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IMPORTANT SAFETY NOTICE
The information in this service guide is intended for use by
individuals possessing adequate backgrounds of electrical,
electronic, and mechanical experience. Any attempt to repair a
major appliance may result in personal injury and property 
damage. The manufacturer or seller cannot be responsible for the 
interpretation of this information, nor can it assume any liability in 
connection with its use.

WARNING
To avoid personal injury, disconnect power before servicing 
this product . If electrical power is required for diagnosis or test 
purposes, disconnect the power immediately after performing the 
necessary checks.

RECONNECT ALL GROUNDING DEVICES
If grounding wires, screws, straps, clips, nuts, or washers used to 
complete a path to ground are removed for service, they must be 
returned to their original position and properly fastened.

GE Appliances
Technical Service Guide

Copyright © 2012
All rights reserved. This service guide may not be reproduced in whole or in part
in any form without written permission from the General Electric Company.
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Acid: A substance that releases hydrogen ions when dissolved in water. Most acids will dissolve the common 
metals, and will react with a base to form a neutral salt and water.

Alkalinity: The quantitative capacity of water or water solution to neutralize an acid. It is usually measured 
by titration with a standard acid solution of sulfuric acid, and expressed in terms of its calcium carbonate 
equivalent.

Anion: A negatively charged ion in solution, such as bicarbonate, chloride, or sulfate.

Anion Exchange: An ion exchange process in which anions in solution are exchanged for other anions from 
an ion exchanger. In demineralization, for example, bicarbonate, chloride, and sulfate anions are removed 
from solution in exchange for a chemically equivalent number of hydroxide anions from the anion exchange 
resin.

Anode Rod: The anode rod is usually an aluminum or magnesium rod placed in a gas water heater tank and 
is used to protect against corrosion of the tank. It is sometimes called a sacrifi cial anode since it dissolves 
slowly and sacrifi ces itself to protect the metal tank. As the anode reacts with substances in the water, it 
undergoes an electrochemical reaction and draws corrosion to itself rather than the glass lined steel tank. 

Backwash: The process in which beds of fi lter or ion exchange media are subjected to fl ow opposite to the 
service direction to loosen the bed and to fl ush suspended matter (collected during the service run) to waste.

Bacteria: Unicellular micro-organisms which typically reproduce by cell division. Although usually classifi ed 
as plants, bacteria contain no chlorophyll.

Bed: The ion exchange or fi lter media in a column or other tank or operational vessel.

Bed Depth: The height of the ion exchange media in the vessel after preparation for service.

Brine: A strong solution of salts(s), such as the sodium chloride brine used in the regeneration of ion 
exchange water softeners; also applied to the mixed sodium, calcium, and magnesium chloride waste 
solution from regeneration.

Calcium: One of the principal elements making up the earth’s crust; its compounds, when dissolved, make 
the water hard. The presence of calcium in water is a factor contributing to the formation of scale and 
insoluble soap curds which are a means of clearly identifying hard water.

Capacity: An expression of the quantity of an undesirable material which can be removed by a water 
conditioner between servicing of the media (i.e., cleaning, regeneration or replacement), as determined under 
standard test conditions. For ion exchange water softeners, the capacity is expressed in grains of hardness 
removal between successive regeneration’s and is related to the pound of salt used in regeneration. 

Cation: An ion with a positive electrical charge, such as calcium, magnesium, and sodium.

Cation Exchange: Ion exchange process in which cations in solution are exchanged for other cations from 
an ion exchanger.

Corrosion: The destructive disintegration of a metal by electrochemical means.

Cycle: A series of events or steps which ultimately lead back to the starting point, such as the exhaustion–
regeneration cycle of an ion exchange system; sometimes incorrectly used in reference to a single step of a 
complete cycle.

Differential Pressure: The difference in pressures at two points in a water system; may be due to differences 
in elevation, or to friction losses or pressure drops due to resistance to fl ow in pipes, softeners, fi lters or other 
devices.

Effi ciency: The ratio of output per unit input; the effectiveness of performance of a system; in an ion 
exchange system, often expressed as the amount of regenerant required to produce a unit of capacity, such 
as the pounds of salt per kilograin of hardness removal.

Glossary of Terms

(Continued Next Page)
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Endpoint: The point at which a process is stopped because a predetermined value of a measurable variable 
is reached; the endpoint of an ion exchange water softener service run is the point at which the hardness 
of the softener effl uent increases to a predefi ned concentration, often 1.0 grain per gallon; the endpoint of 
a fi lter service run may be the point at which the pressure drop across the fi lter reaches a predetermined 
value; the endpoint of a titration is the point at which the titrant produces predetermined color change, pH 
value, or other measurable characteristic.

Equivalent Per Million: A unit of concentration used in chemical calculations, calculated by dividing the 
concentration in ppm or mg/1 by the equivalent weight.

Exhaustion: The state of an ion exchange material in which it is no longer capable of effective functioning 
due to the depletion of the initial supply of exchangeable ions; the exhaustion point may be defi ned in terms 
of a limiting concentration of matter in the effl uent, or in the case of demineralization, in terms of electrical 
conductivity.

Fouling: The process in which undesirable foreign matter accumulates in a bed of fi lter media or ion 
exchanger, clogging pores and coating surfaces, thus inhibiting or retarding the proper operation of the bed.

Freeboard: The vertical distance between a bed of fi lter media or ion exchange material and the overfl ow or 
collector for backwash water; the height above the bed of granular media available for bed expansion during 
backwashing; may be expressed either as a linear distance or a percentage of bed depth.

GPG: Abbreviation for grains per gallon.

Grain: (gr.)  A unit of weight equal to 1/7000th of a pound, or 0.0648 gram.

Grain Per Gallon: (gpg) A common basis for reporting water analyses in the United States and Canada; one 
grain per U.S. gallon equals 17.12 milligrams per liter (mg/1) or parts per million (ppm). One grain per British 
(Imperial) gallon equals 14.3 milligrams per liter or parts per million.

Gram: (g) The basic unit of weight (mass) of the metric system, originally intended to be the weight of one 
cubic centimeter of water at 40°C.

Hardness: A characteristic of natural water due to the presence of dissolved calcium and magnesium; water 
hardness is responsible for most scale formation in pipes and water heaters and forms insoluble curd when  
it reacts with soaps. Hardness is usually expressed in grains per gallon, parts per million, or milligrams per 
liter, all as calcium carbonate equivalent.

Hardness Leakage: The presence of a consistent concentration of hardness in the effl uent from an ion 
exchange water softener, often due to high concentrations of hardness or sodium in the water being treated 
(see Leakage).

Hard Water: Water with a total hardness of one grain per gallon or more, as calcium carbonate equivalent.

Head: A measure of the pressure at a point tin a water system: expressed in pounds per square or in the 
height of a column of water which would produce the pressure.

Head Loss: See Pressure Drop.

Hydraulic: Referring to water or other fl uids in motion.

Hydraulic Classifi cation: A process in which particles of the same specifi c gravity may be graded according 
to size by backwashing or other relative upward fl ow of water; the smallest particles tending to rise to the 
top of the bed, and the largest particles tending to sink to the bottom, due to variations in weight to surface 
area ratios.

Hydrogen Cycle: The cation exchange cycle in which the cation exchanger is regenerated with acid, and 
cations are removed from the solution treated in exchanged for hydrogen ions.

Hydrogen Ion Concentration: The concentrations of hydrogen ions in moles per liter of solution; often 
expressed as pH (see pH).

Hydrogen Sulfi de: The chemical compound with the formula H2S. It is a colorless, very poisonous, fl ammable 
gas with the characteristic foul odor of expired eggs perceptible at concentrations as low as 0.00047 parts 
per million. It often results from the bacterial breakdown of organic matter in the absence of oxygen, such as 
in swamps and sewers; this process is commonly known as anaerobic digestion.

(Continued Next Page)
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Hydrologic Cycle: The water cycle, including precipitation of water from the atmosphere as rain or snow 
fl ow of water over or thru the earth, and evaporation or transpiration to water vapor in the atmosphere.  (see 
Transpiration).

H2S: (See Hydrogen Sulfi de).

Ion: An atom or group of atoms which functions as a unit, and has a positive or negative electrical charge, 
due to the gain or loss of one or more electrons (see Ionization).

Ion Exchange: A reversible process in which ions are released from an insoluble permanent material in 
exchange for other ions in a surrounding solution; the direction of the exchange depends upon the affi nities 
of the ion exchanger for the ion present, and the concentrations of the ions in the solution.

Ionization: The physical process of converting an atom or molecule into an ion by adding or removing 
charged particles such as electrons or other ions

Iron: An element often found discolored in ground water (in the form of ferrous iron) in concentrations usually 
ranging from zero to 10 ppm (mg/1). It is objectionable in water supplies because of the staining caused after 
oxidation and precipitation (as ferric hydroxide); because of tastes, and because of unsightly colors produced 
when iron reacts with tannins in beverages such as coffee and tea.

Iron Bacteria: Organisms which are capable of utilizing ferrous iron (either from the water or from steel pipe) 
in their metabolism and precipitating both ferric hydroxide in their sheaths and gelatinous deposits. These 
organisms tend to collect in pipe lines and tanks during periods of low fl ow, and to break loose in slugs of 
turbid water to create staining, taste, and odor problems.

Leakage: The amount of contaminant or hardness remaining in water after fi ltering or other treatment.

Liter: The basic metric unit of volume; 3.785 liters equals one U.S. gallon. One liter of water weighs 1000 
grams.

Magnesium: One of the elements making up the earth’s crust. Magnesium compounds, when dissolved in 
water, make the water hard. The presence of magnesium in water is a factor contributing to the formation of 
scale and insoluble soap curds.

Media: The selected materials in a fi lter that form the barrier to the passage of certain suspended solids or 
dissolved molecules.

Medium: Singular form of media.

MG/L: The abbreviation for milligrams per liter.

Milligram Per Liter (mg/l): A unit concentration of matter used in reporting the results of water and waste 
water analyses. In diluted water solutions it is practically equal to the part per million, but varies from he 
ppm in concentrated solution such as brine. As most analyses are performed on measured volumes of water 
the mg/l is a more accurate expression of the concentration, and is the preferred unit of measure.

Mineral: A term applied to inorganic substances (such as rocks and similar matter) found in the earth 
strata, as opposed to organic substances such as plant and animal matter. Minerals normally have defi nite 
chemical composition and crystal structure. The term is also applied to matter derived from minerals, such 
as the inorganic ions found in water. The term has been incorrectly applied to ion exchangers, even though 
most of the modern materials are organic ion exchange resins.

Negative Charge: The electrical charge on an electrode or ion in solution due to the presence of an excess of 
electrons.

Neutral: In electrical systems, the term used to indicate neither an excess nor a lack of electrons; a condition 
of balance between positive and negative charges. In chemistry, the term used to indicate a balance 
between acids and bases; the neutral point on the pH scale is 7.0, indicating the presence of equal numbers 
of free hydrogen (acidic) and hydroxide (basic) ions.

Operating Pressure: The range of pressure, usually expressed in pounds per square inch, over which a water 
conditioning device or water system is designed to function.

(Continued Next Page)
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Parts Per Million (ppm): A common basis for reporting the results of water and waste water analyses, 
indicating the number of parts by weight of a dissolved or suspended constituent, per million parts by 
weight or water or other solvent. In dilute water solutions, one part per million is practically equal to one 
milligram per liter, which is the preferred unit.

pH: The reciprocal of the logarithm of the hydrogen ion concentration. The pH scale is from 0 to 14, and 
7.0 is the neutral point, indicating the presence of equal concentrations of free hydrogen and hydroxide 
ions, pH values below 7.0 indicate increasing acidity, and pH values above 7.0 indicate increasing base 
concentrations.

Positive Charge: The electrical charge on an electrode or ion in solution due to the removal of electrons.

PPM: The abbreviation for part per million.

Precipitate: To cause a dissolved substance to form a solid particle which can be removed by settling or 
fi ltering, such as in the removal of dissolved iron by oxidation, precipitation, and fi ltration. The term is also 
used to refer to the solid formed, and to the condensation of water in the atmosphere to form rain or snow.

Pressure Differential: The difference in pressure between two points in a system due to differences in 
elevation and/or pressure drop due to fl ow.

Pressure Drop: A decrease in water pressure during fl ow due to internal friction between molecules of water, 
and external friction due to irregularities or roughness in surfaces past which the water fl ows.

Rated Capacity: The basis for calculating the number of gallons delivered by a water softener between 
regeneration’s, or amount of time between servicing of a fi lter, as determined under specifi c test conditions.

Rated Pressure Drop: The pressure drop of a freshly regenerated and/or backwashed water softener or 
fi lter at the rated service fl ow, with clean water at a temperature of 60°F, as determined under standard test 
conditions.

Rated Service Flow: The manufacturer’s specifi ed maximum fl ow rate at which a water softener will deliver 
soft water, or a fi lter will deliver quality water (as specifi ed for its type) as determined under standard test 
conditions. A manufacturer may also specify a minimum fl ow rate or a range of service fl ows.

Rated Softener Capacity: A water softener capacity rating based on grains of hardness removed while 
producing soft water between successive regeneration’s, and related to the pounds of salt required for each 
regeneration as determined under standard test conditions.

Raw Water: Untreated water, or any water before it reaches a specifi c water treatment device or process.

Red Water: Water which has a reddish or brownish appearance due to the presence of precipitated iron 
and/or iron bacteria.

Regenerant: A solution of chemical compound used to restore the capacity of an ion exchange system.  
Sodium chloride brine is used as a regenerate for ion exchange water softeners; acids and bases are used as 
regenerants for the cation and anion resins used in demineralization.

Regeneration: In general, includes the backwash, brine, and fresh water rinse steps necessary to prepare a 
water softener exchange bed for service after exhaustion. Specifi cally, the term may be applied to the brine 
step in which the sodium chloride solution is passed thru the exchanger bed. The term may also be used for 
similar operations relating to demineralizers and certain fi lters.

Regeneration Level: The quantity of regenerant used in regeneration of an ion exchange unit or system, 
usually expressed in pounds per regeneration and/or pounds per regeneration per cubic foot of ion 
exchange.

Resin: Synthetic organic ion exchange material, such as the high capacity cation exchange resin widely 
used in water softeners.

Salt: The common name for the specifi c chemical compound sodium chloride, used in the regeneration of 
ion exchange water softeners. In chemistry, the term is applied to a class of chemical compounds which can 
be formed by the neutralization of an acid with a base.

(Continued Next Page)
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Soap: One of a class of chemical compounds which possesses cleaning properties, formed by the reaction of 
a fatty acid with a base or alkali. Sodium and potassium soaps are soluble and useful, but can be converted 
to insoluble calcium and magnesium soaps (curd) by the presence of these hardness ions in water.

Sodium: An ion found in natural water supplies, and introduced to water in the ion exchange water softening 
process. Sodium compounds are highly soluble, and do not react with soaps or detergents.

Sodium Chloride: The chemical name for common salt, widely used in the regeneration of ion exchange 
water softeners.

Soft Water: Any water which contains less than 1.0 fpf (17/1 mg/1) of hardness minerals, expressed as 
calcium carbonate. 

Softened Water: Any water that is treated to reduce hardness minerals to 1.0 gpg (17/1 mg/1) or less, 
expressed as calcium carbonate.

Sulfur: A yellowish, solid element. The term is also used as a slang expression to refer to water containing 
hydrogen sulfi de gas.

TDS: The abbreviation for total dissolved solids.

Titration: An analytical process in which a standard solution in a calibrated vessel is added to a measured 
volume of sample until an endpoint, such as a color change, is reached. From the volume of the sample and 
the volume of standard solution used, the concentration of a specifi c material may be calculated.

Total Dissolved Solids: The weight of solids per unit volume of water which are in true solution; usually 
determined by the evaporation of a measured volume of fi ltered water and determination of the residue 
weight.

Transpiration: This is a process similar to evaporation. It is a part of the water cycle, and it is the loss of 
water vapor from parts of plants (similar to sweating), especially in leaves but also in stems, fl owers and 
roots.
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Specifi cations and Performance Claims

The models below are effi ciency rated. The effi ciency rating is valid only at the minimum stated salt dose. 
The softener has a Demand-Initiated Regeneration (D.I.R.) feature that complies with specifi c performance 
specifi cations intended to minimize the amount of regenerant brine and water used in its operation.

The softener has a rated salt effi ciency of not less than 4,000 grains of total hardness exchange per pound 
of salt (based on sodium chloride) and will not deliver more salt than its listed rating or be operated at 
a sustained maximum service fl ow rate greater than its listed rating. This softener has been proved to 
deliver soft water for at least 10 continuous minutes at the rated service fl ow rate. The rated salt effi ciency 
is measured by laboratory test described in NSF/ANSI Standard 44. These tests represent the maximum 
possible effi ciency that the system can achieve. Operational effi ciency is the actual effi ciency after the 
system has been installed. It is typically less than the actual effi ciency due to individual application factors, 
including water hardness, water usage, and other contaminants, that reduce the softener’s capacity.

Model Specifi cations
GXSH30V GXSH40V GXSH45V

Rated Capacity* (Grains @ Salt Dose) 12,000 @ 2.5 lbs

25,400 @ 7.9 lbs

30,000 @ 13.3 lbs

11,700 @ 2.3 lbs

31,500 @ 8.7 lbs

40,100 @ 15.1 lbs

13,200 @ 2.6 lbs

35,700 @ 9.9 lbs

45,100 @ 17.0 lbs
Rated Effi ciency** Grains/Pound of Salt @ 
Minimum Salt Dose 

4,700 @ 2.5 lbs 5,100 @ 2.3 lbs 5,090 @ 2.6 lbs

Water used during Regeneration (gallons/
grains)

2.8/1,000 2.7/1,000 2.8/1,000

Total Water Used per Regeneration @ 
Maximum Salt Dose 

35.5 gallons 37.0 gallons 43.0 gallons

Amount of High Capacity Ion Exchange Resin 
(lb/cu. ft.)

43/0.083 57.56/1.11 65.0/1.25

Resin Tank Nominal Size (inches, diameter x 
height)

9 x 35 9 x 40 10 x 40

Service Flow Rate (gpm) 7.5 9.5 9.5
Pressure Drop at Rated Service Flow (psig) 8.3 12.7 10.3
Water Supply maximum Hardness (gpg) 95 110 160
Water Supply Maximum Clear Water Iron 
(ppm)***

8 8 10

Water Pressure Limits (minimum – maximum 
psi)****

20 – 125 20 – 125 20 – 125

Water Temperature Limits (minimum – 
maximum ºF)

40 – 120 40 – 120 40 – 120

Maximum Flow rate to Drain (gpm) 2.3 2.3 2.3

These systems conform to NSF/ANSI 44 for the specifi c capacity claims as verifi ed and substantiated by test data.

* Testing was performed using pellet grade sodium chloride as the regenerant salt.

** Effi ciency rating is valid only at the lowest stated salt dosage. These softeners were effi ciency rated according to NSF/ANSI 44.

*** Extent of iron removal may vary with conditions. The capacity to reduce clear water iron is substantiated by WQA test data. State 
of Wisconsin requires additional treatment if water supply contains greater than 5 ppm clear water iron. Refer to Cleaning Iron Out of 
the Water Softening System section.

**** Canada working pressure limits: 1.4–7.0 kg/cm2

(Continued Next Page)
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Performance Claims
Contaminant Infl uent Challenge Level Maximum Allowable Product 

Water Level
Barium 10 ± 10% mg/l 2.0 mg/l

Radium 226/228 25 pCi/l 5 pCi/l

Test parameters include: pH = 7.5±0.5, fl ow rate = 7.5 gpm, and dynamic pressure = 35±5 psig.
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Parts of a Water Softener

Resin Tank

(Continued Next Page)
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Brine Valve Assembly

The brine valve assembly is protected by the brine well and is located in the brine tank (salt storage tank).

The brine valve assembly consists of:

1. Tubing

2. Float Stop

3. Float

4. Float Seal

5. Float Rod and Stem

6. Guide Cap

7. Lower Seal

 

                  1

   
2

            3

         4

                5

             6

           7

Fill water is transported into the salt tank thru the brine valve assembly tubing (1). To prevent brine tank 
overfl ow, the fl oat (3) pushes upward against the fl oat stop (2). The fl oat stop lifts the fl oat rod and stem (5) 
until the lower seal (7) seats against the guide cap (6) sealing the passage from fi ll water.

Brine draw occurs when suction created by the nozzle/venturi assembly draws brine solution from the brine 
tank. The fl oat riding the brine solution holds the fl oat seal (4) up until the brine solution is level with the guide 
cap opening. The fl oat seal covers the opening, signaling brine rinse has started, and prevents the induction 
of air into the resin tank assembly.

(Continued Next Page)
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Nozzle/Venturi Assembly

The nozzle/venturi must function properly for the fi ll and brine cycles to occur.

It consists of:

The nozzle/venturi assembly serves 3 purposes:

• Regulates fi ll water

• Creates suction for brine draw

• Controls brine rate

The fi ll fl ow plug regulates how fast fi ll water enters the brine tank. Too much water could lead to excessive 
salt consumption or salty water after regeneration. Too little water could lead to reduced capacity or resin 
fouling.

A small amount of water is pushed thru the bottom port of the venturi body and is directed up to the cap. 
The water sifts thru the screen and down the nozzle/venturi assembly. The nozzle accelerates the speed of 
the water, forcing it into the venturi and causing suction. The gasket then seals against the bottom of the 
nozzle/venturi assembly. Brine is drawn up the brine tubing, over the fi ll fl ow plug, and thru the middle hole 
of the gasket. It mixes with the feed water and is directed thru the top port of the venturi body to the valve 
assembly.

The brine fl ow plug, located on the nozzle/venturi assembly, restricts the brine rate. The brine fl ows thru 
the top port of the venturi body, back into the valve assembly, and down the riser pipe. Brine moves slowly 
upward thru the resin to the drain, keeping the resin bed tight.

Cap

O-ring Seal

Screen
Support

Screen

*Fill Flow Plug

Nozzle/Venturi
      and Gasket

*Brine Flow Plug

Cone Screen

Ferrule Nut

Nozzle/Venturi Body
O-ring Seals

*Install with numbered side up, concave side down.

(Continued Next Page)
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Valve Assembly

The timer energizes the drive motor that turns the cam and gear. The position switch opens and closes as it 
drops into the notches of the cam. The switch signals to the timer what stage of the regeneration cycle the 
softener is in. The cam and gear turn the rotor and disc that directs the water. The rotor and disc ride on the 
rotor seal and wear strip, the nozzle/venturi seal, and the drain seal. The rinse fl ow control plug is located in 
the drain nozzle, and it restricts the backwash and fast rinse fl ow to the drain.

*Note: Rotor seal kit consists of wear strip, rotor seal, drain seal, and nozzle/venturi seal.

Cross-section 
View 

Seal 

Wear Strip 

Motor assembly

Position switch

Cam and gear

Rotor and disc

Rinse flow control plug

Drain seal

Drain nozzle

Nozzle/Venturi seal

*Rotor seal kit

Rotor seal

(Continued Next Page)
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                      1” Single Rotor Valve 

  1                  2           3

      1" Single Rotor Valve

Turbine Sensor

The turbine sensor, located in the outlet of the valve body, consists of:

1. Sensor Housing

2. Turbine

3. Turbine Support

The sensor housing is a small, electronic circuit board that fi ts into a dry well located in the outlet of the 
valve body. It connects to the electronic demand timer by a wiring harness. As the water fl ows to service 
the house lines, the turbine spins on the turbine support located in the outlet. There are 2 small, round 
magnets located in the turbine. As the turbine spins, the magnets pass the sensor housing, which counts 
the revolutions of the magnets and transfers the meter count information to the timer. The timer computes 
the meter count into gallons and uses the information to calculate capacity and forecast upcoming water 
usage.

 
  ¾” Single Rotor Disc Valve            3/4" Single Rotor Valve

      1               2           3
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Installation Instructions
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Illustrated Parts List

Model GXFS30V

(Continued Next Page)
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Cross-section 
View 

Seal 

Wear Strip 
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Cross-section 
View 

Seal 

Wear Strip 
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How Water Softeners Operate

Service Cycle

Hard water enters the valve inlet port. Internal 
valve porting routes the water down and out the 
top distributor, into the resin tank. Hard water is 
softened as it passes through the resin bed, then 
enters the bottom distributor. Soft water fl ows back 
into the valve and out the valve outlet, to the house 
soft water pipes.

Fill Cycle

To begin a regeneration, the electronic controller 
energizes the circuit to the valve motor. The valve 
motor rotates the rotor and disc and the valve 
cam until the position switch lever drops, to open 
the motor circuit and position the valve in FILL. As 
the rotor and disc rotates, the port opens for SOFT 
water fl ow through the venturi. Fill fl ow continues to 
the brine valve, and into the salt storage tank. Soft 
water is still available to the house lines.

Water Flow through the

Rotary Valve in SERVICE

Soft Water

to Valve Outlet

Bottom

Distributor

Hard Water

From Valve Inlet

Top Distributor

Resin Tank

Valve Cam

Position

Switch

S

Water Flow through the

Rotary Valve in FILL

Soft Water

to Valve Outlet

Bottom

Distributor

Hard Water

From Valve Inlet

Top Distributor

Resin Tank

Valve Cam

Position

Switch

F

Soft

Fill Water

Fill

Flow Plug

Position Switch

Rotor & Disc

Valve Cam
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Brining and Brine Rinse Cycles

After fi ll, controller/switch action allows the motor to 
turn the rotor and disc into BRINING position. Water 
fl ow is directed to the nozzle. Suction, created by 
the nozzle and venturi, draws brine from the salt 
storage tank and injects it into the resin bed via 
the bottom distributor. Flow continues out the top 
distributor and to the drain. Hard water is available 
at the valve outlet.

When the brine valve closes to end brine draw, 
water fl ow continues in the same directions to 
slowly RINSE brine from the resin bed and to the drain.

Backwash Cycle

Controller/switch action again allows the motor 
to turn the rotor and disc to place the valve in 
BACKWASH, stopping water fl ow to the nozzle. Water 
is routed down and out the bottom distributor, up 
through the bed, and out the top distributor to the 
drain. The fast fl ow (controlled by a fl ow plug in the 
drain fi tting) fl ushes dirt, sediments, iron deposits, 
remaining brine and hardness to the drain.

Fast Rinse Cycle

During FAST RINSE the rotor and disc are positioned 
so water enters the resin tank through the top 
distributor and exits through the bottom distributor 
to the drain.

The electronic controller again energizes the motor 
to return the valve to SERVICE. As the valve rotates, 
the position switch lever drops to open the circuit. 
The valve remains positioned in service until the 
electric controller initiates the next regeneration.

Water Flow through the

Rotary Valve in

BRINING & BRINE RINSE

Bypass Hard

Water to

Valve Outlet

Hard Water

From Valve Inlet

Drain

Valve Cam

Position

Switch

BR

Brine from

Salt Stor-

age Tank

Nozzle

Venturi

Water Flow through the

Rotary Valve in BACKWASH

Bypass Hard

Water to

Valve Outlet

Drain

Valve Cam

Position

Switch

BW

Flow Plug

Water Flow through the

Rotary Valve in FAST RINSE
Valve Cam

Position

Switch

R

Soft Water

to Valve Outlet

Drain
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Component Views

(Continued Next Page)

Turbine Sensor

Nozzle/Venturi 
Assembly

Valve Assembly

Motor Assembly

Cam Position Switch

Top Rear View

(Shown with top cover removed)
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Brine Well

Brine Tank

Resin Tank

Electronic Demand 
Timer

Top Front View

Brine Valve Assembly
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Operating the Water Softener

When the transformer is plugged into an electrical outlet, a model code and test number are shown in the 
display (example: J3.4 & H45). Then, 12:00 PM begins to fl ash. An arrow      is displayed next to Clock on the 
face plate decal.

 Set Time of Day

1. Press Mode/Set button until the arrow      points 
to Clock.

2. Press the UP       or DOWN        button to set 
the present time. UP moves the display ahead; 
DOWN sets the time back. Be sure to correctly 
set AM or PM.     
       
       
       
 

Note: Press and quickly release buttons to slowly 
advance the display one number at a time. Hold the 
buttons down for fast advance.

3. When the correct time is shown in the display, 
press Mode/Set to accept.

Salt Level
Clock

Hardness
Recharge

PM

 Control Operation

• Control settings required upon initial installation 
and after an extended power outage.

• Use the Mode/Set button to scroll arrow to 
desired control function set.

• After the mode is selected, use the UP       and 
DOWN        buttons to change the settings of the 
control.

• Press the Mode/Set button to accept changes.

• A beep sounds while pressing buttons for control 
programming. One beep signals a change in 
the control display. Repeated beeps mean 
the control will not accept a change from the 
button you have pressed, and you should select 
another button.

GXSH40V
GXSH45V

GXSF30V



– 37 –

 Set Recharge (Starting) Time

1. Press the Mode/Set button until the arrow   
points to Recharge.    
       
       
       
       
  

Note: A fl ashing 2:00 AM (factory default) should 
show in the display. This is a good time for recharge 
to start (it takes about 2 hours) in most households 
because water is not in use. Hard water is bypassed 
to house faucets during recharge.

If no change is needed, go to step 3. To change the 
recharge starting time, follow step 2.

2. Press the UP       or DOWN       button to set the 
desired recharge start time. Be sure to correctly 
set the AM or PM.

3. Press the Mode/Set button to accept.

Salt Level
Clock

Hardness
Recharge

AM

 Set Water Hardness

1. Press the Mode/Set button until the arrow
       points to Hardness. A fl ashing 25 appears   
       in the display.     
       
       
       
 

2. Press the UP       or DOWN        button to set your 
water hardness number.

Note: If your water supply contains iron, 
compensate for it by adding to the water hardness 
number. For example, assume your water is 20 gpg 
hard and contains 2 ppm iron. Add 5 to the hardness 
number for each 1 ppm of iron. In this example, you 
would use 30 for your hardness number.

                                      20 gpg hardness
2 ppm iron x 5 = 10 +10
   (times)          30 HARDNESS NUMBER 

3. When the display shows your water hardness (in 
grains per gallon), press Mode/Set to accept.

Note: You can get the grains per gallon (gpg) 
hardness of your water supply from a water 
analysis laboratory. If you use a municipal supply, 
call your local water department. Or call Legend 
Technical Services, an independent laboratory, to 
request a water hardness test kit at 1-800-949-
8220, option 4.

If your report shows hardness in parts per million 
(ppm) or milligrams per liter (mg/l), simply divide 
by 17.1 to get the equivalent number of grains per 
gallon. 

Salt Level
Clock

Hardness
Recharge

 Start a Recharge

Press the Recharge button and hold for 3 seconds 
until Recharge Now begins to fl ash in the display, 
starting a recharge. This recharge draws the 
sanitizing bleach into and thru the water softener. 
Any air remaining in the water softener is purged 
to the drain. During this time, periodically check for 
leaks.

Note: As with all other water system applications, 
leaks may occur. Leaks may not be immediately 
apparent. Recheck 24 hours after fi rst recharge 
cycle is complete.
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 Days to Empty

The words Days to Empty and a number are shown 
in the lower half of the display. This information is 
shown in the normal run display and informs the 
user of the number of days before the salt level in 
the brine tank reaches Level 0. Salt will be left in 
the salt tank, but it may not be suffi cient to fully 
recharge the system. Salt should be added at this 
time to avoid hard water. The Days to Empty value 
is updated daily and whenever the Salt Level value 
is changed.

AM

Days to Empty

Note: For the fi rst several weeks of operation, Days 
to Empty function may provide erratic operation. 
For example, the blue indicator light may fl ash, 
showing that more salt is required when the actual 
salt level in the tank is well above the Level 0. In 
some cases, the Days to Empty value may even 
increase over a several week period.

It takes a couple of months for the water softener 
to learn the water usage pattern. Once it does this, 
it will accurately determine the actual salt usage 
pattern. During this initial period of time, check the 
salt level when the blue indicator light fl ashes. If the 
Salt Level in the tank is at Level 1 or above, allow 
the system to run. Be sure to reset the Salt Level 
indicator each time salt is added to the system.

 Set Salt Level

1. Press the Mode/Set button until the arrow            
points to Salt Level.    
       
       
       
      
 

2. Determine the level of salt in the brine tank 
using the yellow indicator on the side of the 
brine well inside the brine tank. (See Figure 15.)

3. Press the UP       or DOWN        button to set 
the Salt Level to correspond to the level on the 
yellow indicator in the brine tank.   
       
       
       
       
   

Note: Each press of the button changes the level by 
increments of 0.5, up to 8.0. Lowering the salt level 
to below zero turns the Salt Level indicator Off.

4. Press the Mode/Set button to accept. The 
display shows the current time of day and Days 
to Empty.

Salt Level
Clock

Hardness
Recharge

Salt Level
Clock

Hardness
Recharge

8 

7 

6 

5 

4 

3 

2 

1 

Figure 15

PM

Days to Empty

 Resetting to Factory Default

To reset the electronic controller to its factory 
default for all settings (time, hardness, etc.):

1. Press the Mode/Set button and hold until the 
display changes twice and shows the fl ashing 
mode code.

2. Press the UP       button to display a fl ashing SoS.

3. Press the Mode/Set button, and the electronic 
controller restarts.

4. Set the present time, hardness, etc., as described 
in the set time of day section. (See Set Time of 
Day.)
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 Optional Control Settings (GXSF30V)

The controller display has several options and 
features.

Low Salt Alarm

The Low Salt Alarm, when 
enabled, sounds the beeper 
when the Days to Empty 
value is 15 days or less. 
To change this setting, 
press and hold the Mode/
Set button for 3 seconds or until you hear a beep. 
On (factory default) or Off  fl ashes in the display. 
Press the UP        or DOWN         button to toggle this 
feature On or Off. Press the Mode/Set button to 
accept, and the display moves to Salt Effi ciency.

Salt Effi ciency

When the Salt Effi ciency 
feature is On, the unit  
operates at a salt effi ciency 
of 4,000 grains of hardness 
removed per pound of salt. 
This mode of operation is the 
most effi cient setting for salt usage, because the 
system will tend to recharge more often, with less 
salt usage. Turning the feature Off tends to lengthen 
the time between recharge cycles, which will 
provide the most effi cient usage of water, but may 
use more salt. The degree of difference between 
these two cycles is highly dependent on the water 
usage and hardness at a particular installation.

Note: California Regulations require this feature to 
be On for installations in California.

To access the Salt Effi ciency feature, press and hold 
the Mode/Set button for 3 seconds. The System 
Diagnostics display appears.

Press the Mode/Set button again and the Salt 
Effi ciency display appears.

To change the setting, press the UP       or DOWN        
button to toggle the feature On or Off. Press the 
Mode/Set button to accept.

e

Backwash and Fast Rinse 

If you experience salty tasting water after 
regeneration, you may need to increase the 
Backwash and Fast Rinse times. The cycle times 
during regenerations are determined by the 
softener’s electronic controller. However, you may 
increase the Backwash and Fast Rinse times up to 
10 additional minutes.

For Backwash, you can add up to 10 minutes in 1- 
minute increments by pressing 
the UP       button or subtract 
time by pressing the DOWN        
button.

For Fast Rinse, press Mode/Set, 
and the display moves to the 
Add Fast Rinse time screen. You 
can add up to 10 minutes in 1- 
minute increments by pressing 
the UP       button or subtract time 
by pressing the DOWN       button. 
Press the Mode/Set button to accept, and the 
display moves to the Run Display screen.

 

 

(Continued Next Page)

 Optional Control Settings (GXSH40V, GXSH45V)

The controller display has several options and 
features.

Low Salt Alarm

The Low Salt Alarm, when 
enabled, sounds the beeper
when the Days to Empty value
is 15 days or less. To change this 
setting, press and hold the Mode/Set button for 
3 seconds or until you hear a beep. On (factory 
default) or Off fl ashes in the display. Press the UP       
or DOWN        button to toggle this feature On or 
Off. Press the Mode/Set button to 
accept, and the display moves to 
the Prerinse On/Off screen. Press 
the UP       or DOWN        button to 
turn Prerinse On or Off.

Prerinse
If your water contains sediment, 
the prerinse feature will remove 
sediment from the resin bed prior 
to regeneration.

Press the Mode/Set button, and the display moves 
to the Prerinse Time mode. On this screen, you 
can adjust the duration of the prerinse by pressing 
the UP       or DOWN        button. Press the Mode/
Set button to accept, and the display moves to the 
Backwash screen.
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 Other Data Display (GXSH40V, GXSH45V)

These models have an option to have the run 
display indicate different information. The 
information displayed on the top half of the display 
can be changed to one of the following by pressing 
UP       or DOWN       button:

• Capacity Remaining

This is the percentage of water softening capacity 
remaining. Immediately 
after a regeneration, 100% 
shows. As water is used, the 
percentage will decrease until 
the next regeneration. During 
regenerations, the percentage 
increments upward.

• When present time is displayed, press the 
DOWN        button; % Remaining appears on 
the display. The value shown is between 0 and 
100 percent and is based on current operating 
capacity. Pressing the UP       button returns the 
screen to the previous display.

• Average Daily Gallons

The fi gure displayed is the 
average gallons of water used 
by the household each day over 
the past 7-day period.

• Press the DOWN       button again to display 
Average Daily Gallons. This value is updated 
every night at midnight. Pressing the UP     
button returns the screen to the previous 
display.

• Flow Rate, GPM

When using soft water, this 
display shows the fl ow rate 
passing thru the softener (in 
gallons per minute). Zero shows 
if water is not passing thru the 
softener.

• Press the DOWN       button again to display the 
fl ow rate. Gallons/Min appears on the display. 
This value is updated every 1/2 second. Pressing 
the UP       button returns the screen to the 
previous display. Pressing the DOWN        button 
returns the screen to the time display.

Days to Empty

Recharge
Tonight

% Remaining

Days to Empty

Recharge
Tonight

Average Daily
Gallons

Days to Empty

Gallons/Min

 Blue Indicator Light

A steady blue light indicates that the unit is working 
correctly. The light fl ashes when the unit needs 
attention from the user.

The light also fl ashes when power to the unit has 
been interrupted. Check the present time setting.

• Light fl ashes and Days to Empty fl ashes – 
check salt level and add salt as required.

• Light fl ashes and Err is displayed – electrical 
supply problem with system.

 Low Salt Signal

When Days to Empty drops to 15, the blue indicator 
light and Days to Empty on the display fl ashes 
every second and the alarm beeps every 30 
seconds (from 8:00 AM to 8:00 PM) to notify the user 
that the unit is running low on salt. As soon as any 
button is pressed, the alarm stops beeping but the 
blue indicator light and Days to Empty continue to 
fl ash. Once salt is added to the brine tank and the 
Salt Level is reset, Days to Empty is reset.

Salt Saver

When this feature is On, the water softener operates 
at salt effi ciencies of 4,000 grains of hardness per 
pound of salt or higher (it may be recharged more 
often using a smaller salt dosage and less water). 
The softener is shipped with this feature Off.

In the state of California: You must turn the Salt 
Saver feature On, which may initiate more frequent 
recharges.

To turn Salt Saver On:

Press the Salt Saver button once until 
the blue status light above the button 
is On.
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 Power Outage Memory

If electrical power to the water softener is lost, 
memory built into the timer circuitry keeps all 
settings for up to 24 hours. While the power is out, 
the display is blank, and the water softener does not 
regenerate.

When electrical power is restored, reset the present 
time only if the display is fl ashing. The Hardness 
and Recharge Time never require resetting unless 
a change is desired. Even if the clock is incorrect 
after a long power outage, the softener operates 
as it should to keep your water soft. However, 
regenerations may occur at the wrong time of day 
until you reset the clock to the correct time of day.

Note: If the water softener was regenerating when 
power was lost, it will now fi nish the cycle.

 Error Signals

If there is an error code 
detected, the blue indicator 
light fl ashes 4 times every 
second, the display fl ashes 
Err, and the alarm beeps 
every 30 seconds (from 8:00 
AM to 8:00 PM) to signal that the softener requires 
service. The alarm can be turned off by pressing 
any button, but the blue indicator light and display 
continue to fl ash.

Disconnect the transformer from the wall outlet 
momentarily, then plug it back in. The normal 
display appears. The motor may run for several 
minutes as the unit resets. If the problem is not 
corrected, the error code will reappear in 8 minutes. 
(See Troubleshooting.)

Call for Service
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Control Board Connector Locator View

T1

J3

J1

T1 - Direct Plug-in Transformer

J3 - 24 VDC Motor

J1 - Cam Position Switch and Turbine Sensor
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Product Disassembly

 Electronic Demand Timer

The electronic demand timer has an electronic 
control, an LCD display, a series of buttons, and a 
turbine assembly. The turbine assembly meters 
water usage. Hardness setting and regeneration 
time are programmable. The amount of water 
used and the hardness setting determine the 
regeneration days.

To remove the electronic demand timer:

1. Use a fl at blade screwdriver to pry the 2 
electronic demand timer tabs (1 not shown) off 
the water softener body.

Tab

Note: When installing the electronic demand timer, 
insert the 3 tabs into the faceplate support.

Tab Tab Tab

2. Disconnect the 2 wire harnesses and 2 wires 
from the control board.

Caution: Before any disassembly is started: 

• Put the unit in bypass, 
• Disconnect all power from the unit, 
• Remove the top cover, 
• Open the salt hole cover.

Disconnect 
Transformer 
Connections

Disconnect 
Turbine/Cam 

Switch

Disconnect 
DC Motor

Control Board 
Release Tab
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3. Disconnect the connector from the cam position 
switch. (See below.)

Disconnect

Disconnect

 Nozzle/Venturi Assembly

To remove the nozzle/venturi assembly:

1. Pull the retainer out of the valve and remove the 
nozzle/venturi assembly.

Venturi 
Housing Cap

2. Remove the brine hose ferrule nut from 
the nozzle/venturi body by turning it 
counterclockwise.

3. Remove the nozzle/venturi body cap by turning 
it counterclockwise.

Caution: When installing the nozzle/venturi 
assembly, insure the 3 O-rings are in place.

Note: Further disassembly is required for cleaning. 
(See Cleaning the Nozzle and Venturi Assembly.)

O-ring

O-ring

O-ring

 Turbine Sensor

To remove the turbine sensor:

1. Disconnect the turbine sensor/cam position 
switch wire harness from the control board. (See 
Electronic Demand Timer.)

2. Disengage the 2 tabs (1 not shown) holding the 
turbine sensor to the valve.

Tab

Turbine 
Sensor

Retainer

Ferrule Nut
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 Motor Assembly

To remove the motor assembly:

1. Disconnect the motor assembly wiring harness.

2. Remove the 2 Phillips-head screws holding the 
motor assembly to the valve.

3. Lift the motor assembly off the cam gear.

Disconnect

Motor 
Assembly

 Cam Position Switch

To remove the cam position switch:

1. Remove the motor assembly. (See Motor 
Assembly.)

2. Remove the 3 Phillips-head screws and the 
motor plate.

4. Remove the 2 Phillips-head screws and the cam 
position switch.

Motor 
Plate

Cam Position 
Switch

3. Disconnect the 2 wires from the cam position 
switch.

Disconnect

Disconnect
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 Valve Assembly

To remove the valve assembly:

1. Remove the turbine sensor from the valve. (See 
Turbine Sensor, step 2.)

2. Remove the nozzle/venturi assembly from the 
valve. (See Nozzle/Venturi Assembly.)

3. Remove the motor plate. (See Cam Position 
Switch, steps 1–3.)

4. Rotate the clamp assembly to ease removal.

5. Release the valve assembly clamp by pulling 
the 2 retainers out and off the clamp ends (1 on 
each side).

6. Pull the valve assembly off the resin tank.

Shown with 
Retainer Clamp Removed

 Brine Valve Assembly

To remove the brine valve assembly:

1. Remove the brine hose ferrule nut from the 
nozzle/venturi body. (See Nozzle/Venturi 
Assembly, steps 1 and 2.)

Note: The brine hose must be cut straight. The 
ferrule nut slides easily in only 1 direction and will 
not slide off the end of the brine hose.

2. Note how far the brine hose is pushed thru the 
ferrule nut. Cut the end of the brine hose and 
push the ferrule nut off it .

Brinewell Cover

Tab

3. Press the brinewell cover tab and remove the 
brinewell cover from the brinewell.

(Continued Next Page)
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 Resin Tank

Caution: Remove all water from the unit.

To remove the resin tank:

1. Remove the valve assembly. (See Valve 
Assembly.)

2. Release the 3 tabs and remove the faceplate 
support with the salt hole cover.

4. Release the brine hose from the top of the 
brinewell and pull the brine valve assembly out 
of the brinewell.

3. Insert a fl at blade screwdriver in each of the 6 
slots between the brine tank rim and the tab on 
the salt storage tank. 

4. Rotate the screwdriver to release the tabs and 
remove the rim from the brine tank.

TabTab

Tab

Tab Tab Tab

Tab
Tab Tab

Caution: Use a protective surface to prevent 
scratching the fl oor or the water softener in the next 
step.

5. Lay the water softener on its back and pull the 
resin tank out of the brine tank.

Resin Tank

Brine Hose

Brine Valve 
Assembly
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Troubleshooting

(Continued Next Page)

Problem Possible Cause What to do
No soft water The faucet or fi xture where 

sample was taken is not 
plumbed to soft water. 

Note: Be sure the sample is 
from a faucet that does not 
mix soft and hard water. For 
example, as with a single lever 
kitchen faucet, if the cold side is 
plumbed to hard water.

To conserve salt, the installer may 
have isolated some fi xtures (outside 
faucets, toilets, etc.) from soft water. 
From the outlet of the water softening 
system, trace the water fl ow path 
in the house plumbing. If soft water 
is not directed to a faucet or fi xture 
where it is wanted, consult a plumber.

There is no salt in the brine tank 
or there is a  salt bridge.

Check for a salt bridge or, if the tank is 
empty refi ll with recommended salt. 
Press for 3 seconds the Recharge 
button to start an immediate 
recharge and restore soft water 
supply.

The external power supply is 
unplugged at the wall outlet or 
the power cable to the softener 
is not connected. The fuse is 
blown or the circuit breaker 
tripped on the circuit to the  
electrical outlet. The electrical 
outlet is on a circuit that can 
continuously be switched off.

Check for a loss of electrical power to 
the water softening system, due to 
any of these conditions, and correct 
as needed. With the power supply 
restored, observe the faceplate time 
display and read Operating the Water 
Softener.

Note: The electrical outlet for the 
softener should be live so it cannot 
accidentally be switched off.

The manual bypass valve is in 
the bypass position.

Be sure the bypass valve stem is 
positioned properly, with the handle 
in the OUT position.

The blending valve is in the open 
position.

Turn blending valve clockwise to the 
closed position.

The drain valve hose is pinched, 
plugged, elevated too high, or 
otherwise restricted.

Any restriction in the drain hose 
may prevent proper operation of the 
nozzle and venturi and reduce or 
prevent brine draw during recharge.

The nozzle and venturi are 
dirty, incorrectly assembled, or 
damaged.

Refer to Cleaning the Nozzle and 
Venturi Assembly instructions. With 
water pressure to the water softening 
system off, take the nozzle assembly 
apart. Inspect, clean, and replace 
as needed. Any foreign particle(s), 
scratches, nicks, etc., in the passages 
can prevent operation. Be sure the 
holes in the gasket are centered over 
the holes in the housing.
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Problem Possible Cause What to do
Water is hard sometimes. Using hot water while the water 

softening system is regenerating.
Avoid using hot water during 
water softening system recharge 
because the water heater will refi ll 
with hard water. See Water Flow.

The electronic control Hardness 
number is set too low.

Press Mode/Set button until 
arrow points to Hardness. Be sure 
the number shown is the same 
as the actual grains per gallon 
hardness of your water supply. 
(See Operating the Water Softener if 
a change in setting is needed.)

The grains of hardness in the  
water supply have increased.

Water hardness can change over 
time, especially in well water. To 
check, have the water tested by 
a water analysis laboratory or 
call your local water department. 
Adjust the Hardness number 
setting as needed.

Water feels slippery after 
installation of water softener.

The absence of hardness minerals This is normal. Hardness in water 
gives it the abrasive feel you 
may have been accustomed to. 
The slippery feel is the clean feel 
of soft water. (See Operating the 
Water Softener.)

Water Softener is not using any 
salt.

The water softening system is a 
demand unit.

The system is very effi cient  
and does not use much salt to 
regenerate.

Possible salt bridge See Breaking a Salt Bridge.

Possible plugged nozzle and 
venturi

See Cleaning the Nozzle and Venturi 
Assembly.

Water is blue in color after water 
softener is installed.

Acidic water in copper plumbing Have the water tested at once.

Water softener is not 
regenerating.

Meter turbine is stuck. See Automatic Electronic 
Diagnostics section for Manual 
Initiated Electronics Diagnostics 
procedure.

Sensor wire not plugged into the 
control.

See Automatic Electronic 
Diagnostics section for Manual 
Initiated Electronics Diagnostics 
procedure.

No power to unit Check the circuit breaker or fuses.
Mechanical defect Service is required.

(Continued Next Page)
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Problem Possible cause What to do
Cloudiness on glassware 
(automatic dishwashers)

The combination of soft water and 
too much detergent

This is called etching and is 
permanent. To prevent this from 
happening, use less detergent 
if you have soft water. Wash 
glassware in the shortest cycle 
that will get them clean.

Excessive/high level of water in 
brine tank

The drain valve hose is pinched, 
plugged, elevated too high, or 
otherwise restricted.

A restriction in this drain hose 
may prevent proper operation of 
the nozzle and venturi and reduce 
or prevent brine draw during 
recharge.

The nozzle and venturi are 
dirty, incorrectly assembled, or 
damaged.

Refer to Cleaning the Nozzle and 
Venturi Assembly instructions. 
With water pressure to the water 
softening system off, disassemble 
the nozzle assembly. Inspect, 
clean, and replace as needed. Any 
foreign particle(s), scratches, nicks, 
etc., in the passages can prevent 
operation. Be sure the holes in the 
gasket are centered over the holes 
in the housing.

Salty tasting or brown/yellow 
colored water after installation

Unit is not sanitized. Complete Sanitization Procedure.

At completion of recharge cycle 
(about 2 hours), run water from 
faucets to purge the salty water.

Low water pressure Check pressure:

Drain height 8 feet or less, 
pressure should be a minimum of 
20 psi.

Drain height above 8 feet, 
pressure should be a minimum of 
50 psi.

Restricted drain hose Clean and reconnect drain hose. 
Check for kinks in drain line.

Brown/yellow colored water Unit was idle for a period of time. Complete the Sanitization 
Procedures.

Resin beads showing up in 
drinking water

Cracked distributor Check that softener IN and OUT 
plumbing is correct.

Sounds you might hear. Running water from the unit into a 
drain during recharge.

This is normal.

Water has air bubbles and is 
cloudy.

Air in system after installation Will go away after water softener 
runs for a while.

(Continued Next Page)
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PROBLEM CAUSE CORRECTION
Blue light fl ashing:
When power is applied 
to the system

If Days to Empty is 
fl ashing

Control needs to be programmed (a 
power outage may have occurred).

See Operating the Water Softener.

Low salt level, less than 15 days of salt 
left.

Reset salt level and fi ll with salt.

Iron in water Has clear iron in water supply. Test the supply water for hardness 
and iron. Program the water softener 
accordingly. (See Set Water Hardness.)

Has iron in soft water.

The resin bed fouled or dirty.

Clean the resin bed with Resin Bed 
Cleaner. Follow instructions on package.

Has bacterial or organic bound iron. Problem cannot be treated by water 
softener.

Water running to the 
drain

Power loss during recharge cycle. Restore power to the electronic 
control.

Inner valve fault causing leak. Replace the seals and rotor.
Salt storage tank leak Has crack in the brine tank. Replace the salt water storage tank.
Steady beeping from 
electronic control

The electronic control board is wet. Locate and repair the source of water. 
Allow the electronic control board to 
dry for 48 hours or use blow dryer.

Error code E1, E3, or E4 
appears

Has a fault in the wiring harness or 
connections to the position switch.

Check the wiring harness and position 
switch connections and make any 
necessary repair(s).

Has a faulty position switch. Replace the position switch.
Has a fault in valve causing high 
torque.

Replace the rotor/seal kit.*

The motor is inoperative. Replace the motor.*
Error code E5 appears A electronic control board malfunction. Replace the electronic control board – 

Printed Wiring Assembly (PWA).*

* Instructions are included.

Procedure for removing error code from display:

1. Unplug transformer from electrical outlet.

2. Correct problem.

3. Plug transformer back into electrical outlet.

4. Wait 8 minutes.

Note: The error code will return if the problem was not corrected.
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 Adjusting Water Hardness (GXSH40V, GXSH45V)

The blend adjusting knob (Figure 16) provides the 
ability to fi nely adjust hardness of the treated 
water leaving the water softener. If slightly harder 
water is desired than is normally delivered by the 
water softener, the blend adjusting knob can divert 
a small stream of hard water and blend it with the 
soft water entering the home. The amount of water 
diverted is controlled by turning the blend adjusting 
knob on the end cap of the valve stem.

Caution: If the water softener is to be serviced or 
disconnected from the bypass valve, to prevent water 
leaking from the softener valve inlet of the bypass, 
the blend adjusting knob must be turned all the way 
clockwise to close the diversion path.

Note: To get full performance from your water softener, 
leave blending valve in the factory closed position.

To make adjustments to water hardness:

1. Hold bypass handle to keep the valve stem from 
rotating (See Figure 16). Loosen hex nut on blend 
adjustment knob by turning it counterclockwise.

2. To Increase Hardness: With the bypass handle 
in the service position (see Figure 16), hold it 
to keep the valve stem from rotating and turn 
the blend adjusting knob counterclockwise 
up to two turns from the closed position. It is 
recommended that adjustments be made in 
quarter turn increments over several weeks until 
the desired hardness is achieved.

Note: Once an adjustment is made to the blend 
adjusting valve knob, the change in water hardness 
at the homes faucets or shower heads may take 
several days to be noticed. This delay is due to the 
large amounts of already conditioned water in the 
pipes and the water heater that must be exchanged 
before a change in hardness can be noticed. Have 
the water tested to determine the actual water 
hardness.

3. To Decrease Hardness: With the bypass handle 
in the service position (see Figure 16), hold it to 
keep the valve stem from rotating and turn the 
blend adjusting knob clockwise. When the knob 
will not turn anymore, hard water is no longer 
being blended into the soft water.

Bypass Position

           Service Position
(Normal Softener Operation)

Figure 16

4. Once the desired hardness is achieved, tighten 
the hex nut clockwise until it comes in contact 
with the bypass handle stem. (See Figure 16.)

Note: To meet the water softener performance 
specifi cations and reduction of barium and radium 
claims, the blending valve must be kept in the OFF 
position. The off position is achieved when the blend 
adjusting knob is fully rotated clockwise until it 
stops.
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 Cleaning the Nozzle and Venturi Assembly

A clean nozzle and venturi assembly is needed for 
the water softening system to work properly. This 
small unit makes the suction to move brine from the 
salt storage area to the resin tank during recharge. 
If it becomes plugged with sand, dirt, etc., the water 
softening system will not work, and you will get 
hard water.

To access the nozzle and venturi assembly, remove 
the top cover of the water softening system. Be sure 
the water softening system is in service cycle (no 
water pressure at nozzle and venturi). Then, while 
holding the nozzle and venturi housing with one 
hand, remove the cap. Lift the screen support and 
screen out, then the nozzle and venturi. Wash and 
rinse the parts in warm water until clean. If needed, 
use a small brush to remove iron or dirt. Also, ensure 
that the gasket is clean.

Note: Some models have a small fl ow plug located 
in the nozzle and venturi assembly and/or a small 
cone shaped screen in the housing. Check these 
parts to be certain that they are clean, if your model 
is so equipped.

Carefully replace all parts in the correct order. 
Lightly lubricate the O-ring seal with clean silicone 
grease or petroleum jelly and place in position. 
Install and tighten the cap by hand only. Do not 
overtighten the cap.

 Breaking a Salt Bridge

Sometimes, a hard crust or salt bridge forms in 
the salt storage area. It is usually caused by high 
humidity or the wrong kind of salt. When the salt 
bridges, an empty space forms between the water 
and salt, preventing the salt from dissolving in the 
water to make brine.

If the brine tank is full of salt, it is hard to tell if there 
is a salt bridge. Salt will be loose on top, but the 
bridge is under it . The following is the way to check 
for a salt bridge.

Salt should be loose all the way to the bottom of 
the tank. Take a broom handle, or a like tool, and 
carefully push it down into the salt, working it up 
and down. If the tool strikes a hard object (be sure 
it’s not the bottom or sides of the tank), it’s most 
likely a salt bridge. Carefully break the bridge with 
the tool.

Note: Do not pound on the tank walls.

If the wrong kind of salt made the bridge, remove it, 
then fi ll the tank with nugget or pellet salt only. In 
humid areas, it is best to use less salt more often to 
prevent a salt bridge from forming.

Push tool into salt
bridge to break

1”- 2”

Pencil
mark

Broom
handle

Salt

Salt
bridge

Cap

O-ring seal

Screen

Screen
support

*Flow plug

Nozzle and
       Venturi
        Gasket

*Flow
  plug

Ferrule nut

Screen
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 Automatic Electronic Diagnostics

This water softener has a 
self-diagnostic function for 
the electrical system (except    
the power supply and/or 
water meter function). The 
water softener monitors 
electronic components and circuits for correct 
operation. If a malfunction occurs, an error code 
appears in the display.

When an error code appears in the display, all 
buttons are inoperable except the Program button. 
Program remains operational so the Manual 
Advanced Diagnostics can be performed. (See 
below to further isolate the problem.)

Procedure for removing error code from display:

1. Unplug transformer from electrical outlet.

2. Correct problem.

3. Plug in transformer.

4. Wait 8 minutes. The error code will return if the 
problem was not corrected.

Manually Initiated Electronic Diagnostics

Use the following procedure to advance the water 
softener thru the regeneration cycles to check 
operation.

Lift off the salt hole cover and remove the top cover 
by unlocking the tabs in the back and rocking 
forward to observe the cam and switch operation 
during valve rotation.

1. Press and hold Mode/Set for 3 seconds until the 
set Low Salt Alarm display appears. Next press 
the Mode/Set button 5 addition times until 000 
shows in the display, then release. (See Figure 
19.)

2. The 3 digits 
indicate 
water meter 
operation, as 
follows: If you 
do not get a 
reading on 
the display, 
with faucet 
open, pull the 
sensor from 
the valve outlet port. Pass a small magnet back 
and forth in front of the sensor. You should get 
a reading in the display. If you get a reading, 
shut off water supply, unhook the in and out 
plumbing, and check the turbine for binding.

Call for Service

3. The symbols in the display indicate position 
switch operation. (See Figure 19.)   

Use Recharge button to manually advance the 
valve into each cycle and check correct switch 
operation.

Note: Be sure water is in contact with salt and not 
separated by a salt bridge (See Breaking a Salt 
Bridge.)

4. While in this diagnostic screen, the following 
information is available and may be benefi cial for 
various reasons. This information is retained by 
the computer after the fi rst time electrical power 
is applied to the electronic controller.

5. a. Press the UP       button to display the               
    number of days this electronic control has      
    had electrical power applied.

       b. Press the DOWN       button to display the      
           number of regenerations initiated by the   
           electronic control since the model code     
           number was entered.

6. Press and hold the Mode/Set button until the 
model code (H40 for GXSH40V, H45 for GXSH45V)
or F30 for GXSF30V) shows in the display. This code 
identifies the softener 
mode. If an incorrect 
model code is displayed, 
the softener will operate 
on incorrect confi guration 
data.

Figure 19

7.   To change the number, press the UP       or     
      DOWN       button until the correct code shows.

8.   To return to the present time display, press the  
      Mode/Set button. If the code was changed,   
      make all the operation control settings. (See  
      Operating the Water Softener.)

Note: Present time automatically will return if a 
button is not pressed within 2 minutes when setting 
times or hardness.
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 Salt and Additives

Recommended Salt

Nugget, pellet, button, coarse solar, etc., are 
recommended for water conditioner salt. These 
types of salt are of high quality evaporated crystals 
with less than 1 percent insoluble impurities. 
Insoluble impurities are those that will not dissolve. 
Clean, high-grade rock salt is also acceptable but 
may require frequent brine tank cleaning to remove 
the insoluble sludge residue.

Poor Quality Salt

Rock salt, block, granulated, table, ice melting, 
ice cream making salts, etc., are low-quality salts.  
These types of salts can foul the brining system and 
are not recommended for water softener use.

Salt With Iron Removing Additives

Salt that contains iron removing additives (sodium 
hydrosulfi te) should not be used in GE water 
softeners. Although this additive may help keep 
the resin bed clean, it may also release corrosive 
fumes that will weaken and shorten the life of some 
softener parts and the electronic control.

Resin Bed Cleaner/Iron Out Products

Resin bed cleaner (sodium hydrosulfi te or citric acid) 
or an Iron Out product is recommended if the water 
supply contains low to medium levels of iron. If iron 
reappears in water supply, the cleaner should be 
used every 6 months or more.

• Follow directions on the container.

• Pour into brine well.

• Regenerate immediately.

 Brine Tank Buildup

The impurities contained in salt (dirt, starch, etc.) 
form a layer of sludge in the brine tank that can 
aspirate up into the nozzle/venturi during the brine 
cycle. To prevent this from happening, clean the salt 
storage tank once a year.

• Empty the salt.

• Scrub and rinse the brine tank.

• Remove, dissemble, and clean the nozzle/venturi 
assembly.

• Remove, dissemble, and clean the brine 
assembly.

• Refi ll the unit with new salt (80 to 120 lbs).

• Add 2 gallons of water and regenerate the unit.

 Manually Advance Recharge Check

Note: The control display must show a steady time 
(not fl ashing).

1. Press the Recharge button and hold it in for 
3 seconds. Recharge begins to fl ash as the 
water softening system enters the fi ll cycle of 
recharge. Remove the brine well cover and, 
using a fl ashlight, observe fi ll water entering the 
brine tank. If water does not enter the tank, look 
for an obstructed nozzle, venturi, fi ll fl ow plug, or 
brine tubing.

2. After observing fi ll, press the Recharge button to 
move the water softening system into brining. 
A slow fl ow of water to the drain will begin. 
Verify brine draw from the brine tank by shining 
a fl ashlight into the brine well and observing 
a noticeable drop in the liquid level over an 
extended period of time (up to 20 minutes).

Note: Be sure a salt bridge is not preventing water 
from contacting salt. (See Breaking a Salt Bridge.)

If the water softening system does not draw brine, 
check for the following:

• Dirty or defective nozzle and/or venturi seal

• Nozzle and venturi not seated properly on 
gasket

• Other inner valve defect (rotor seal, rotor and 
disc, wave washer, etc.)

• Restricted drain (check drain fi tting and hose)

Note: If water system pressure is low, an elevated 
drain hose may cause back pressure, stopping brine 
draw.

3. Press the Recharge button again to move the 
water softening system into backwash. Look 
for a fast fl ow of water from the drain hose. A 
slow fl ow indicates a plugged top distributor, 
backwash fl ow plug, or drain hose.

4. Press the Recharge button to move the water 
softening system into fast rinse. Look for a fast 
drain fl ow. Allow the water softening system to 
rinse for a few minutes to fl ush out any brine 
that may remain in the resin tank from the 
brining cycle test.

5. To return the water softening system to service, 
press the Recharge button.
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 Flooded Brine Tank

Possible causes for standing water in the brine tank: 

• The brine valve assembly can aspirate the layer 
of dirt and sludge left behind from the salt in 
the brine tank into the nozzle/venturi assembly 
during the brine cycle. If this occurs, disassemble 
the brining system, nozzle/venturi assembly, and 
screens. Clean with water and reassemble.

• The fl oat rod and stem on the brine valve 
assembly is seated up against the guide cap, 
cutting off water fl ow to and from the brine 
tank. Remove enough water so water level is not 
above fl oat stop. Push the fl oat rod and stem  
down at guide cap. Float rod and stem should 
be able to freely move up and down about 1/4 
inch when in service.

• The drain line might be constricted, clogged, or 
blocked off, which creates backpressure within 
the valve. The backpressure forces water into 
the nozzle/venturi assembly, eliminating its 
ability to draw brine. The drain should not be 
higher than 8 feet from the ground.

• The fl oat seal must be attached to the underside 
of the fl oat. If it breaks away, the fl oat seal will 
cover the brine assembly opening, and brine will 
not be drawn out of the tank.

• The main seals inside the valve may be worn and 
allowing water to bleed into the nozzle/venturi 
assembly at the wrong cycle. Replace all seals at 
this time.

Determine the cause and remove excess brine from 
the brine tank. If too much brine is in the brine tank, 
the nozzle/venturi assembly may not generate enough 
vacuum to pull the brine out during the brine cycle.

 Salty Water After Regeneration

Backwash fl ow rate is controlled by water pressure.  
Water pressure is determined by the size of the 
backwash fl ow control and the size and length of 
the drain hose. If there is not enough fl ow to drain 
properly in backwash, the unit will not fl ush out 
residual iron, silt , sand, or anything else trapped in 
the upper distributor basket.

• Check amount of water to drain. In most cases, 
you should be able to fi ll a 5-gallon bucket in 
less than 1 minute. (Verify size of backwash fl ow 
control.)

• Check for obstruction in drain or backwash fl ow 
control.

 Unit Running Out of Capacity/Hardness    
 Bleed-Thru

The riser tube O-ring at the top of the riser tube can 
cause brine to bypass the resin, creating a loss of 
capacity. It may also bleed brine into the water lines 
of the house.

To test the riser O-ring seal:

1. Manually advance the valve to brine cycle.  Wait 
5 minutes and taste the water to the drain. If 
salty, the riser O-ring may not be in place.

2. Remove the C-clamps, then pull the valve off the 
mineral tank. 

3. Reposition riser O-ring to top of the riser tube. 

4. Replace valve, allowing the valve to push the    
O-ring into position.

To test resin for exchanging capability:

• Allow system to fully regenerate.

• When system has been in Fast Rinse cycle for 3 
minutes, take a sample of drain water and test 
for hardness.

 Sulfur Smell in Water

Soft water can cause a sulfur reaction with the 
anode rod of a water heater. If this occurs, check for 
smell on the hot and cold water.

If on hot side only: 

1. The anode rod is located on the top of the 
heater.  

2. Remove the tin cover and insulation.  

3. Look for a pipe plug – about 3/4-in. size with a

       1
1 ⁄16

  
-in. fi tting.      

4. Unscrew and remove what is left of a 30- to 40- 
inch long pipe.

5. Remove any part of the rod that has corroded 
off and fallen into the heater.

6. Replace with the type of anode rod (magnesium 
or aluminum alloy) that is opposite of what was 
in  the water heater or remove rod completely. 

7. Pour about 2 pints of common unscented (5.25 
percent) household bleach into the heater to kill 
any sulfate-reducing bacteria.

8. If smell returns, corroded pieces of rod are still in 
heater and must be removed.
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 Unit Passing Iron

If unit is passing iron, check the backwash rate 
for proper gpm. If OK, then the resin is iron fouled. 
Clean with a resin bed cleaner or Iron Out product 
2 or 3 times back to back. If problem persists, rebed 
mineral tank.

• Per directions on container, mix and pour into 
brine well.

• Regenerate

If the problem is bacterial iron, then shock 
chlorination is recommended. Bleach will be drawn 
into and thru the resin bed, valve, and hoses of the 
softener to sanitize it .

• Pour about 1¼ oz (per cubic foot of resin) of 
common 5.25 percent household bleach directly 
into the brine well.

• Regenerate

 Water Heater Hardness Bleed

A water heater can have a buildup of hardness 
producing a hard water bleed after a softener is 
installed. This condition appears to be a softener 
failure. To test for this condition:

• Place the softener into the fast rinse cycle. After 
3 minutes, test the drain water for hardness. 
This is water just out of the softener that has 
not gone thru any plumbing yet. If there is no 
hardness present, then there is a bleed from the 
water heater. This condition also can be found 
on the cold water side of the plumbing, but it is 
most common on the hot water side. There is no 
simple solution to correct this condition short of 
replacing the water heater.

 Sanitize the Water Softener/Sanitize        
 After Service

1. Open salt hole cover, remove the brine well 
cover, and pour about 3 ounces (6 tablespoons) 
of household bleach into the softener brine well. 
Replace the brine well cover.

2. Make sure the bypass valve(s) is in the Service 
(open) position.

3. Start a recharge (regeneration). (See Start a 
Recharge.)

4. After the recharge has completed, fully open 
a cold water faucet downstream from the 
softener and allow 50 gallons of water to pass 
thru the system. This should take at least 20 
minutes. Close the faucet once completed.

 Air Gap Requirements

A drain is needed for regeneration water. A fl oor 
drain close to the water softener is preferred. A 
laundry tub, standpipe, etc., provide other drain 
options. Secure valve drain hose in place. Leave an 
air gap of 1½-in. between the end of the hose and 
the drain. This gap is needed to prevent backfl ow of 
sewer water into the water softener. Do not put the 
end of the drain hose into the drain.

Floor Drain              Standpipe                 Laundry Tub
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Note: Be sure that the turbine and support are firmly in place
in the valve outlet. Blow into the valve port and observe the
turbine for free rotation.

Note: See Air Gap Requirements section.

 Typical Installation
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Position Switch

NO

NC

24 VAC120 VAC 
60Hz

Direct plug-in
Transformer

Back of Electronic Control Board

24 VDC
 Motor

Turbine
Sensor COM

Wiring Diagram
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Water is the fundamental component of our 
ecosystem. No other resource is more important to 
man than water; it sustains all life and is crucial to 
our existence. Some 72 percent of earth is covered 
in water, but less than 1 percent is available as fresh 
water.

•     72 percent of the earth’s surface is water.

• More than 97 percent of this water is in the 
oceans.

• Less than 2 percent is locked in polar icecaps.

• Less than 1 percent is in freshwater lakes, 
streams, and wells.

Water

• A chemist defi nes pure water as containing no 
minerals, gases, or organic impurities.

• A public water supply defi nes pure water as 
meeting United States Environmental Protection 
Agency (EPA) standards in terms of its suitability 
for drinking (or potability).

 H2O

Pure water is a chemical substance with the 
chemical formula H2O – 2 parts hydrogen to 1 part 
oxygen. However, pure water is expensive and 
very hard to fi nd, so water containing some degree 
of impurity is frequently termed pure. Different 
individuals in various fi elds will use the term pure 
water when defi ning water that matches their 
needs, for example:

• A bacteriologist defi nes pure water as 
containing no living bacteria.

 Hydrologic Cycle

The hydrologic cycle is the earth’s natural
method of cleaning water. The earth, sun, and
atmosphere all work together imitating a distiller.
The hydrologic cycle is the largest water purifi cation
system known to man.

In this cleaning process, surface water evaporates 
from streams, lakes, etc., and then rises to the sky in 
the form of vapor. The vapor condenses into clouds. 
When the condensation in the clouds is heavy 
enough, it falls to earth as rain, snow, etc. About 
70 percent of the water will evaporate again. The 
remaining 30 percent will replenish surface water. 
Throughout the hydrologic cycle, as illustrated 
below, water changes from pure to impure and back 
to pure once again.

       The Hydrologic Cycle

 2 – Condensation  

3 – Precipitation

 4 – Infi ltration

1 – Evaporation
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1.  Evaporation: Heated by sunlight, surface water   
     evaporates into vapor, which ascends into the   
     atmosphere. This is the purest naturally occurring  
     water.

2.  Condensation: Water vapor condenses  
     in the atmosphere, forming a cloud. The cloud  
     becomes increasingly dirtier by picking up          
     impurities (usually in the form of dissolved          
     gases). This atmospheric water is acidic and  
     aggressive. Acidic water tends to dissolve 
     virtually all minerals with which it comes in           
     contact.

3.  Precipitation: The acidic water returns to earth  
     as precipitation (rain, snow, sleet, etc.).

4.  Infi ltration: The surface water picks up  
     sediment and dissolved minerals as it seeps  
     thru the soil, becoming hard, brackish, and        
     contaminated to varying degrees.

5.  Evaporation: The water eventually heats again,  
     and the cycle repeats.

 Inconsistent Water Chemistry

Water is considered a universal solvent that 
dissolves a portion of anything it comes in contact 
with, such as:

• Metals

• Rocks

• Waste Matter

• Gases

• Dust

• Foreign Substances

The dissolved content in water is termed impurities 
or contaminants. There are wide dissimilarities 
in the content of water from area to area 
because of environmental conditions. Population, 
manufacturing, agriculture, terrain, seasonal 
precipitation, land development, irrigation, pollution, 
and municipal pretreatment are all directly related.

Example: The composition of 2 private wells only 
5 feet apart can be entirely different. Similarly, 
municipal water can be drawn from 1 or more wells 
and/or can be a mixture of surface and well water.

  Bad Taste
  and/or Odor

       Hard Water

        Iron Water

     Dirty Water

Acid Water

dissolved gases

gases*

* Trihalomethane
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 Water Supplies

There are 3 supplies of service water for homes 
and businesses: surface water, ground water, and 
municipal water.

•     Surface Water

       Lakes, rivers, streams, and oceans thru      
       desalinization.

•     Ground Water

       Water from underground sources.

•     Municipal Water

       Water from either the surface or a well that is    
       pretreated, centrally stored, and distributed to  
       multiple users.

More than 80 percent of the homes and businesses 
in the United States and Canada is served by 
municipal or community water supplies. The other 
20 percent is dependent on surface water, such 
as lakes or rivers, and ground water; like private, 
shallow, or deep drilled wells.

 Average Water Use

The National Sanitation Foundation (NSF) monitors 
and reports the national averages on water usage:

•     Daily Water Use

       Eighty gallons of water per day are used per  
       person for kitchen, laundry, bathing,       
       sanitary, and other uses in the home.

•     Daily Water Consumption

       A person consumes 1/2 to 1 gallon of water   
       per day, including juices and water used in   
       cooking food.



– 63 –

Water Softeners

 Water Softener Synopsis

A water softener uses a treatment method known as 
ion exchange to soften water. The exchange material 
(cation resin) has a negative charge. The hardness 
ions (calcium, magnesium, etc), that are dissolved in 
the water, have a positive charge. As the water fl ows 
over and thru the resin, the hardness ions are drawn 
to the resin. At the same time, sodium ions, which 
have a less positive charge, are knocked off the resin 
into the water.

This exchange process occurs billions of times during 
the softening process. As the exchange takes place, 
a hardness band forms in the resin bed. The band 
expands in the same direction as the service fl ow. 
Eventually, hardness blankets the resin to the point 
where it is not capable of exchanging. The resin is 
considered exhausted, and any water passing over 
the resin remains hard.

Regeneration must occur to revive the resin, so a 
brine solution is introduced into the mineral tank. 
Brine solution can be either sodium or potassium 
salt dissolved with water. The brine solution, rich 
in sodium or potassium ions, exchanges with the 
hardness ions. The hardness ions and unused 
brine solution is then rinsed down the drain. The 
resin is backwashed and rinsed to complete the 
regeneration process.

 Hard Water Symptoms

A glass of hard water is a glass of dissolved rocks. 
You cannot see the hardness in the water until the 
water evaporates. What once was invisible is now 
easily seen on everything the water touches, such as 
clothes, dishes, food, hair, and skin.

The major disadvantages of hard water are both 
aesthetic and economic:

• Film or spots on glassware

• Ring around the bathtub

• No soap suds

• Dingy clothes

• Clothes that wear out quickly

• Scale formation on plumbing

• Loss of water heating effi ciency

Water softening has been used routinely since 
the 1950s in both commercial and residential 
applications. Today, it is estimated that over 10 
million households have operating water softeners.
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Analysis

 Safe Contaminant Levels

It is the responsibility of the Environmental 
Protection Agency (EPA) to establish safe, allowable 
contaminant limits.  Maximum Contaminant Levels 
(MCLs) focus on impurities that have been found 
to be either widespread or particularly toxic. These 
levels are determined to be below the allowable limit 
of known risk to the public’s health.

The MCLs are divided into 2 standard categories:

• Primary Drinking Water Standards apply to 
contaminants that can have adverse health 
effects. These standards are mandatory and 
enforceable. The contaminants may include 
inorganics, organics, pesticides, herbicides, 
microbiological, or radionuclides.

• Secondary Drinking Water Standards apply 
to contaminants that are not health related. 
These standards are not enforceable. The 
contaminants may include color, foaming 
agents, odor, pH, and Total Dissolved Solids 
(TDS).

Any additional information about MCL levels, 
contaminants, or health issues can be obtained by 
contacting the following agencies:

• Department of Public Health

• EPA Safe Drinking Water Hotline

• City/County Health Offi cer

 Testing Water

All water should be tested before and after any 
treatment attempts. It is very important to have 
complete and accurate knowledge of the raw water 
supply to obtain successful water treatment.

Much of the time, contaminants are in such low 
concentrations that they are only detectable 
by water analysis. Furthermore, complaints are 
sometimes seasonal or obvious to one person and 
not to another. Make the following inquiries about 
the water to be treated:

• Color

• Clearness

• Scaling

• Smell

• Taste

• Staining

• Corrosion

• Sediment

• Water pressure

 Taking a Water Sample

A good water sample is crucial. If sampling is done 
poorly or incorrectly, the results given can be 
misleading. Follow the guidelines listed below when 
collecting any water samples:

• Remove aerators or other faucet attachments.

• Run the water for at least 60 seconds (water 
temperature will change slightly) to fl ush out 
any collection of contaminants in the plumbing.

• Rinse out containers 3 or 4 times with the water 
to be analyzed.

• Make sure nothing touches the water inside the 
sample (fi ngers, tools, etc.). 

• Leave air space in the container.

• If sending a sample to a laboratory, use 
sampling containers if provided.

• Keep in mind, plastic and glass can introduce 
impurities.

 Contaminants

Contaminants or impurities are substances 
dissolved within water. Before the 1970s, most 
people were concerned with the taste and odor of 
drinking water. Today, the news is full of reports 
focusing on chemical contaminants and the health 
hazards they cause.

• Over 70,000 different water contaminants have 
been identifi ed.

• Researchers say the principal sources of 
contamination are associated with the post-
World War II chemical age.
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• Do not use water samples older than 1 week.

• If the analysis will be performed longer than 24 
hours after the sample has been taken or if the 
sample will be sent thru the mail, the sample 
should be refrigerated.

 Water Laboratories

There are different ways to detect and measure 
contaminants in the water. The most accurate 
is to send the sample to a state- or EPA-certifi ed 
water laboratory. A lab analysis can be used if the 
information is less than 6 months old.

A minimum water analysis should always include:

• Visual

• pH

• Total Dissolved Solids

• Total Hardness

• Iron

• Corrosion Index

 Portable Test Kits

Test kits are very popular and can be a great 
diagnostic tool. Most kits include containers and 
chemicals that test for pH, hardness, iron, nitrates, 
and Total Dissolved Solids (TDS).

The following guidelines are suggested when using 
a water analysis test kit:

• Rinse all containers 2 or 3 times with the water 
to be sampled.

• Periodically test the chemicals in the kit on a 
known water supply for accuracy.

• Confi rm water is measured correctly.

• Run iron test fi rst.

• For uniform drops, hold dropper bottles upside 
down or eye droppers at a 45-degree angle.

• When adding hardness #3 solution, swirl sample 
to mix it after each drop of solution.

• Test solutions and powder can be re-ordered 
separately from kit.
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 Units of Measurements

The key to interpreting the analysis is the ability to 
convert one expression of measurement to another.  
The most common measurements are as follows:

• mg/l – Milligrams Per Liter: 1 milligram per every  
       liter

• ppm – Parts Per Million: 1 part per every million  
       parts

• gpg –  Grains Per Gallon: 1 grain per every   
      gallon

Conversion Factors
mg/l ppm gpg

1 milligram per liter 1 1 0.0583
1 part per million 1 1 0.0583
1 grain per gallon 17.1 17.1 1

For all practical purposes:

• One milligram per liter is equal to 1 part per 
million.

• One grain per gallon is equal to 17.1 mg/l or 17.1 
ppm.

To convert from one unit of measurement to 
another, use the following formulas:

Example:

• If 1 aspirin is equal to 5 grains, and the aspirin 
is dissolved into 1 gallon of water, the unit of 
measurement would be reported as 5 grains per 
gallon.

• 5 gpg  = 85.5 mg/l or 85.5 ppm

mg/l  ÷  17.1  =  gpg 

ppm  ÷  17.1  =  gpg        
                 

  
1 mg/l = 1 ppm

  1 milligram per liter = 

  1 part per million  

    
gpg  x  17.1  =  mg/l

    gpg  x  17.1  =  ppm

  
1 gpg = 17.1 ppm 

  1 grain per gallon = 

  17.1 parts per million 
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Water Issues

 Aesthetic Conditions

Hardness

Water hardness is the most common of all water 
problems. The term hardness originally applied to 
waters in which it was hard to wash. Hardness is 
dissolved calcium and magnesium.

Calcium (Ca) or lime is a cation and normally enters 
the water source when rainwater causes calcite to 
leach from limestone deposits in the soil. It is the 
major contributor to hardness.

Magnesium (Mg) or salts is also a cation and is 
leached from the soil by rainwater. It contributes 
to hardness but is generally present at much lower 
levels than calcium. At very high concentrations, 
magnesium can cause a bitter, astringent taste in 
water.

Symptoms

• Prevents soap from lathering.

• Causes soap curd and lime scum to form around 
fi xtures and basins.

• Causes white spotting on glassware and 
windows.

• Causes whitish scale deposits in plumbing, 
water heater, and tea kettles.

Hardness is usually expressed in grains per gallon 
(or gpg). Usually water above 3 grains per gallon 
hardness is labeled hard.

Hardness Chart
Degree of 
Hardness

Grains per 
Gallon

Milligrams per       
Liter

Soft Less than 1.0 gpg Less than
 17.1 mg/l

Slightly Hard 1.0 – 3.5 gpg 17.1 – 60 mg/l

Moderately 
Hard

3.5 – 7.0 gpg 60 – 120 mg/l

Hard 7.0 – 10.5 gpg 120 – 180 mg/l

Very Hard Greater than
10.5 gpg

greater than 
180 mg/l

 Iron

Iron accounts for 5 percent of all the earth’s crust. 
This is why the element is found in just about all 
types of water supplies, whether it is ground or 
surface, but particularly in well water. Well water is 
usually high in carbon dioxide and low in oxygen. 
Iron in water is more of a nuisance than a health 
problem. Iron can be present in more than one form 
and can change forms when exposed to air, heat, or 
chlorine.

Symptoms

• Metallic or distorted taste

• Brown-red stains on fi xtures, dishes, and 
laundry

• Water drawn from tap that turns brown/red 
upon cooking or heating

• Reddish-colored water with red particles settling 
to bottom of a glass after standing a while

• Brownish cast that does not precipitate

• Blackish buildup that is easy to wipe out

• Clothing that becomes discolored when 
laundered

• Darkened beverages

Iron is measured in parts per million (ppm). The 
total ppm of iron or types of iron are determined by 
chemical analysis. Iron levels of 0.3 ppm and above 
cause staining of laundry and plumbing fi xtures. 
Iron can also give a metallic or distorted taste.

Water may contain one or more types or associated 
forms of iron. Total iron is the sum of the contents.

(Continued Next Page)
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Forms of Iron

Clear Water Iron

Clear water iron is otherwise known as ferrous iron 
(Fe2 or Fe++). It is dissolved in water and is clear at 
fi rst. It gradually turns slightly yellow or brown as 
the iron oxidizes.

Red Water Iron

Red water iron is otherwise known as ferric iron (Fe3 
or Fe+++). It is clear water iron that has oxidized to a 
particle form. These yellow, red, orange, or reddish 
particles are suspended in water and settle out after 
a short period of time.

Colloidal Iron

Colloidal iron is red water iron that is too small 
(usually less than 0.1 micron) to be fi ltered by 
standard means. Colloidal iron stays in suspension, 
giving the water a red-pink turbid cast.

Organic Iron

Organic iron is bound or complexed to organic 
compounds such as tannin or humic acids. It can 
be colorless but most often occurs as a yellow, 
yellowish brown, or pink color. It can be referred to 
as organic iron, tannin, heme iron, complexed iron, 
or pink iron. Because of its organic nature, it is one 
of the most diffi cult forms of iron to remove and 
control.

Iron Bacteria

Bacteria that feed on clear water iron, using it in 
their metabolic processes. Bacterial iron can be 
gelatinous or stringy, its surface can refl ect an 
iridescent (rainbow) slick, and it can cause staining, 
plugging, and taste or odor problems.

Heme

An iron-containing compound of the porphyrin class 
that forms the nonprotein part of hemoglobin and 
some other biological molecules.

 Aggressive Water

Aggressive water is caused by carbon dioxide, 
hydrogen sulfi de, and sometimes industrial waste. 
As water passes over and around impenetrable 
rocks and substances, such as granite and 
nondissolving minerals, it leaves the water very 
aggressive or corrosive, otherwise known as hungry. 
It is destructive to plumbing, water heaters, and 
seals and diaphragms in equipment.

Symptoms

• Blue-green staining around copper fi xtures

• Blue-green cast to water

• Pitting of brass surfaces

• Metallic taste

Aggressive water is usually measured in pH, which 
stands for potential of hydrogen. Too much or 
too little hydrogen in water is responsible for the 
intensity of acidity and alkalinity, respectively.

Potential of hydrogen (pH) is measured on a scale 
from 0 to 14. When water tests at 7, it shows a 
balance between acidity and alkalinity. When water 
tests below 7, the water is acidic. Above 7, the water 
is alkaline.

Daily Items Used pH Levels
Household Lye 13

Bleach 12
Ammonia 11

Milk of Magnesia 10
Baking Soda 8.5
Sea Water 8.0

Blood 7.5
Milk 7.0
Rain 6.0
Beer 4.0

Vinegar 2.0
Battery Acid 0.0

Note: U.S. safe drinking water pH range is 6.8 – 8.5.

pH Measurement Scale*
*The pH scale measures in increments of ten

Neutral      Acidic
      Low pH

 Alkaline 
 High pH

0   1   2    3    4    5    6    7   8   9   10  11  12  13  14   

  | 10x | = 6 is 10 times more acidic than 7

| 100x | = 5 is 100 times more acidic than 7
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 Hydrogen Sulfi de

Hydrogen sulfi de (H2S) or sulfur is a gas, caused 
by decaying vegetation or oil fi elds, that has an 
offensive taste and odor like rotten eggs. Deep 
or shallow wells containing hydrogen sulfi de are 
sometimes called sulfur water. Small to moderate 
amounts can cause an undesirable odor and 
staining. In larger amounts, hydrogen sulfi de can 
be fl ammable, poisonous, and corrosive to most 
metals.

Symptoms

• Offensive odor

• Discolored beverages

• Distorted appearance and taste of cooked food

• Yellow/blackish staining of fi xtures and laundry

Most people measure hydrogen sulfi de in parts 
per million, and as little as 0.5 ppm of H2S is 
odor detectable. In general, H2S dissolved in 
water is usually under 10 ppm but can occur in 
concentrations as high as 50 ppm.

Levels of Hydrogen Sulfi de

There are 3 levels of hydrogen sulfi de:

Level One

Hydrogen sulfi de odor is not detected until water is 
under the nose.

Level Two

Hydrogen sulfi de odor is not detected until water is 
running out of the faucet.

Level Three

Hydrogen sulfi de odor is detected upon walking into  
a home or business.

Odor is less detectable if the pH value is 8.0 or 
higher. In some regions, H2S can be seasonal. This 
odor is more prevalent in the spring and autumn.

 Manganese

Manganese (Mn) is less abundant than iron, whose 
behavior it closely parallels. It is an element rarely 
found alone, and it usually occurs with dissolved 
iron. Deposits of manganese collect in the plumbing 
and appear when tap water is drawn. Manganese 
bacteria can also be present and causes clogging 
in piping and fi ttings. Compared to iron, dissolved 
manganese oxidizes slower, requiring more oxygen.

Symptoms

• Black sediment

• Blackish turbidity

These symptoms are also commonly referred to as 
black water.

Manganese is measured in parts per million (ppm). 
Concentrations seldom run higher than 2 ppm, 
but concentrations as low as 0.05 ppm can be 
troublesome. Oxidized manganese is dark brown, 
and accumulation on a surface appears black. 
Manganese reduction and removal are commonly 
accomplished by the same techniques applied for 
iron removal.

 Sulfur Bacteria

Sometimes a hydrogen sulfi de (H2S) odor can 
occur in softened or fi ltered water when none 
was detected before. This usually indicates the 
presence of a harmless form of sulfate-reducing 
bacteria. Water softeners can provide a convenient 
environment for this bacteria to grow.

Symptoms

• Rotten egg odor appearing early in the morning, 
usually on the hot water side

Treatment/Process

Heavy chlorination of the entire plumbing system, 
including storage tanks and water heater, is 
recommended. Should the situation persist past 2 
chlorination treatments, a constant chlorine feed is 
required. Also, the sacrifi cial anode rod in a water 
heater may be reacting with the treated water. To 
remedy this, replace this magnesium anode rod 
with an aluminum or zinc anode rod.

 Sodium

For every grain of hardness, 7.5 milligrams of 
sodium is added to each quart of water.

Example:  If water is 10 grains per gallon hard, 10 x 
7.5 = 75 mg/l additional sodium.
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Treatment

It is obvious that water requires careful analysis in order to determine treatment. There is a wide diversity of 
processes and equipment available for treatment. The chart below shows a variety of treatment processes 
for homes, farms, and businesses.

Media are materials used to form a barrier, minimizing the passage of impurities suspended or dissolved 
in water. Chemicals are liquid or granular materials used to modify the water quality or initiate a chemical 
reaction.

Treatment Process Methods
Ion Exchange A reversible chemical process wherein 

electrically charged matter is exchanged for 
a lesser or oppositely charged matter.

• Cation Exchange Resin

• Anion Exchange Resin

Neutralization The process of adding a base or acid, 
producing a more neutral solution.

• Magnesium Oxide – Calcite

• Chemical Feed
Oxidation The process of exposing contaminants to an 

oxygen-rich atmosphere or media, causing a 
chemical reaction.

• Aeration Oxide Media – 
Greensand, Birm

• Chemical Feed - Chlorine
Adsorption The process of liquid, gas, or suspended 

matter adhering to the surface or pores of a 
media and causing no chemical reaction.

• Activated Carbon

Filtration The process of removing contaminants and 
suspended matter by passing liquid thru 
progressively smaller pore spaces to fi lter out 
the materials.

• Sand, Anthractite, Calcite

• Activated Carbon and 
Multimedia Products

Disinfection The process of adding liquid or gas to a 
solution to reduce the number of disease- 
causing microorganisms.

• Chemical Feed – Chlorine

• Ultraviolet Lamp

• Ozonation

• Distillation
Demineralization

Desalting

The removal of matter from a solution by a 
two-phase ion exchange procedure, heating, 
or pressurized fi ltration.

• Reverse Osmosis

• Distillation

• Mixed Ion Exchange Resin
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 Treatment Processes

Ion Exchange Process by Cation Resin

Calcium and magnesium are present in water as 
ions. Ions are charged particles that separate when 
a substance dissolves in water. Ions are called 
cations if they have a positive (+) charge or they 
are called anions if they have a negative (-) charge. 
Acting like a magnet, ions with opposite charges 
attract and ions with like charges repel.

ION DRAWING

ION CHART
 

Ions
 

 ( + )                     ( - ) 
Cation                 Anion 

 

Common Salt 
 (Sodium Chloride)  

NaCl 
 

            Na+                    Cl- 
    Sodium Ion         Chloride Ion  
       Cation                    Anion 

Elements with opposite charges attract where 
elements with like charges repel, just like magnets.

Valance Charge

All elements have a chemical symbol and a valance 
charge. The valance charge is the number of + signs 
or - sings after the chemical symbol (see Valance 
Chart). The valance charge represents the bonding 
strength or power of an element to combine with 
another. The larger the valance's charge, the 
stronger the attachment.

Valance Chart
 Cations            Symbol           Anion                   Symbol

 Potassium               K+          Chloride             CL-
 Hydrogen       H+          Bicarononate       HCO3-
 Sodium       Na+          Nitrate                   NO3-
 Calcium       Ca++        Floride             F-
 Magnesium       Mg++ 
 Ferrous Iron       Fe++
 Ferric Iron       Fe+++

Ion Exchange

The hardness ions are removed by a process 
known as ion exchange. Calcium and magnesium 
(positive ions) pass over, around, and thru a porous 
bead-like material called a Cation Resin. The resin 
has a negative charge, causing the calcium and 
magnesium to be attracted to the opposite charge 
and bond to a resin bead. At the same time, sodium 
is knocked off the resin bead into the water in 
exchange. Layers of hardness will build on the resin 
bed. A strong sodium solution (brine) is needed to 
clean off these hardness layers.

 
Cation Resin is a 
porous, nonsoluble

  exchange material.

Calcium and Magnesium 

are attracted to the  
 
Resin bead. 
 

   
   

 
 Sodium 
 
Located on the bead is then 
released into the water in 
exchange for the hardness.  

As they pass by they bond
with a resin bead.
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 Ion Exchange Media/Regenerant

Cation Resin

• Resin made from polymer material

• Golden-brown colored beads

• Positively charged ion exchange material

• Regenerate with sodium or potassium chloride

• Most commonly used for hardness removal

Example: Calcium, magnesium, and iron ions are 
removed from solution in exchange for a chemically 
equivalent number of sodium/potassium ions.

Anion Resin

• Resin made from polystyrene or acrylic material

• White colored beads

• Negatively charged ion exchange material

• Regenerate with sodium or potassium chloride

• Most commonly used for tannin removal and 
nitrate reduction

Example: Bicarbonate, chloride, and sulfate anions 
are removed from solution in exchange for a 
chemically equivalent number of anions from the 
anion exchange solution.

Sodium Chloride

• Chemical name for common table salt

• White pellets

Widely used for regeneration of ion exchange water 
softeners.

Potassium Chloride

• Potassium salt

• Colorless

• Temperature sensitive

Used as a regenerant for cation exchange water 
softeners.

 Neutralization Process

The most common reason for neutralization in water 
treatment is to prevent or eliminate the corrosion of 
metal surfaces caused by aggressive water.

Low pH

The aggressiveness is usually caused by low pH 
values of the water. The main infl uence on low 
pH values is the presence of carbon dioxide (CO2), 
dissolved oxygen, and the lack of alkalinity to offset 
the condition. Allowing mixture and contact time 
with either calcite or soda ash can eliminate carbon 
dioxide.  Special applications use caustic soda.

High pH

High pH can be corrosive to metals. High pH can 
sometimes occur in municipal water systems 
where alkaline chemicals, such as lime, ammonia, 
and chloride are heavily used. Reduce the pH 
level, mixture, and contact time using acetic acid 
(vinegar), citric acid, or alum. Special applications 
use hydrochloric acid or sulfuric acid.

The key to the process is ensuring there is enough 
contact time for the chemical reaction to take place.

0    1    2    3    4    5    6    7    8    9    10   11   12   13   14   

Low pH

 Water
Neutral

 Water
High pH

  Water

Acidic
Water

Alkaline
   Water 

          Treatment                     Treatment

                           Calcite                 Acetic Acid

               Soda Acid
                               

Citric Acid

   Caustic Soda
                       

Sulfuric Acid
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 Sizing Guide

Water hardness and water usage dictate how often the softener will need to be regenerated and how much 
salt will be required. Below is the Grain Capacity and Salt Estimation Formula. Water hardness is usually 
determined by chemical analysis. Water usage, if unknown, may be estimated by using a universal average 
of 80 gallons per person per day.

 –  
 
If water has three (3) ppm iron and hardness of 
10 gpg.  Add fifteen (15) grains to the 10 gpg of 
hardness to total an estimated hardness of 25.

 
If there are 4 people in the household

 
If total daily water usage is 320 and estimated 
hardness is 25.

 
If Daily Capacity is 8000 grains

 
3 ppm x 5 = 15 
                 + 10  
                    25 gpg est. hardness

 
4  x  80  =  320 

 
x  25  =  8000

 
8000   x  4  =  32,000 grains needed 

Grain Capacity and Salt Estimation Formula
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Warranty

(Continued Next Page)
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