Factors Affecting the Brine

Efficiency of Softeners

Summary: We began this discussion last
month by relaying news that a compromise
inlegislation passedin California, Senate Bill
1006, this summer regarding water soften-
ers meant higher brine efficiency standards
there and likely nationwide eventually. As
California goes, often so goes the nation,
particularly with environmental issues. We
continue here by considering ramifications of
control valves, injector selection, tank con-
figuration, resin selection and service flow
toward more efficient salt usage.

alves with fixed time cycles
will tend to use more waterin
the backwash and rinse

cycles. This will further exhaust the
bed and reduce the full capacity
achieved during regeneration. Elec-
tronic valves with fully adjustable time
setting canbe set to use minimal back-
wash cycles (usually 10 minutes) and
shortened rinses. This can save 50
gallons ormore of water per cubic foot
per cycle. This capacity can be added
to the service cycle, thus improving
efficiency. Electronic valves also in-
corporate timed brinerefilllevels. This
isafar moreaccurate way toadjust the
brine level, especially at the proposed
lower levels suggested by this article.

Upflow brining is more efficient
than downflow brining becauseit pro-
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duces a bed with lower leakage char-
acteristics that will help produce
higher quality for a longer time.*
Upflow generally gives better brine
distribution during regeneration and
reduces brinedilutionby the freeboard
headspace above the resin in the tank.
A metered, upflow regenerating elec-
tronic valve with timed brine refill is
best for realizing higher brine effi-
ciency.

Brine injector size

The brine injector is a tiny device
in the control valve that draws satu-
rated brine into a dilution stream of
water during the brining cycle. It also
sets the flow

Extremes of feed pressure (below 20 or
over 80 pounds persquare inch, or psi)
can result in higher dilution rates in
the brine.” However, alarger negative
impactisrealized by toolarge aninjec-
tor thatdraws the brine in too quickly.
Since 10 percent brine contains ap-
proximately 1 Ib of sodium chloride
(NaCl) per gallon (gal) and since 10
minutes of brine contact is minimal,
selectabrineinjector that will produce
0.5-to-0.6 gallons per minute (gpm)
flow of dilute brine per cubic foot of
resin. Use the smallest injector practi-
cal for the water condition and install
abrine filterin-line, if needed, toavoid
clogging the injector throat with de-

rate of the di-
luted brine
through the
resin. Both
brine concen-
tration and
brine flow rate
can impact ca-
pacity and effi-
ciency.’ Figure
1 shows that 10
percent brine
(40 percent
saturated) is
near optimum.
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bris from the salt.

Brine is diluted by the freeboard
area above the resin. To compensate,
the brine injector should deliver the
brine to the top of the tank at near 15
percent. That’s less thana 1-to-1 dilu-
tion ratio from the brine tank. Check
the “rinse” rates for the injector you
plan to use and compare this to the
“draw” rate for the brine. You should
select one for your feed pressure that
has a higher brine draw than rinse
rate. The total regeneration flow will
be the sum of the two rates.

Tank configuration

All 1-cubic-foot softeners are not
alike. Using toolargea tank for thebed
size results in excess brine dilution
due to excess freeboard. Freeboard is
necessary for proper bed expansion
during backwash. Thisallows the bed
toloosen, fluffs itup and rinses out dirt
orsediment. Use an upperinletscreen

on the control valve or upper distribu-
tors. Use a maximum of 33 percent
freeboard (% of the tank height) in-
stead of the usual 50 percent on city
water and consider using a prefilteron
all well water to minimize backwash
requirements.

Tank diameter will also affect the
bed depth of theresin. Anarrower tank
gives a deeper bed depth, which im-
proves capacity (see Figure 2).! This
also minimizes the headspace dis-
cussed previously.

Utilizing as much of the resin bed
as possible can be facilitated by the use
of underbedding—usually sand or pea
gravel. Water will not flow through
resin sideways when it'sburied beside
orbelow thebottomoutlet. Larger tanks
require deeper levels of underbedding
(see Figure 4). Underbedding can also
act to lift the bed up, thus reducing the
headspace above the resin. It can also
help brine distribution by presenting
some level of
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shell. Eachrep-

resents an answer to any given need
and economic consideration. Standard
resins have a large particle size varia-
tion (16-to-50 mesh or 1.2-to-0.3 milli-
meters, mm) and are lower in cost.
These resins were used to establish
original capacity curves used in this
article. Since kinetics plays such an
importantrole in the function ofanion
exchanger, especially during regen-
eration, any resin that demonstrates
better regeneration characteristics im-
proves that resin’s capacity and in-
creases its brine efficiency.

Fine mesh resins (0.1-to-0.3 mm)
canimprovebrineefficiency by 10 per-
centatthelowersaltlevelsand they do
regenerate more quickly.2Conversely,
they do cause higher pressure drop,
are more difficult to contain and cost
more to make. Fine mesh resins are
good filters and tend to pick up more
suspended solids and/or dirt than
standard resins, but they backwash
very easily. They're a good consider-
ation for larger diameter tanks with
limited backwash flow available or
canbe used with smaller valves to take
advantage of the lower backwash flow
demand. Fine mesh resins backwash
at about 40 percent of the flow rate
needed for standard resins.

Uniform particle size (UPS) resins
can boost brine efficiency by 10-to-15
percent with a combination of more
uniform regeneration (reduced leak-
age) and shorter rinse requirements.”
They may cost more depending on
how they were produced. Modern, jet-
ted resins that don’t require mechani-
cal size screening may be priced about
the same as standard resins.

Shallow shell resins are stan-
dard size buthave uniform reactive
shells giving many of the advan-
tages of higher capacity and shorter
rinses.® Shallow shell resins regen-
erate very effectively with low salt
levels, making them ideal candidates
for commercial applications requir-
ing low hardness leakages without
the use of excessive amounts of salt.
Current versions of these resins are
not designed for residential appli-
cations due to their lengthy and more
complex startup requirements.
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Service flow

A final variable to be discussed is
service flow rate. Newer residences
with very high fixture counts requir-
ing 20-to-25 gpm are driving down
brine efficiencies by forcing manufac-
turers to makesystems with lower pres-
sure dropsin order toachieve the per-
ceived need of the higher flow demands.
Fixture countstandards vary fromstate
to state according to which plumbing
codesarein force. Fixture count flow is
a theoretical value that essentially as-
sumes that every plumbing fixture in
the house maybe turned onat the same
time. This is a highly unlikely event.
Normal water flows to a residence
rarely exceed 5-to-7 gpm. Such flow
rates are easily achieved without ex-
cessive pressure drops with 8- and 9-
inch diameter softeners, and these will
be morebrine efficient for the variety of
reasons discussed. Larger systems
should be considered only where
there’s a true need established for
higher flow, a feed pressure limitation
or the feed hardness dictates a larger
resin bed for throughput capacity.

On the negative side, raw water
continuously flowing at high rates
through a bed that’s too small will
result in a capacity reduction. This is
certainly an important variable forin-
stallations needing a sustained flow.
Figure 5 shows the general effect on
capacity with increased flow rates.’

Another important variable to be
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larger softener
simply to avoid excessive pressure
drop as well. Cold water is more vis-
cousand offers more resistance to flow.
Under normal conditions of 50-to-
100°F, the capacity changes only a
minimal amount. However as we g0
below 40°F, the softener kinetics—or
speed at which the ion exchange pro-
cess occurs—are soslow thatyoumay
have to oversize by 100-to-200 percent
just to treat the water. In such circum-
stances, you could design a system
thatpreheats the water to 55-to-60°F. A
second hot water heater installed be-
fore the softener (set the thermostatat
no higher than 70°F) could probably
handle that very effectively.

Conclusion

By way of arecap, Table 1 lists the
variables discussed hereand their rela-
tive impact on brine efficiency losses.

Although the impact of any single
variablemaybe minimal, the totalim-
pact of all of the “minimals” adds up
to efficiency losses of 25-to-30 percent
very easily. More than half of these

losses can be recovered by proper sys-
tems design.

The size and shape of the softener
for the new millenium will definitely
change. Newer standards will place
more emphasis on brine efficiency,
which means deeper beds, counter-
flow brining and fully programmable
electronic valves. These new systems
will have a higher tech appearance,
carry a higher tech sales pitch and be
more “custom” engineered and main-
tained. The need for a more “environ-
mentally friendly” system will under-
score these designs.d
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Table 1. Summary of issues to improve brine efficiency

Variable Helps Hurts

hardness higher high TDS
regeneration level lower high regeneration flow
brine 10% low concentration
valve smallerinjector high flow pressure
tank 30" minimum bed highhead space
resin many choices no underbedding
hydraulics slower flows coldwater ~
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