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This report  includes the results of preliminary testing of the Cleamuve  water
Conditioner, manufactured by the Field Controls Campmy.  The final section of@ae
report includes conclusions and recommendations.

The purpose Of this investigation was to assess the effect of the Clearwave  wa@
conditioner on calcium carbonate scale  formation &er Iabor#ory  conditions,  More ’

specifically, this MS of the study has the following objectives:

1. Determine  the nature and magnitude of the Clearwave output signals.
2, Determine the effect of the Clearwave  treatment on ionicconducmce  and

dissolved oxygen levels  in water,
3, Determine  the effect of the Clearwave  treatment on the calcium carbonate

deposition test (CCDT).

The preliminary investigations described in this report  8fe considered to be a first
phase laboratory testing under conkoIled  conditions, A second phase of this project is
planned to include full scale testing simulating the effects in house plumbing.

The testing of the Clearwave  Water Conditioner was conducted  at a temperature of 22
& 82’. Two types of waters were used in this testing program; (a) City of Ann Arbor
tapwater (Table 1 gives results of analysis of tapwater),  and (b) synthetic waters  prepared
in the laboratory at different hardness levels In certain experiments, the pH and hardness
of a given water sample were altered in an attempt to assess the effect of these variables,

All tests were conducted on pipe segments, about 8” in length and 1.5” in diameter,
made of cast iron or copper. These were typicaI samples of pipes used in house
plumbing, provided by the Field Controls Co.

The pipe segments were  sea\ed  at one end and mounted in an upright position on a
stand, Thu Clearwave  device  and associated coils were mounted on the outside of the
pipe segments which were filled with the test water. Typically  each test was repeated
~nti1 two consecutive reproducible results were observed.

http://www.smarthome.com/3260.html
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Table 1: Analysis of Ann Arbor Tap Water ’

Water
QwlSty
Parrmctm

Dar&l

fU96 9196 I#96 llB6 12i96  II97 Z/97 5/97

pW 9.3 903 9.3 9.3 9.3 9.3 9,3 9.3 9J 9.3 9,3 9.3

~0bJ Alkalinity 32 28 33 $7 50 4S 51 33 so 33 28 36_

Tot4- 101 121 12s 184 129 143 15s 143 154 134 107 110

1, CozUxntrrrtions  are given in units of mg/l.

The experknental  set up is shown in Figure 1. Potential measurements were made at
different points of contact using a digiti vottaxnmeter (Simpson  Model 312). Point A is
in contact with test water, B is connected to ground, and C and D are upper and lower coil
terminals, respectively.

Potentid  difkrences between points C and D indicated a.c. voltage in the order of IIV
and d.c. voltage in the order of 50 mV.
between A and D.

There was no si@icant potentid di&ence
However, a square wave signal in the order of 100 mV w detected

between A and B,
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Figure  1: Potential Heasurernente  of Contacts with
Clearwave Smtrument
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Electrical  conductivity of solutions depends on the concerltxations  and mobility of
ions (and charged particles). Therefore, conductivity measurement of a given water
sample can be interpreted to indicate the mobility of the ions which is dependent  on the
degree of salvations, complexation,  or association of iow

The efectical  conductance of a given wan sample can be expressed as follows

specific conducmce  @ho&m)
cell constant (cm.s./ohm.mole)
ionic concentration (molesh?)
ionic mobility (cm/s)
ionic Vatency
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The test was  based on ap&ing the Cleanwave  treatment to a given water sample and
to observe f6r any changes in electrical conductivity using a YSI conducritity  meter.
Since C and 2 are constnnt for the treated water sample, changes in electrical  conductance
would tiicate  changes in ionic mobility, Consequently, an increase  in etect&a,l
conductaPce  would indicate an increase in ionic mobility and the reverse relationship
would also apply,

This could be also interpreted in terms of change in the degree of hydration of rbe
ions in solution, and their tendency to precipitate.

The electicai  conductivity of samples of tap water were determined before and a&r
the application of the Clearwave  treatment. The results 81”e shown id Figure  2. Our
findings, SO far, indicate no changes in the electrical conductivity of water samples  as a
result of the Clearwave treatment.

Bigute 2: Bffect of Cleaxwave treatneot m cenducrivlt~ of tap Nter

http://www.smarthome.com/3260.html
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This experiment was conducted to Gnd out if the Clearwave  treatment has an effect on
the soiubility  of molecular oxygen in the test water.  Dissolved oxygen is ~11 important
variable which should be detembed before  perfbnbg the Calcium Carbonate
Deposition Test (CCDT). This test can only be valid if the dissolved oxygen
concentration is maintainfzd at a constant level.

Similar 10 the previous  electrical conduace expedient, dissolved oxygen
concentrations of tap water samples were detexmhed  before and tier the application of
the Clearwave  tieatment. Dissolved oxygen mewurernents were  conducted by a YSI
oxygen probe. The results of this experiment are shown in Figure 3. Dissolved oxygen
levels, expressed  in terms of units of % wtioa with air, did not show sign&ant
‘variation over a period of 20 hours.

Our findings, so far, indicate that the application of Clearwave  treatment has no effect
on the dissolved oxygen level in the test solution. ’

Bigure  3: Effect of ~rWwe tmatmeat  on tape wsler dbsolvtd oxygen
(% satmation  at mm temperat~~).
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The Calcium Carbonate Dep0sition  Test (CCDT) was originally developed to assess
and explain the rates and amounts of scale formation in water distribution systems
(1,2 and 3). The mechanism of scale formation was depicted to involve dissolved
oxygen. The elec*oIytic  reduction of molecular oxygen on the s&ace of metal pipes
will result in the gener&on  of hydrexyl ions, i.e,

0, + 2&O + 4e -----> 40H
This will be followed by the deposition of CaCOj  on the metal surface,

HCO;+ OH ------~ COsr  + H,O
Ca*+ CO,= -.--2b CaCO,  4

(2)

(3)
0

This mechanism of calcium carbonate scale fomation is predominantly applkable  to
water distribution sytiems. Scale formation in hot water heaters  and boilers canaot  be
explained by this theory where at high temperatures  Calcium carbonate spontaneously
precipitates.

The theory and the appiication  of the CCDT test ~IYZ detailed in references 1 - 3. The
test is based on the reduction of dissolved oxygen in the test solution using a rotating
ring-disc gold electrade.  The experimental set up is shown in Figure 4, The rotatorc
electrode system is shown in Figure 5.

Typical CCDT curves for waters with different rates of CaCO,  deposition are shown
in Figure 6. The slope of the currextt-time  curve is prcpartionaf  to the xate of CaCO,
deposition.

At steady state conditions, the current values can be expressed as follows:

i I fa(Pm/I)
where i = limiting current
0 = proportionality coefficient which is equaI to n F/C
where n = number of electron  tramfmed  per mole
F = fatady constant
C = dissolved oxygen concentration in the test solution in moles/L
Pm = permeablity  coefficient of the CaCO,  fT.lm,
I = thickness of the CaCO,  film.

Resuk  of the CCDT experiment with tap water are shown in Figure 7, The most
striking feature of the results is the difference between the CCDT curves for the con&o1
and the water sample treated with the Clearwave  conditioner. Repeated runs indicated a
significant difference between the contml  and treated water samples. As shown in Figure
7, the flat CCDT cmea obtained with the treated water aamples  indicate the absence or a
SIOW rate of CaCO, deposition. In contrast, the CCDT curves obtained with the control
(untreated) water samples are indicative of high mtes of CaCO, deposition.

http://www.smarthome.com/3260.html
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Figure 4: Rotator- Electrode System
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R - Refeteace  Electrode  (Ag/AgCl)

I

d
Clearvam Water
Condftioker

- -W 9 Workiag glectrode
C = Counter Electrode

Figure 5: ~erimentaf,
?epositfom

Setrip  8dr the C&l&m Carbcmate
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Figure 6: CCDT Response For Different Rates of
C&O3 Deposition
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Figure 78 The Effect of Clearwave  Treatment on

CCDT Response
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Results  of the CCDT experiments show a significant difference between treated and
nontreated  water by the Clearwave  Conditioner. The CCDT response for the treated
water samples in Figure 7 exhibited typical  patterns of no or vety  limited C&O,
deposition. In contrast, the CCDT response for the contil, nontreated  water samples ia
Figure 7 exhibited typical patterns  of high or mock&e  CaCO,  deposition. The only
variable in these experiments was the application of the Clearwave  treatment.

These results could be interpreted that the Clearwave  treatment interfered with CaCO,
deposition under test conditions,

At this time, I have no explanation of the underlying mechanism, Attempts to study
the mechanism will require in depth investigation.

Laboratory controlled CCDT experiments revealed  that the Clearwave treatment
interfered with CaC03 deposition. These results were obtained with Ann Arbor tap
water.

Calcium carbonate deposition is a complex phenomenon which is largely dependent
on water quality characterkics,  e.g.

1. Water hardness
2, pH and alkalinity
3. Presence of Mf, silicates, and cert& organics

It is important to extend this investigation to other waters with different water quality
characteristics,

In addition, it is believed that the fkll scale experiment, considered for Phase II will
provide the decisive evidence of the effectiveness of the Clearwave  Water Conditioner,
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