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ABSTRACT

Chemical treatment of water cooling towers and chillers has been the "norm" ever since scale was discovered to be a costly water treatment concern.  However, the used chemicals being flushed down the drain are an environmental concern.  Thus, several types of non-chemical treatments have appeared on the market.  The management of One Riverfront Plaza was approached about testing a non-chemical water treatment system on one of their cooling towers.  A closely monitored two months test, October - November 1988, with subsequent inspections, was agreed to for the following water treatment system:  

RSI 
IONIZATION CELL

9523 US Hwy 42 #783
PROSPECT, KY 40059
The ionization cells were installed October 1988 in a selected cooling tower.  

It is considered good procedure to obtain test data from a similar close by cooling tower that is being chemically treated.  Thus, weather, system load, equipment operation and other perturbations realized during the season could be taken into account in the analysis of how well the system functioned.  Test data was obtained from an identical adjacent chemically treated tower.  Both towers operate under the same basic load.
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CLOSED CIRCUIT COOLING TOWER

The items to be controlled/prevented for these systems included the following:

1. Control pH

2. Control/prevent scale

3. Control/prevent corrosion

4. Control microbiological growth

TESTING PROCEDURES

The tests and observations on the cooling towers and water circulating within the cooling towers were conducted as follows:

1. Six (6) ionization cells were installed in the sump of a 150 ton Baltimore Air Coil evaporative condenser, per RSI sizing recommendations.  While the tower fan was shut off, a small area on one wall in the water return chamber of the cooling tower was cleaned to bright metal as was an 8 inch strip of a heat exchange tube on the very top of the tower.

2. Professor Murray and Mr. Pinckley met the RSI and the cooling tower maintenance personnel on-site once a week to inspect and conduct tests on the bleed water from both towers.  The test equipment used was:

a. Cole Parmer-----pH meter Catalog #5941-00

b. Cole Parmer-----Conductivity meter Catalog #1491-62

c. Hydac-----Conductivity/pH meter Catalog #301353

d. Hach-----Dissolved/Total iron test Catalog #1464-01

e. Hach-----Total bacteria paddle tests
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3. Tests were made on the water from both towers to determine the following:

a. pH reading

b. Total iron

c. Conductivity

d. Total bacteria plate count

EVALUATION OF WATER TREATMENT

Water treatment of cooling towers and chillers by any means must have some criteria to judge how well the treatment is working to maintain the systems.  Based on the analysis set forth in the attached “Basic Criteria That is Used For Evaluating the Effectiveness of Any Cooling Tower Water Treatment System” the following evaluation criteria was established:

          TEST                   EVALUATION CRITERIA

1.       pH                        Maintain between 7.0 – 9.0

2.       Conductivity         Maintain a minimum conductivity of 3 times the          conductivity of the makeup water, a maximum of 5 times the makeup water

3.       Corrosion             Maintain Total iron of less than 2 mg/l or 2 ppm

                                      Maintain Dissolved iron of less than 1 mg/l or 1 ppm 

4.        Plate count          Maintain a total bacteria reading of ten to the fifth or    less 

The evaluation of water treatment on cooling towers and chillers must take into account not only the test data but also the initial condition of the system and the composition of the makeup water. City water was used as makeup water and the Louisville City Water had the following average composition:

PH = 7.0          TDS = 200          Hardness = 6 grains per gallon

              (conductivity = 300 umho s/cm)
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The towers were visually inspected and were in quote “average condition” for twelve year old chemically treated towers, e.g., approximately 1/16” of scale buildup on the tubes in both towers.                                            

ANALYSIS OF DATA

Analysis and evaluation of any cooling tower-chiller water treatment should be based on some “criteria”.  Unfortunately, it doesn’t appear that industries or water treatment companies necessarily agree on “evaluation criteria”.

Therefore, after reading literature provided by various water treatment companies and verbal discussions with cooling tower and chiller manufacturers, a composite “evaluation criteria” was developed and used as basis for evaluation (copy attached)

In general, during the closely monitored initial two (2) month test, based on the test data and before and after inspections, and photographs, the ionization cells provided by RSI maintained the cooling tower within the required pH range, had no noticeable additional scale buildup and controlled corrosion, i.e., had low dissolved and total iron readings (see attached test data).

A total bacteria paddle test was run on a weekly basis.  The ionization system kept the total bacteria below the ten to the fifth limit for the two month test.  The chemically treated system had two weeks where the paddle test had a high reading of ten to the eighth.

Since December 1988, both towers have utilized the ionization cells from RSI.  Professor Murray and / or Mr. Pinckley have performed on-going inspections of the heat exchange areas on at least an annual basis.  These inspections have shown that the ionization cells have not only prevented additional scale buildup and controlled corrosion, the majority of the existing scale has been softened and removed from the heat exchange areas.
Based on the attached “evaluation criteria”, the ionization cells provided by RSI perform very well as a cooling tower / chiller maintenance system without the environmental problems of a chemical system.
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BASIC CRITERIA THAT IS USED FOR EVALUATING THE EFFECTIVENESS OF ANY COOLING TOWER / CHILLER WATER TREATMENT SYSTEM

The objectives of any cooling tower / chiller water treatment program are to: 

1. Prevent scale formation

2. Control the dissolved solids in the system

3. Prevent corrosion

4. Control algae and microbiological growth

To determine how well the water treatment program is functioning the following should be asserted on a regular basis:

NON-CHEMICAL & CHEMICAL TREATMENT

1. pH

2. Conductivity

3. Total and dissolved iron

4. Bacteria plate count

5. Chlorides

CHEMICAL TREATMENT

6. *Sulfates

7. *Sodium Bicarbonate

8. *Chlorine residual       

*These tests being pertinent depend on the type chemical program being used.
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The pH of the water in the system should be adjusted as close to 8.0 – 8.5 as possible to minimize corrosion.  A higher (alkaline) pH may contribute to the formation of scale in both treated and untreated systems.  Depending on the water treatment program in place, this may not be a factor. 

Conductivity is a measurement of the ability of a sample of water to conduct electricity, which runs in direct correlation to the amount of dissolved solids in a sample of water.  These solids can consist of calcium, chlorides, silica, magnesium, residual chlorine, iron, dust, contaminants from the sir, etc.  These contaminants must be controlled by preventing them from precipitating out (forming scale) and washing them from the system.  Any good water treatment program has a means of preventing scale and most recommend a bleed setting of 3 to 5 times the conductivity (umho’s/cm) of the makeup water.  This is a compromise, since a high conductivity setting increases the scaling potential but uses minimal makeup water, whereas a low conductivity setting minimizes the scaling potential but increases the amount of makeup water used.

The total iron in cooling tower / chiller system water consists of both dissolved iron (from active corrosion) and suspended iron (old corrosion and particles of rust).  Taking into account any iron that may enter with the makeup water, a low dissolved iron reading, less than ½ (.5) ppm, means minimal active corrosion.

Bacteria (microbiological growth) are one cell animals and are easy to test for with paddle tests available from several sources, including the Hach Company.  The tests are easy to use, and require 24-48 hours to obtain a reading.  These readings can then be used to be certain the water treatment program is keeping bacteria levels in an acceptable range.

Algae is a plant, and is a function of time, temperature, sunlight exposure, airborne particles, etc.  Algae also fosters the growth of bacteria, and while a small amount of algae is usually not detrimental, too much can clog the system and decrease efficiency.  The easiest way to control algae is preventing sunlight from hitting the cooling tower water whenever possible.  As a preventative measure, cooling tower water is usually treated with some type of algaecide.                              (6)      

ADDED NOTE FROM RSI:

The allowed limit during this test for total bacteria was ten to the fifth.  This is an industry standard limit utilizing paddle tests from Hach.

The tower being treated with the ionization cells had a total bacteria paddle test reading of ten to the second every week of the test, except for one week when the reading was ten to the third. 

 The chemically treated tower had a total bacteria reading of ten to the fifth every week, which was the allowed limit during the test, except for two weeks when the chemically treated tower had a high reading of ten to the eighth, over the allowed limit.

 The ionization cells treated both these towers until the towers were taken out of service.  The conductivity for those years was kept in the 1200-1500 range, or 4 to 5 cycles.

  The towers were approximately 25 years old at that point, having received chemical treatment for approximately 12 years and non-chemical treatment for approximately 13 years.  
