
Request For Proposal 

For 

Quantitatively Assessing The Effectiveness 
Of Permanent Magnetic Water Conditioning Devices 

PURPQSE: 

The objective of this research study is to quantitatively assess the effective- 

ness of permanent magnetic type water conditioning devices. The test methods selected 

will demonstrate the accuracy or validity of the published Performance Claims regarding 

scale formation, scale removal, and alterations of the physical and chemical properties of 

water. 

APPROACH: 'f. 

The following approach is to be considered as a suggested procedure for 

evaluating permanent magnetic water conditioning devices. The Water Quality 

Association is open to all innovative testing procedure that may be recommended as part 

of any proposal. 

K 

A water supply is to be used that has a positive scale forming tendency as 

indicated by the Langelier Index (or Ryznar Index) and as demonstrated by actual test. 

There are, to the Association's knowledge, four (4) categories of permanent 

magnetic water conditioning devices currently available for Scale control' which are 

described as follows: 

The Class I Device. This device clamps onto the outside of a water pipe and 

produces a generally longitudinal magnetic field which concentrates and becomes trans- 

verse near the point of pole piece contact with the pipe. 
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The Class II Device. In this case the radial magnetic field is applied 

transverse to the flovv as it passes through an annular ring between the magnet pole 

pieces. 

The Class III Device. This device is based upon the Russian designs most often 

reported in the literature. Here again the field is radial with the water flow passing 

through an annular flow tube. In this case, however, the field polarity alternates 

periodically along the flow axis. This is accomplished by placing a series of alternately 

poled cylindrical permanent magnets along the axis of the unit. Also, in some cases a 

moderate swirl about the axis is induced by means of the inlet port geometry. 

The Class IV Device. This device is none of the above but more particularly a 

group of devices that generally have the magnetic field parallel to the flow, using a 

collinear solenoid, and some type of spiral metallic element that rotates inside the pipe 

containing the field. ^ V 

It is imperative that the testing protocol being considered as part of the study 

be of such a design as to adequately cover all categories of permanent magnetic water 

conditioning devices that are presently known. 

.. I.: •• .V" ■ 

The arrangement of the apparatus to perform the necessary experiments for 

this report is to be constructed in a manner as to reduce to minimum any possible 

interference with the physical or chemical properties of the water supply. 



The following test parameters are to be measured and reported on as a 

minimum requirement for the study; however, additional tests may be suggested by each 

bidder at the time a proposal is submitted. 

1. Hot Water Scale Tendencies and Scale Evaluation 

2. Boiling Point Depression 

3. Surface Tension 

4. Water Conductivity 

5. pH Change 

6. Ca++ Concentration 

%. 

REPORTS: 

Progress reports are to be submitted on a monthly basis with a final report 

submitted to the Water Quality Association prior to general release. 

Proposal Format. Any proposal submitted for consideratioh must contain at a 

minimum the following: 

1. Discussion of research problems 

2. Project plan and schedule 

3. A detailed description of the project plan 

r.: •. y ■ 
4. Reporting procedure 

o ■ 
5. Project organization, Staffing, and management 

6. Cost information 

The above in no way precludes the Submission of additional information, 
* 

testing procedures, etc., that the bidder deems necessary. 
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PROJECT DEFINITION AND GOALS 

A. Project Background and Definition 

Although a liinited anount of scale deposition 
within aqueous systeas can be viewed as a positive 
deterrent to corrosion, extended scaling activity can 
lead to significant problems in fluid and heat 
transfer. Appropriate water treatnent mechanisms can 
be applied to correct and regulate this scaling ten- 
dency to desired levels, but the operational complexity 
and/or sophistication of these systems oftentimes 
discourages potential users. 

Recognizing this comnercial demand for a simpli- 
fied (i.e. at least from the user's perspective) 
approach to scale control, several manufacturers now 
offer proprietary water conditioning devices based upon 
permanent magnetic principles.^ As reported by the 
Water Quality Association,^ four (A) generic categories 
of permanent magnetic water conditioning devices 
(PMWCD) are currently available. Basic information on 
these groupings is provided as follows: 

Class-I: Longitudinal magnetic field. Field concen- 
trates and becomes transverse near the point of 
pole piece pipe contact. 

Class-II: Radial magnetic field. Field applied 
transverse to flow. 

Class-III: Radial magnetic field. Alternating field 
polarity along the flow axis. 

Class-IV: Magnetic field applied parallel to flow. 
Internal spiral field element. 

These permanent magnetic water conditioning devices 
have a decided marketing appeal, primarily due to their 
apparent ease of installation and purported effective- 
ness with minimal care. However, Performance Claims 
published for these PMWCD units have not been, quantita- 
tively validated under controlled testing conditions. 
This proposal, therefore, addresses a sta.ndardized 
evaluation process whereby the Performance capabili. ties 
of representative permanent magnetic water conditioning 
devices will be documented and qualified in a defined 
laboratory regime. 

B. Designated Project Goals 

These subject PMWCD units will be selectively 
chosen from the existing proprietary options to 



represent the major generic categories for such condi- 
tioners. Each device will be quantitatively evaluated 
under controlled environmental conditions according to 
the following factors: 1) scale production, 2) scale 
removal, and 3) physical/chemical modifications in 
discharged water quality. Characterization of positive 
and negative scaling behavior will be identified and 
analyzed using a downstreaa water heater and suspended 
test coupons. Overall, the obtained results will pro- 
vide a technically valid, reproducible documentation of 
the scale control capabilities maintained by the tested 
permanent magnetic water conditioning devices. These 
identified results will then be detailed in a final 
project report, with subsequent journal(s) publication 
as is authorized by the Water Quality Association. 

GENERAL PROJECT PLAN AND SCHEDULE 

A. Testing Protocol 

1. Literature Review: In conjunction with the inir 
tiation of this study, a thorough review of the-, 
pertinent engineering literature will be con-; 
ducted . 

2. Market Assessment and Contact: To initiate this 
study, the Research Team will canvass the associ- 
ated market to establish the existing proprietary 
options for permanent magnetic water conditioning 
devices. All identified manufacturers will subse- 
quently be contacted for further, details covering 

otheir unit's mode of operation, recommended appli- 
cations, expected Performance levels and basic 
cost. This information will then be organized 
according to the four expected generic categories 
discussed in the previous section, with additional 
groups developed as is warranted. 

3. Device Procurement: Having prepared a listing of 
the currently marketed PMWCD units, the Research 
Team will select two, and possibl'y three , 
representative units from each of the generic 
categories for subsequent laboratory'1* testing. 
Procurement of these specified devices will then 
be accomplished . It is anticipated that a total 
of eight or nine units will be purchased at this 
time, covering the gamut of 'internally' and 
Nexternally' mounted devices. 

A. Manufacturer Interaction: In conjunction with the 
purchase of these units, and prior to their 



laboratory evaluation, the Research Team will 
again contact each selected manufacturer Co advise 
them that their particular device has been chosen 
for further standardized testing. Identification 
of the additional units to be tested will, how- 
ever, not be disclosed. 

At this tirae, these manufacturers may also be 
advised of the anticipated testing protocol. In 
turn, they will be encouraged to provide comments 
and/or assistance germane to the development of 
the standardized testing format. After initiating 
such testing, though, future contact with each 
manufacturer will be limited to questions which 
may arise from the application of the testing pro- 
tocol to its product(s). 

Test Stand Development: Given the critical neces- 
sity for standardized testing of the subject PMWCD 
devices, the test stand apparatus must also be 
clearly defined and utilized. Several test stand 
options have been considered, including: 
c on t i nu ou s-f 1 o w and semi—batch mechanisms. Com-? 
plete automation of either testing procedure will' 
attractively be employed to ensure thoroughly 
reproducible Performance. Each option will 
include three basic segments: a) the raw water 
;source and feed pump, b) the coupled test device, 
and c) a closed water heater vessel and parallel 
flow bypass. Small-sized domestic-type water 
heaters ( approximate volume ~ 6 to 8 gallons ) 
will be employed as the test vess^els.Use of these 
heaters will provide a pragmatic verification of 
resultant scaling tendency. Complementary test 
coupons will be suspended within these vessels for 
in-depth monitoring, documentation and analyses of 
such scale . 

Standardization of Influent Raw Water: PMWCD dev- 
ices will be tested using an available ground 
water source . Purdue's School of Civil Engineering 
has installed a dedicated well-system solely for 
the purpose of obtaining a vitglh well water. The 
availability of this water thereby neg^tes pros- 
pective problems with polyphosphate dosing of the 
municipal source- 

Bi-weekly monitoring of constitutive chemical 
Parameters will be conducted to verify quality 
control. Total hardness of the ground water is 
approximately 350 mg/L as CaCO^ ( 310 mg/L as cal- 
cium and A0 mg/L as magnesium) . The available 
scaling tendency ( as measured by a high Langelier 



Index) of this water is, therefore, ideally suited 
to the needs of this study. Scaling character will 
also be verified through inplementation of control 
test runs in parallel with the subject devices. 

7. Standardization of the Applied Testing Routine: 
In conjunction with the routine evaluation of the 
raw water character and standardization of the 
test stand apparatus, the evaluation protocol must 
also be clearly established and practiced. Düring 
any given test, routine water quality testing will 
be conducted at three points within the test 
stand: a) the raw water intake, b) conditioned 
treated product effluent, and c) water heater 
overflow or discharge effluent. Characterization 
and analysis of scale deposition will also be rou- 
tinely conducted using a combination of chemical- 
testing, photographic documentation and scanning 
electron microscopy. Actual device testing will 
be conducted in three stages. Düring the first 
stage, each device will be evaluated using an 
ambient temperature raw water supply. The next 
set of tests will involve a change .in the 
throughput flow rate applied to each of the dev-^l 
ices. This modification will assess possible}. 
changes in device Performance with respect to pipe 
flow. The final set of tests will be used to 
establish and demonstrate the Performance reprodu- 
cibility of the test stand using selected condi- 
tioning devices. Inconclusive test runs obtained 
in either of the previous testing series, will 
also be repeated at this time . Conditioning units 
which exhibited positive retardation of scale pro- 

x-duction in the previous series of experiments will 
also receive additional evaluation at this time, 
only in this case their respective boiling vessels 
and submersed test coupons will be precoated with 
scale. Hence, these latter test runs will docu- 
ment the effect of scale removal for units capable 
of such Performance. 

B. Testing Schedule 

Figure 1 provides a chrono1ogica1 synopsis of the 
anticipated schedule for this project. 

III. SPECIFIC TESTING PLAN 

A. Test Stand Set-up 
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Project Honth (1 Year Total) 

Task 123456789 10 11 12 

Literature Review X X X X 

Market Assessment-- • 
and Contact XXX 

Device Procuretnent X X 

Hanufacturer 
Interaction XXX 

Test Stand 
Development XXX • fy. 

Rav Water Analyses XXXX XXXXX X X'X 

Test Stand 
Standardization XXX 

Testing Series 1 XXX 

Testing Series 2 XXX 

Testing Series 3 " X ^ X 

Monthly Report XXXXXXXXX X X X 

Six Mor.th Report ' X 

Final Report X 

Figure 1. Chronological Project Schedule 

i 



Alternative modes for the test stand mechanism 

include: continuous-f1ow and semi-batch Operation. As 
was previously emphasized, the adoption of an appropri- 
ate, standardized test stand mechanism is critically 
important to the validity of these studies. Flow 
schemes and related equipment components for these 
options are depicted by Figure 2. Each alternative 
includes a raw water reservoir, feed pump and coupled 
permanent magnetic water conditioning device. 

In the case of continuous-flow Operation, a regu- 
lated sidestream flow would be tapped from the main 
discharge line and used to maintain a fixed liquid 
volume within the water heater. Separate water heaters 
will be used to maintain testing uniformity. 

Several disadvantages are foreseen, though, for 
the continuous-flow option. By nature of its operating 
mode, each test would consume a significant raw water 
volume. This, in turn, would necessitate excessive 
laboratory attention required for effluent monitoring. 
A constant flow through the water heaters would also 
create problems with temperature • control and would not- 
be truly representative of the practical application 
conditions appropriate for these devices. 

The apparatus required for semi-batch processing 
is essentially the same as the continuous-flow system, 
with an additional set of inlet and outlet flow control 
solenoids (see Figure 2b). In this case, though, flow 
through the conditioning device will be regulated on an 
intermittent basis. When additional flow to the water 
heater is required (i.e. either to ref'ill the vessel or 
as makeup addition), the conditioning device would be 
activated, with flow via the bypass Channel also being 
initiated. After a fixed time interval, wherein the 
conditioning Performance of the device is allowed to 
stabilize, the inlet solenoid would divert the flow to 
the water heater. 

Semi-batch processing would essentially follow an 

established routine of Flow Input->Heat -> Flow Output. 
Repetitive cycling ( e.g. at 2 to A "hours) thVough this 
phased sequence would be expected to simula^e a "real 
world" application at most user households or installa- 
t ion s . 

Implementation of the semi-batch test stand 
apparatus raay offer several advantages. First, the 
overall demand for raw water would be considerably 
reduced from that of the continuous-flow system. This 
advantage would reduce laboratory handling complica- 
tions and icprove, or at least ease, the effort 
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demanded for quality control. Secondly, the semi-batch 
procedure is compatible with simultaneous device test- 
ing, as demonstrated by Figure 3. In this case, one 
raw water feed pump could Service several test stands 
using a controlled solenoid array for individua1ized 
flow distribution. A control (i.e. receiving Nuncondi- 
tioned' flow) and numerous devices can therefore be 
tested in parallel, pronoting the desired goal of 
standardized Cesting conditions. Non-metallic plurabing 
(i.e. Tygon tubing) would be used amongst the test 
stands on the brauched feed lines to negate possible 
transmission of electromagnetic interference . Addi- 
tional Isolation of the parallel test stands would be 
provided as deened necessary upon initiating the simul- 
taneous tests. Piping in the vicinity of the devices, 
though, would be of metal construction to simulate a 
"real world" application. Finally, intermittent test- 
ing of the permanent magnetic conditioning units would 
likely represent a more appropriate and challenging 
testing mode, whereby the Performance of each PMWCD 
device is documented under dynamic conditions compar- 
able to their application by a Standard user. 

Although each of the testing options (continuous-^ 
flow and semi-batch) is amenable to automated opera-A 
tion, the latter mechanisms would particularly favor 
the use of advanced process Controllers. 
Microprocessor-based automation of the batch test stand 
apparatus would accordingly be employed for these stu- 
dies, as shown by Figure 3. Equipment available within 
the Purdue Environmental Engineering Laboratory (i.e. a 
Westinghouse Numa-Logic Controller and associated CPU, 
I/O and CRT loader) ideally matches this requirement 
and would significantly promote the standardized opera- 
t i o n < • o f the employed test stands. This latter control 
feature represents a particularly attractive contribu- 
tion to the overall testing protocol. 

B. Raw Water Source 

The available ground water source at Purdue offers 
a simplistic solution to obtaining a desired xhard, 
scaling' water. Total hardness, alkalinity, total dis- 
solved solids and pH will be röutinely mohitored to 
insure a consistently high Langelier Index. , .( 

C. Performance Evaluation Parameters 

The following parameters and/or criteria will be 
used to qualify and quantify the Performance of the 
permanent magnetic water conditioning devices: 
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Boiling water scale tendency 

2. Scale characterization 

3 . Surf ace tens ion 

A. Boiling point depression 

5. Specific conductivity 

6 . pH 

7. Alkalinity 

8 . Calcium 

9 . Magnesium 

10. Total dissolved solids 

Criteria 1) and 2) will be applied to the coupons sub- 
mersed within the boiling vessel. Relative changes in 
Parameters 3) through 10) will be identified using^ 
water samples taken from three locations within the^ 
test stand setup: a) the raw water feed stock (i.e.-. 
influent), b) conditioned discharge/bypass effluent, 
and c) conditioned water heater vessel effluent. 

Parameter Analytical Procedures 

The majority of analytical procedures employed 
during this study will conform to standardized tech- 
niques established by Standard M e t h o d gjv and the Ameri- 
can '""Society for Testing and Materials (ASTM).6 Charac- 
terization of scale formation will, however, entail an 
observation/testing series specifically developed for 
this study. 

Further elaboration on the applied analytical pro- 

cedures for each of these evaluation factors is pro— 
vided as follows: 

1. Hot Water Scaling Tendency ' , ' 1 v ' 

a. Photographic (color) documentation*' of con- 
secutive test coupons. 

b. Visual observation recordings. 

c. Gravitimetric scale analysis of scale buildup 
( quantified using pre-weighed ASTM test 
coupons ) . 



2. Scale Characterization 

a. Surface sampling of scale residue (ASTM). 

b. Residue analysis (S tandard Methods - Atomic 
abs or p t ion) 

- Calc ium 

- Magnesium 

- Iron 

c. Scanning electron photo-microscopy (SEM) of 
coupon scale . ? 

d. Energy dispersive x-ray (SEM-EDAX) analysis 
of coupon scale . ^ 

- Calcium 

- Magnesium 

-Iron ■ • 

3. Surface Tension (ASTM) 

4. tBoiling Point Depression (ASTM) 

5. Specific Conductivity (Standard Me thod s ) 

6. pH (Standard Methods) 

7. Alkalinity (Standard Methods) ^ V 

8. Calcium (S tandard Me t hod s) 

9. Magnesium (Standard Methods) 

10. Total dissolved solids (S tandard Methods) 

Testing Series: 1 (Ambient Temperature Flow) 

The initial series of tests will employ an ambient 
temperature raw water, with a total hardness .9f'approx- 
imately 300 mg/1 (as CaCO^^ Three chronological test- 
ing sets are envisioned during this series, with each 
set encompassing the parallel evaluation of one (1) 
control and three (3) PMWCD units. Each of these study 
sets will be run for a one month period, such that com- 
pletion of the three testing sets will cover three (3) 
months (see Figure 1 regarding this testing schedule). 



Quantitative monitoring of each device during its 
respective testing period will comprise a collection of 
daily, biweekly, and weekly tests. For the first week 
after initiating each test set, daily water samples 
will be obtained and analyzed for the specified Parame- 
ters. Subsequent water analyses will be conducted on a 
biweekly basis. Visual, tactile and photographic docu- 
mentation of scaling behavior will be handled on a 
weekly schedule, or sooner if warranted. At the end of 
each consecutive week, test coupons will be removed 
from the water heaters and stored for subsequent scan- 
ning electron microscopy study. The final (i.e. after 
the fourth week) test coupon will be analyzed for 
specific scale constituents using chemical and energy 
dispersive x-ray analyses. 

F. Testing Series: 2 (Modified Influent Flow) 

The second series of applied tests will be devised 
to critically ascertain the effects of variations in 
raw water flow rate through the PMWCD units. Flow rate 
will be changed at the feed pump. This series of tests 
will essentially follow the preceding format, with each 
set of three devices and a "control being studied in. 
successive one-month periods. '' 

G. Testing Series: 3 (Scale Removal Behavior) 

The final testing series will serve three func- 
tions: 1) to demonstrate test reproducibility on 
selected PMWCD units, 2) to repeat inconclusive tests 
observed in either of the two preceding testing series, 
and 3) to evaluate.the scale removal effects offered by 
these ^onditioning' devices. Repetttion of a limited 
number of device tests will serve to validate the 
standardized character of this project. In terms of 
the scale removal behavior, subject PMWCD units which 
display significant, positive retardation of scale 
deposition in either previous testing series will be 
subjected to further evaluation. Rather than Start 
with a clean boiling vessel and test coupons, though, 
these latter studies will employ ^pre-scaled' materi- 
als. Progressive observation of the maintained scale 
character and presence will cohsequently document the 
potential effect of scale removal offered.^by these 
specific units. 

REPORTING PROCEDURE 

A. Monthly progress reports: 



These documents will .be submitted to establish 
compliance with the intended testing schedule and to 
provide available test results and scale photographs . . 

B. Six Month Progress Report: 

The six month report will provide further details 
on the progress of the overall study, particularly cov- 
ering the ambient teraperature results. Possible raodif- 
ication of future testing procedures and/or goals will 
be considered at this point as is warranted by prior 
results . 

C. Final Project Report; 

A final report will be submitted upon completion 
of the twelve month study, covering in detail the Per- 
formance results observed with the subject devices. 
This final report will specifically address the 
research goals identified in Section I-B of this propo- 
s al . 

D. Subsequent Report Publ i ca t i on ( s ) : f., 

Future publication of the results of this study in 
a suitable journal(s) will be pursued upon authoriza- 
tion by the Water Quality Association. Such publica- 
tion :wi 11 be handled using anonymous references for the 
subj ect units. 

PROJECT ORGANIZATION/MANAGEMENT/STAFFING 

A. Organization and Management: 

The Research Team for this project will consist of 
a principal investigator and one assigned graduate 
research assistant. Responsibilities for this research 
assistant will cover the daily tasks relevant to the 
completion of this study as are assigned and overseen 
by the principal investigator. The principal investi- 
gator will handle all data evaluation, scale documenta- 
tion, report development and specialized scanqing elec- 
tron microscopy analyses (including SEM and EDAX). 

B . S taf f ing 

1. Principal Investigator: 
James E. Alleman, Ph.D., P.E. 
Associate Professor 
Environmental Engineering Area 
School of Civil Engineering 



Purdue University 
West Lafayette, Indiana 47907 
(317) 494-7705 

2. Graduate Research Assistant: 

To be selected form the existing graduate 
p ersonnel pool . 

VI. AVAILABLE LABORATORY SUPPORT 

As a component area within the School of Civil 
Engineering, the Environtnental Engineering Area maintains a 
state-of-the-art laboratory in water/wastewater systems cov- 
ering over 15,000 Square feet. A representative sampling of 
the available research-grade equipment includes: advanced 
atomic absorption spectrophotometer, gas chromatographs, 
total carbon analyzers, and microprocessor-based systems 
Controllers. Scanning electron microscope facilities are 
provided both within the school, and in somewhat greater 
sophistication, at the adjacent Chemical Engineering Build- 
ing. Dedicated CE Computer facilities and terminals are^ 
extensively available within the" School, as are support' 
shops providing complete technical services for construc- 
tion, wiring, and general production of laboratory reactors, 
etc. 
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BUDGET 

Budget Subnitted to the Water Quality Association 
A. Salaries &.Wages 

1. Senior Personnel* 
Principal Investigator   3120 

2. Other Personnel 
Graduate Research Assistant    6600 

Total Salaries & Wages   10320 
Grad Fee Remission   359 4 

TOTAL COMPENSATION  139 14 

B. Fringe Benefits 
Total Fringe Benefits   9 79 

C. TOTAL COMPENSATION AND FRINGES  1489 3 

D. Non-Personnel Direct Costs 
Travel - Domestic   200 
Publication & Duplication   250 
Other   1100 
Scientific Equipment**    2500 

E. Total Non-Personnel Direct Costs   4050 , 

F. TOTAL DIRECT COST   189 43 

G. Indirect Cost 0.40 of MTD Cost   5140 

H. TOTAL COST  24083 

* The senior personnel budget amount represents a 10% 
calendar- year effort. An additional ef-fort of 5% 
is envisioned and will be covered by the Principal 
Investigators current academic Support. 

** Scientific equipment purchased on this project will 
consist of the tested permanent magnetic water 
conditioning devices (8-9 each at $200 per unit) 
and one (1) Masterflex inlet feed pump. 
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INTERIM PROJECT REPORT 

PROJECT: 

TO : 

FROM: 

DATE : 

PROJECT: 
DETAILS 

TEST STAND IMPLEMENTATION 

Figures 1 and 2 provide front and rear views of the test stand 

developed for this project. This facility includes ten (10) 

identical 6-gallon electric water heaters, each of which can ,be 

connected to the same raw well water streara. Placed in parallel, 

these water heaters are controlled by the programraable Controller 

shown on the right side of Figure 2. This latter inicroprocessor 

regulates two separate control schemes, including: a) line power 

to the heater coils within each unit, and b) opening and closing 

of the water solenoids to input and Output water through the 

. r.: 5 V • 
waterheaters. 

At present, eight of the water heaters are actually tied into the 

well water distribution system. The remaining units will be 

included as they are needed. Of the eight which are hooked up , 

ASSESSMENT OF PERMANENT MAGNETIC WATER C0NDITI0NERS 

LUCIUS COLE, P.E. 
Technical Director 
Water Quality Association 
4151 Naperville Road 
Lisle, Illinois 60532 
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School of Civil Engineering 
Purdue University 
West Lafayette, Indiana 47907 

(^23 April 19 84 ") 

Purdue Acct. No. 0651-57-1284 
Timeframe: 1 July 1983 -> 30 June 1984 
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five are equipped with magnetic water conditioners, "one is used' 

for a control, one is broken, and one is awaiting the arrival of 

-another test device. The broken water heater has a defective 

heater block. Kowever, the warranty on these water heaters was 

invalidated by our nodification of these units (i.e, cutting 

holes in the tops of the tanks) and consequently the repairs will 

be attempted by our Civil Engineering Electrical Shop. 

The control schemes employed with the current set (i.e. six) of 

on-line water heaters are as follows: 

© The outlet valve on each unit is engaged for thirty seconds , 

during which one-half gallon of water is released. Regulation of 

this flow is accomp lished by prior adjustment of a valve placed /> 

on the inlet side of each tank. This discharge corresponds to a 

1.0 gpm flow rate which the manufacturers were advised would be 

employed in our test setup. These discharge tiraes are staggered 

from one tank to the next, with the cycle being repeated every 

half hour. ^-v ^ 

® Two seconds after the discharge is completed for a given tank, 

the power to the this tank's heater is activated and maintained 

for five rainutes. These power periods are also staggered such 

that a given water heater is engaged for five minutes and off for 

the next fifteen minutes. This pattern appears sufficient to 

maintain the given temperature set-point. 

The only problem which has arisen with the test stand has stemmed 

from difficulties with sealing of the caps over each tank's 



sarapling hole. These alurainum caps utilize a rubber gasket to 

seat against the tank housing and are secured by six bolts and. 

wing nuts. However, thorough sealing of the tank requires placing 

an extreme torque on the nuts. In turn, several of the nuts have 

stripped and/or sheared off. Within the past few weeks, we have 

experiraented with using a silicone caulk to improve our sealing 

procedure and have generally been pleased with the results. 

INVOLVED CONDITIONER UNITS 

As previously mentioned, our test stand currently has five per- 

manent magnetic conditioning units installed. Vendor names asso- 

ciated with these five units are as follows; 

1 . Hako 

2 , Aqua-Flow 

3. Superior K, ^ 

4 . Des calamat i c 

5. Aqua-magneties (believed to be an affiliate of Bon-Aqua) 

The Aqua-Flow and Aqua-Magneties units eomprise exterior mounted 
. .• ■•••.,: t- 5 V " 

magnets. The remaining units are all in-line eonditioners, 
I • 

although eaeh offers a different internal flow seherae. 

Two additional deviees have been ordered but have not been 

reeeived as yet. These inelude: 



TABLE J_ 

Water Sampling Results 

• • ♦- v Calcium Tot.Hardness Alkalinity 
Date Sample pH Conductiv.ty 

Uhos) (.g CaC03/L) (mg CaCOS/L) Cng CaC03/L) 

3-27-84 1 in 7.27 

1 out 7 .A7 

2 in 7.25 

^ 2out 7.43 

4 in 7.32 

4 ou t 7.49 

5in 7.37 

5 out 7.68 

6in 7.3 2 

6out 7.55 

7 in 7.47 

7 ou t 7 .55 

4-3-84 1 in 7.40 

1 out 7.64 

2 in 7.49 

2out 7 .59 

4 in 7.34 

4 out 7.38 

5 in 7.36 

5out 7.47 

6 in 7.40 

779 

790 

756 

802 

804 

824 

806 

805 

805 

820 

807 

812 

773 

779 

779 

751 

785 

778 

794 

789 

788 

217 .6 

233 .2 

237 .2 

141.1 

239 .1 

239 .1 

186 .2 

194 .0 

234 .2 

Mh 

338 .4 

361 .0 

37 6 .0 

364 .7 

398 .6 

364 .7 

379 .8 

368 .5 

379 .8 

't 

318 .0 

296 .8 

318 .0 

296 .8 

339 .2 

296 .8 

318 .0 

318 .0 

318 .0 



6 ou t 7.57 

7 in 7.36 

7 ou t 7 . A 3 

795 

799 

781 

217 .6 

233 .2 

229 .3 

394 .8 

330 .9 

310.2 

275 .6 

339 .2 

291 .5 

4-6-84 2ou t 1 82 .3 338 .4 

(NOTE: These samples were run to follow up on the low control samples 

observed on the previous sample run) 

4-10-84 lin 7.51 745 

1 out 7 .48 7 30 

2 in 7 .62 747 

2 ou t 7 .53 736 

4 in 7 .54 752 

4 ou t 7 .50 744 

5in 7.68 754 

5 ou t 7 .53 750 

6in 7.59 752 

6 ou t 7 .58 749 

7 in 7 .6 3 754 

7 ou t 7 .53 753 

176 .7 

168 .6 

199 .9 

176 .4 

188 .2 

176 .4 

164 .6 

180 .3 

192.1 

168 .6 

192.1 

199 .9 

376 .0 

368 .5 

37 6 .0 

364 .7 

372 .2 

345 .9 

376 .0 

330 .9 

361 .0 

K 297 .0 

357 .7 

334 .6 

317 .8 

300 .4 

313 .5 

304 .8 

317 .8 

30^ .1 

322 .2 

313 .5 

317 .8 

317.8 

317 .8 

313 .5 

4-17-84 These results are shown by Figures 3 -> 8 
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1 . Fluid Tech 

2. Hydrosystems 

The Fluid Tech model was ordered several months ago but the 

manufacturer has since indicated an unwi1lingness to follow 

through on the order. In a recent call to the vendor, he stated 

that he was not going to send the unit "because of manufacturing 

Problems." A nuraber of other vendors have exhibited a reluctance 

to seil us their models....and in some instances have become 
/ 

rather hostile with respect to our purpose and motivation. 

WATER SAMPLING 

Water sampling has been completed on both the influent 

(untreated) stream and the outlet ( " condit i oned11, heated) stream. 

All such samples are taken on the same day and as close together 

as possible to insure a representative sampling a^rray. 

The results of our water sarapling prograra on all six of the on- 

line water heaters are given by Table 1. Representative schemat- 

ics of the most recently obtained data (17 April 84) are given by 

Figures 3 through 7. These results do not indicate any signifi- 

,.... r.: i V ■ 
cant differences between the magnetically treated and the control 

I ■ 
samples with respect to pH, alkalinity, calcium, total hardness, 

and conductivity levels. 

Surface tension raeasurements have only recently been instituted 

and are as yet not available for evaluation. The Instrumentation 



associated with this latter test is rather tedious" ahd^ user1- 

specific, such that the involved graduate Student does not yet 

feel comfortable with the accuracy of the obtained results. How- 

ever, even these results appear to parallel the indication that 

there is not a significant difference between the units and the 

control heate r. 

Figures 3 through 7 also indicate quantitative differences 

between inlet and outlet water through each of the six water 

heaters. In this regard, the results appear to show the following 

t rends: 

1. The pH rises slightly after passage through the tanks. This 

change is believed to occur in relation to a dissipation of 

carbon dioxide from the well water. 

2. Alkalinity drops after passage through the tanks. This 

result may again relate to carbon dioxide dissipation. 

_ • Ii 
3. Calcium and total hardness levels tended to "decrease during 

passage through the tanks. This behavior is believed to 

indicate scaling deposition of hardness within the water 

h ea t e r . 

A. Conductivity also dropped after passage through the water 
. .. i-: ■ V • 

heaters. Again, this is believed to represent the) loss of 

ions...possibly in relation to internal scaling. 

Overall, there simply was not a lot of difference between the raw 

water and treated/heated water. Furthermore, the control and 



treated samples were also quite similar. 

-METAL COUPON SAMPLING 

Before placing the water heaters into Operation w i t h their 

respective conditioning device, each was packed with four raetal 

coupon "trees" These "trees" were fabricated from PVC pipe which 

had been weighted and slotted to carry twelve metal coupons in a 

vertical alignment within the heater. Figures 8 and 9 depict top 

and bottom views of one such "tree" after its reraoval from one of 

the water heaters. The twelve coupons included three specimens 

each of four separate metals (i.e. mild steel, stainless steel, 

brass, and copper). With four such "trees" placed in each heater, 

there are a total of 48 metal coupons to be sampled over the fol— 

lowing months of evaluation. 

Each of these metal coupons was previously weighed and cleaned 

according to the applicable ASTM specifications . Each coupon was 

K . * 
also stamped with an identifying number in order to track its 

subsequent analysis and positioning. 

To date, more than twenty of these metal coupons have been 

removed from the water heaters. The original plan for analyzing 

these specimens included weighing each to grossly asse^S. scale 

deposition. However, it soon became evident that each such coupon 

carries an iron film in conjunction with the iron content (i.e. 

1.5 to 2.0 rag/L) of our well water such that a simple weight 

change would not provide much Information. Hence, these coupons 
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Hence, a new procedure for analyzing scale on these coupons is 

now being developed whereby each will be digested in an acid bath 

to remove all attached scale followed by a calcium and magnesium 

analysis on an atomic absorption spectrophotometer. It is 

believed t h a t this latter techniqued will afford a specific 

determination of scale buildup on all of the withdrawn coupons. 

In addition, the involved graduate Student has also initiated her 

familiarity with the use of scanning electron microscopy whereby 

photomieroscopy may also be initiated on these saraples. 

As for qualitative results on these metal coupons, there does not 

appear to be any significant Visual difference between any of the 

removed coupons, including treated and untreated. Inspection of 

the bottom surface of each coupon may be used as a general indi- 

cator of scale development since it is not affected by the depo- 

sition of preeipitated iron. As such, comparisons between similar 

metals from each water heater do not exhibit noticeable differ- 

K ■ i 
ences. In fact, it is rather hard to teil the difference between 

any of the metal speeimens after a few weeks, with the exception 

of the mild steel samples. These coupons have shown considerable 

decay and exhibit a bubbling phenomenon similar to corrosion. 

PROJECT SUMMARY ^ 

•v I • 

The project is progressing steadily at this time, although it is 

approximately three months behind schedule due to unforeseen dif- 

ficulties in the construction of the test stand. As a result, it 

is projected that the project will not be completed within the 30 



June 1984 timeframe. Every effort will be made, however, to 

expedite the study. 

Although a major problem has been encountered with sealing of the 

water heater lids, this difficulty has apparently been solved 

with the use of a silicone caulk. Use of this latter gasketing 

compound maintains system pressure within the desired ränge of 15 

t o 20 ps i . 

Water sampling has not revealed a significant difference between 

the treated systems and our control. The only parameter which 

shows any such trend is pH, where a small increase of 0.1 to 0.2 

units frequently develops between the influent and effluent 

points. This increase, however, appears consistent with an anti- 

cipated dissipation of carbon dioxide from the well water. 

Sufficient analyses have not yet been completed on the metal 

coupon samples to establish whether scale formation has been sig- 

nicantly affected by the employed devices. Rasend solely on 

Visual appearance, though, there does not appear to be much 

difference from the control system. 

BUDGET REVIEW 

, i.: s V • 
Construction of the employed test stand required considerably 

's (• 

more of an expenditure in time and money than had originally been 

planned. As a result, the study is now three months behind and 

more than $1500 below the budget residual projected for this 

period. Hence, cost cutting measures have been implemented 



wherever possible. Furthermore, an extension in tirae will be 
"•r ' -'-J • ■ Di! :- •' • i 

requested in conjunction with the inherent delay of the project. 

This request for an extension will be subinitted under separate 

cover. 



PURDUE 

* * * SCHOOL OF CIVIL ENGINEERING 

August 6, 1984 

Mr. Lucius Cole 
Technical Director 
Water Quality Association 
4151 Naperville Road 
Lisle, Illinois 60532 

Dear Mr. Cole, 

Please find attached the following items: 

a) A graph on calcium accumulation for the brass metal coupons 
placed within our water heaters, 

b) Tensiometer results on surface tension, 
c) Water quality data for our 13 July '84 sampling. 

C!-C1'Um depicts the trerld we are seeirlg whereby the surface coating is continuing to build, with the control being not much different 

era uanv'^ndf^6^- V*?' the C0ntr01 on th^s particul^ cou Sn set actually tends to be on the low side. Incidentally, PMWCD unit number- 
one shows strong evidence of "promoting" scale formation. 

have failed t0 demonstrate signiSicant variations 

snorad c A Un^S-+J ^ have Joyce complete the t"st on 1 sporadic basis to venfy this observation. 

Jhe pre0cVIdd1ndaWLltr.qUar^y-data .f0Il0W? ^ Same trends we had "itnessed on tne preceding tests. Calcium and total hardness levels both decrease 
from influent to effluent sides of the heaters . . . rather teilte 
evidence of scale formation. teinng 

which II 0n 3 neW computer data Management & plotting system with 
results as ^nnn th0Ur Presentation °f results. I'Jl, .send along^' these results as soon as they are available. 

Best regards, 

^ Lcn^c i i /c^c/ 

James E. Alleman, Ph.D. 
Associate Professor 

JEArcsd 

enc. 
Civil Fnqineeriny Building 

L.if.r. otte. Indian.i 47907 
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PURDUE 

[VERSITY SCHOOL OF CIVIL ENGINEERING 

MEMORANDUM 

TO: Mr. Lucius Cole, P.E. 
Technical Director 
Water Quality Association 
4151 Maperville Road 
Lisle, Illinois 60532 ^ 

FROM: James E. Alleman 
Associate Professor 
School of Civil Enigneering 
Purdue University 
West Lafayette, Indiana 47907 

DATE: 15 November 1984 

RE: Progress Report -- 
Assessment of Permanent Magnet Water Conditioners. 

Since your last visit on 31 August 1984, we have completed our data 
acquisition and are now finishing up the analysis of the data. Highlights 
are as follows: 

The water heaters were opened in late August to remove the 6-month 
coupons. Two new sets of the four (i.e. brass, stainless steel, mild steel, 
and copper), types of coupon were placed in the water heaters at that time 
to confirm our short-term scaling data. After one week,'"onevof the new 
coupon sets was removed. The amount of scale was much less than expected. 
This is most likely because the existing scale on the old coupons and on the 
water heater walls provided better sites than clean mfetal for crystallization 
In mid October all the old coupons were removed and the water heaters were 
thoroughly cleaned. Although not quantified, each water heater was simil- 
larly coated with scale on the inside surface. A new set of brass coupons 
was placed in each water heater for a period of ten days. Three of the 
water heaters (#1, 4 and 5) could not be resealed due to stripped bolts 
which could not be replaced. The purpose of this test was to confirm the 
Short term scaling rates and to determine if there was ähy effect *dUe to the 
water heaters at the same time. Overall the analysis of this data is not 
complete. It will be included in the final report. 

Boiling point tests were performed on the magnetized water. Although 
the Specialized ASTM apparatus was not available, substitute apparatus was 
used which is basically equivalent to the ASTM procedure. The results are 
enclosed. A füll description of the procedure will be included in the final 
report. 



MEMORANDUM 
15 November 1984 
Mr. Lucius Cole 

Surface tension measurements were repeated on the magnetized water. The 
results are enclosed. 

Water quality testing v/as continued. A copy of the October results are 
enclosed. 

The final report will be forwarded when completed. The following for- 
mat will be used to present the data. Please feel free to comment on the 
format. 

A. Water Quality Monitoring 

1. The numerical values of the ran data for each parameter 
(temperature, pH, conductivity, hardness, calcium, 
Alkalinity) will be presented on separate Charts. Each 
chart will Ii st the values by test date (elapsed time 
from initial test) for each of the sample points. 

2. The water quality parameters will be graphed for each 
water heater (influent-effluent) versus elapsed time. 

B. Coupon Scaling Data 

1. For each coupon material (mild steel, stainless steel, 
copper and brass) the amount of scale, expressed as 
milligrams of calcium per unit area of scaling surface, 
will be presented in a chart according to elapsed time 
in the water heater and water heater number. 

2. For each coupon material and each magnetic device, the 
amount of scale versus elapsed time will be graphed. 

JEArcsd 

Enclosures 
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