite SST-60, is manufactured with a sulfonated functional
outer shell and a non-functionalized inner core. The functionalized shell on
average occupies approximately 60% of the bead'’s outer radius and 95% of the
bead’s total volume. The outer shell is uniform in depth from bead to bead,
which contributes to advantages during regeneration and service. The uniformity
of the outer shell allows hardness ions and dissolved iron to diffuse into and out
of the functionalized shell at a consistent rate allowing for a more complete
utilization of the exchange sites.
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Benefits of the Resin Upgrade

Both system designs enabled us to get a hardness leakage of approximately
0.45 ppm. If the ion exchange resin is upgraded from conventional to shallow
shell technology, the following benefits are realized:

50% Less Salt Required
Conventional softener resin is regenerated using 15 pounds per cubic foot of
brine. Use of shallow shell resin technology enables us to us 7.5 pounds per
cubic foot of brine. Since each system uses the same amount of resin, the
salt dosage is reduced by half. During regeneration of this resin, brine
uniformly penetrates the ion exchange resin bead eluting a greater
percentage of adsorbed hardness and iron ions. With a greater number of
sites regenerated to the sodium form, Na+, greater operating capacities are
achieved along with lower hardness leakage.

Up to 40% Savings in Water and Sewer Costs
Additional savings in water and sewer are achieved as a result of less brine
dilution water and rinse water. In this particular case, this system uses 50%
less dilution water because the salt dosage is cut in half. As a result of the
kinetics of the shallow shell resin bead, the system uses 40% less rinse water

during regeneration

System Design Parameters and Capital Costs:

System Design Parameters: Units Conventional convg(rzg(-)nal
Resin Volume Per Tank fte 70 70
Number of Tanks in Service 2 2
Number of Tanks on Standby 0 0
Average Flow per Tank gpm 250 250
Vessel Diameter inches 60 60
Calculated Design Flow Rate gpm/fts 3.57 3.57
Salt Dosage Ibs/ft3 15 7.5
Influent Water Hardness ppm as CaCO; 178 178
Hardness Leakage ppm as CaCO; 0.48 0.45
Calculated Operating Capacity of Resin kgr/ft3 27.15 22.73
Calculated Volume of Water Softened per vessel gallons/cycle 280,199 234,516
Calculated Operating Cycle hours/cycle 18.68 15.63
Calculated Number of Regenerations per 24 hours 1.28 1.54
Cost of Water Softener System $55,000 $64,000
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System Operating Costs:

Salt Usage:
Operating Days days/year 365 365
Salt Usage Ibs/year 984,799 588,319
Unit Cost of Salt $/lb 0.10 0.10
Annual Cost of Salt $lyear $98,480 $58,832
Water Usage:
Backwash Water per Regeneration gallons/cycle 1,050 1,050
Dilution Water/Regeneration (1.08 gallons/1 Ib.) gallons/cycle 1,134 567
Slow Rinse per Regeneration gallons/cycle 1,050 1,050
Fast Rinse per Regeneration gallons/cycle 2,450 1,400
Total Water Usage gallons/year 2,665,522 2,278,756
Unit Cost of Water $/gallon 0.004 0.004
Annual Cost of Water $lyear $10,662 $9,115
Return on Investment:
System Parameters Units Conventional convg(rzg(-)nal
Total Annual Cost of Salt & Water $lyear $109,142 $67,947
Annual Operational Savings $lyear $41,195
Cost of Water Softener System $55,000 $64,000
Additional Cost of Resin $9,000
Assumed Useful Life of Resin years 8 8
Payback Period on Extra Resin Expense months 2.6

Note, in cases where low hardness leakage is not critical, use of Purolite SST-60
is not generally recommended. In these cases we would supply a smaller
softener, with conventional cation resin because it can run at a higher velocity,

greater than 15 gpm per square foot.

SYSTEM 2
Iron & Hardness Removal

Background:

Res-Kem was called in help to a local restaurant using a well water source. At
the time, there was no other available water source. The restaurant required
hardness of less than 17 ppm with and iron less than 0.3 ppm. Iron above 0.3
ppm is objectionable in water because it stains dishes, glassware, laundry and
plumbing fixtures caused by the oxidation and precipitation of ferric hydroxide
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and/or ferric oxide, ferric iron, into small solid iron particles. Iron can also give a
metallic or unpleasant flavor to beverages and color ice cubes.

Water Analysis:
As you can see from the following parameters, the water quality is dramatically
out of specification:

Hardness - 855 ppm

Dissolved Iron - fluctuated between 85 ppm & 110 ppm

These iron values are some of the highest Res-Kem has seen. Normally, Res-
Kem would have suggested using an alternate water source, but there were no
others available. So the only choice was to treat the water.

How Does It Work?

In the presence of dissolved iron, Fe™, fouling of cation softener resin is a
problem resulting in frequent ion exchange resin cleanings and the associated
downtime. Iron fouling is the accumulation of iron on or within an ion exchange
resin bed in such amounts that the capacity of the resin is reduced. In South
Jersey and the suburban Philadelphia area, this problem is quite common. While
there are other options for iron removal or reduction including greensand filters,
Res-Kem considers using shallow shell resins where iron levels are high. As
traditional softener resins remove dissolved iron from water supplies, the iron
becomes deeply embedded into the resin bead and difficult to remove with
standard regenerations. Since the inner core of shallow shell resin has no
functionality, it is physically impossible for the iron to become embedded as
deeply. As a result shallow shell resin has a greater capacity to remove the
dissolved iron with standard regeneration practices.

Res-Kem Solution:

Res-Kem engineers specified a dual tank, meter demand system capable of
providing soft, iron free water 24 hours per day. It consisted of two fiberglass
tanks, 16” diameter by 65” tall, each containing 4 cubic feet of shallow shell resin,
a single 1-1/2” electronic control valve and brine tank. This system is rated to do
between 18 and 28 gpm. When designing a system to remove iron, it is
important to regenerate with treated water, not raw water.

Unlike the above-mentioned RO pretreatment softener, this system was
regenerated with the full 15 pounds per cubic foot of salt. Standard solar salt
was used for brine make-up, not the more expensive treated solar salt that
continually cleans the resin. Finally, the key to continual operation was a
monthly preventive maintenance visit to check the brine valve and float and the
mechanical function of the control valve.
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Conclusion:

Since the common softener is a straightforward, forgiving, and simple process,
most commercial and industrial companies use a softener as part of their water
treatment protecting downstream equipment. While a water softener protects
downstream equipment like RO systems, all businesses should be concerned
with reducing expenses and lessening the impact on the environment of the
water softening process.

The proper application of non-conventional, shallow shell cation exchange resin
can reduce operating expenses by 40%, paying back the investment in less than
three months and/or allow a system to operate where no softener has been able
to.
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