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EXECUTIVE SUMMARY

An on-site field tnal was conducted by Aqua Science Consultants Pty. Ltd. on
behalf of Hydro Flexible Solutions, at a Victorian regional swim school, to
determine the effects of Heat$avr in a commercial pool appfication. The pool
facility was investigated over a five- week period. A conventional, accepted water
treatment method was in operation throughout the trial.

The trial compared no Heat$avr, with the addition of Heat$awr. Existing operations,
and procedures maintenance levels were continued throughout the frial, including
use of a thermal blanket in periods of non-use.

Application of Heatdavr caused no detrimental effects to any of the generat
chemical water quality parameters investigated. Microbial quality remained
exceptional both prior to and during Heat$avr addition.

Condensation levels were reduced by 10 % with addition of Heat$awr. Gas
consumption was consistently reduced by over 18%. The pool operator in control
of the pool, will continue to utilise Heat$awr, to minimise future condensation
problems and reduce heating costs.
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1. INTRODUCTION

Requirements of the Victorian Public Health Regulations, (1880), for commercial
pools, have been established to meet certain microbial objectives. Chemical levels
are specified to minimise public heaith risk caused by microbial contamination.

Heated water can potentially be a heailth risk if Regulations are not adhered to.
Chemical treatment and filtration are currently utilised to achieve this purpose.
Apart from the challenging conditions constantly faced by pool operators in
meeting with the Regulations’ criteria, heated pool water can cause a range of
associated problems in indoor environments,

Such problems include high energy costs and evaporation/condensation issues.
The product Heat$avr has been developed to reduce these problems.

Use of the product Heat$avr in a heated pool application has been proposed as
potentially suitable to minimise evaporation losses. Effects on other water quality
indicators must also be measured.

An on-site field trial was undertaken at a regional Swim School exhibiting an
historical record of Regulatory compliance, together with an existing condensation
problem. The effect of Heat$avr in a commercial application, on a range of
indicators, was subseguently measured and compared against control conditions.

2. AIMS

This trial aims to establish the effect of Heat$avr in a commercial pool
environment on:

2.1. Microbiological quakty

2.2. Sanitiser consumption

2.3. Stability of sanitiser level

2.4. Demand for water balance chemicals
2.5. Stability of pH

2.6. Filter characteristics

2.7. General water clarity

2.8. Condensation levels

2.9. Gas consumption (pool water heating)
2.10.Bather comfort
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3. MATERIALS AND METHOD

3.1. Pool Details

Location:; irrewillipe, Victoria

Type: Commercial, indoor, heated

Finish : Fibreglass

Volume: 60,000 litres

Bather load: 215 per week (maximum 70 per day - 5 days per week)
Filtration: Waterco Micron 5T02 (150 kg sand)

Pump: 1 x Poolrite SF100

Sanitiser. Salt Chlorinator

Superchlorination: Sodium Hypochlorite, Calcium Hypochtorite

Other chemicals:  Sodium Bicarbonate, Hydrochloric Acid, Rock Alum

Back washing: Backwash five nights per week for 4 minutes plus 30
seconds rinse

The facility was operated by a trained operator. A conventional water treatment
method was in operation throughout the trial, as required by Purification Standards
for Public Swimming Pools and Spa Pools (Victoria, 1990). Automatic chlorine
dosing occurred.

The operator had added the Heat$avr product just prior to the ftrial
commencement. Initia! results in condensation reduction were so noticeable that
the operator/owner wished to continue using the product.

3.2. Treatments

The trial compared no Heat$avr, with the addition of Heat$avr, in conjunction with
existing operations, procedures and maintenance levels.

Usuai operating procedures and maintenance levels were employed throughout
the trial Heat$avr was added by the pool operator in accordance with the
supplier's instructions at a rate of 46 ml per 80 m surface area of pool water. A
total of 80mi was initially added. A further 80ml was added on Mondays,
Tuesdays, Thursdays, Fridays and Saturdays, for the trial duration, to replace
backwash dilutions.

3.3. Trial Duration

The trial commenced in early September, 1998. It incorporated four one-week
replicates with completion of the trial at the end of October, 1998. The trial was
interrupted for four weeks due to school holidays and the Victorian gas crisis.
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3.4. Sampling Procedure

The samptling site was chosen during a site inspection conducted by Aqua Science
Consultants. The sampling point, near the skimmer box, was chosen to represent
overall water quality throughout the pool.

The sampling procedure used for the sample collection was based upon the
*APHA recommended methods. The criteria for the selection of sample containers
was based upon the Australian Standard (AS 2031.2).

Two samples were taken at the sampling point - one in a Decon-washed
polyethylene bottle for chemical analysis, and the other in a sterilised bottle
treated with sodium thiosulphate for microbiological analysis. All samples were
collected from approximately 30cm under the surface of the pool water. Samples
collected for both the chemical and microbiological analyses were stored on ice
prior to testing.

All chemical analyses were carried out at Aqua Science Consuitants’ Laboratory
in Braeside. The type of chemical analysis performed and the methods used will
be discussed further in Section 3.6.1. Microbiological analyses were conducted
by a NATA (National Asscciation of Testing Authorities) Registered {aboratory.
All results were compared to requirements of the Standards. The chemical and
microbial requirements of the Standards are summarised in the tables below.

Chemical Standards for Swimming Pools

Parameter Standards
Free Chlorine 1.0 - 8.0 ppm
Total Chlorine 1.0 - 8.0 ppm
Combined Chlorine Not over 1.5 ppm
oH 7.2-80.
Total Alkalinity Not under 60 ppm

Mi_crobiologiﬁl Standards

Parameter Standards
TPC Not greater than 100 Colony-forming-units
cfu per mi
Ps. aeruginosa Not detected in 100 m! (N/D)
Coliforms Not detected in 100 m! (N/D)

* Standard Methods for the Examination of Water and Waste Water, 18th Edition, 1592, American Public
Health Asgociation.
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3.5. Sampling Times

Laboratory samples were collected once per week at a specified time, from time (t)
= 0 to (t) = four weeks. Each week represents one replicate. A total of five sampies

were collected during the trials.

On-site results were recorded by the poo! operator on a four-hourly basis, as
required by Regulations. Further observations were recorded on a daily and twice
daily hasis.

Retrospective data collection for historical records provided details of the "Control”
conditions (minus Heat$avr), which allowed comparison of results.

3.6. Measurements
The following measurements were recorded at each sampling time:

3.6.1. Chemical Analysis (Laboratory)

1. Free Chlorine {ppm) using Colorimetric Photometer - Lovibond DPD No.1
Method

2. Total Chlorine {ppm) using Colorimetric Photometer - Lovibond OPD No.1 plus
No. 3 Method

3 Combined Chlorine - read-out from the photometer (subtract (4) from (5))

4, _pH using a digital Radiometer PHM 95 pH/ ion meter (+/- 0.01 unit accuracy)
with combined pH electrode

5. Total Alkalinity (ppm?} using Colorimetric Photometer - Lovibond Alka-M-
Photometer Method

6. Redox (mV) using a digital Radiometer PHM 95 pH/ ion meter (+I- 20 mV) with
combined platinum electrode

7. Total Dissolved Solids {ppm) using analogue Conductivity meter {+/-50 ppm) with
© combined carbon electrode

8. Sodium Chloride (Salt) (ppm) using a digital Radiometer PHM 95 ion meter (+/- 5
mV) with combined platinum electrode

g. Calcium Hardness {ppm) using Colarimetric Photometer - Lovibond Calcheck
Method

10. Copper (ppm) using Colorimetric Photometer - Palintest Coppercal Method

11. Iron {ppm) using Colorimetric Photometer - Palintest {ron LR Method

12, Sawraiion Index (F1) valeulated rom above using Langelicr Scaie
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36.2. Microbiological Analysis {Laboratory}

Microbiological determinations were conducted by a NATA Registered taboratory
as required by the Standards. Analyses included:

{i) Total Plate Count (TPC)

{ii) Pseudomonas aeruginosa (Ps. aeruginosa)
(iit) Coliforms

36.3. 0On-Site Records and Observations

Data sheets were provided by Aqua Science Consultants and collected on a
weekly basis. The following daily tests and observations were requested from the
pool operator at four-hourly intervals:

b A Gl ol e

Free/Total/Combined Chlorine levels
pH

Redox

Ciarity

Filter pressure

Bather load

Bather effect (0-5)

General comments

These additional factors were also recorded:

1. Chemical additions required {daily)}

2. Backwashing frequency and duration (daily)

3. Total Alkalinity (daily)

4 Calcium Hardness (daily)

5. Condensation level (0-5) (twice daily)}

6. Temperatures (pool water, pool hall, cutdoor) (twice daily)
7. Gas consumption for pool heating {(weekly)

Means and Standard Deviations were calcuiated and results tabulated using a
Microsoft Excel package.

4,

RESULTS

See Appendix for Raw Data Tables

A summary and comparison of results is provided in Tables 1 - 4
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4.4. TABLE 1: COMPARISON OF WEEKLY LABORATORY RESULTS
_______ _{MINUS/PLUS HEAT$AVR)

S Yot Ale 1wl Yo tppmi |
IHeat§avr

Mean 3.69 562 | 193 {755 1 217 | 736 | 4500 | 3120 | 38 [<«00i |01 | 03 | wo | nD
StiDevi} 332 200 | 052 | 025§ 73 | 56 | 424 § 440 | 13 J 000 jo00 o2 | o 0
Plus
{Hoatsavt

Mean 384 | 475{ 0085|728 | 81 | 776 (4020|358 | 86 (<0 {001 | 03 | NOD | ND
sdbve | 085 | o078 ]012]002] 1 17 [ er2 ] me | 4 looo o000 o1 | wD | ND

*Closed from 18/ - 12/10 due to school holidays and gas crisis

When no Heatdavr was added, the average free chlorine laboratory result
recorded was 3.69 £ 3.32 ppm. There was very little variation to the average result
of 3.84 + 0.85 ppm obtained during the addition of Heat$avr. Less free chiorine -
fluctuation was observed with Heat$avr added (Table tA).

Laboratory results showed the average combined chlorine level (minus Heat$avr)
was 1.93 + 0.52 ppm. At both sampling times, the combined chiorine level was
found to exceed Regulations (Table 1A).

Combined chiorine levels in laboratory samples were found to comply with
Regulations during the trial (plus Heat$avr). The average level was 0.91 + 0.12
ppm (Table 1A).

The average laboratory result for pH (minus Heat$avr) was 7.55 + 0.25 The
average result for plus HeatSavr was slightly lower (7.26 + 0.02).

The average total alkalinity result plus Heatdavr was 181 + 11 ppm which was
slightly less than the minus Heat$avr average of 217 + 73 ppm. Laboratory results
showed very little fluctuation in total alkalinity levels during the time Heat$avr was
used, with levels ranging from 161 - 189 ppm.

The average |laboratory redox value obtained (plus Heat$avr) was slightlty higher
(776 £ 17 mV) than that oblained minus Heaf$avr (736t 58 mV),

There was little difference in the average salt and TDS values obtained for both
minus / plus Heat$avr. The average salt and TDS results (minus Heat$avr) were
3120 £ 141 ppm and 4500 + 424 ppm respectively. The average salt and TDS
results (plus Heatdavr) were 3258 £ 719 ppm and 4020 + 672 ppm respectively.

The laboratory Sl results obtained (minus Heat$avr) was - 0.3 £ 0.21. The average
Sl of laboratory samples (plus Heat$avr) was - 0.3 + 0.1.
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4.2
Week . . . {. - Chiorine {ppm) : 2 pH .} Redox  Filter : -]~
L Free Total JCombined| Manuai | "Elect. | A Pressure’| "
Mean 2.1 2.3 0.2 7.6 7.8
WEEK A [Std Dev 0.3 0.3 0.2 0.1 0.1
Mean 2.0 2.3 0.3 7.5 7.7
WEEK B [Std Dev & 0.2 0.2 0.1 0.1 0.1
Minus. < “Mean: :J-. 2.0 |- 23 | 02 ;" 7.8 T N 4
Heat$avr iStdDevi| 04 5 }o0 0.2 . .04 | 01 =] ot e
Mean 2.1 2.2 0.2 7.5 7.8 5.0
EEK 1 Std Dev & 0.3 0.3 0.2 0.9 0.1 0.0
Mean 21 2.8 0.6 7.5 7.6 §.0
WEEK 2 [Std Devs 0.4 0.4 0.3 - 0.4 0.1 8.0
Maan 2.3 2.9 0.8 7.4 7.5 .0
WEEK 3 (StdDevt 0.5 0.4 0.3 0.1 0.1 0.0
Mean 2.3 3.0 0.7 7.5 7.6 5.0
WEEK 4 [Std Dev 0.6 0.8 0.3 0.1 8.1 8.0
Plus' - { :Mean | . 22 2.7 0.5 T75. - 7.8 5.0
—._.*\o.m.n.uuc.w. Std-Dav ] . 0.2 0.1 0 -~ 0.0 = 0.0 1)

Oh-site chiorine results obtained from the retrospective data (minus Heat$avr showed iittle difference 10 results obtained during the
addition of Heat$avr. The average free chiorine level for Weeks A and B {minus Heat$avr) was 2.1 + 0.3 ppm and 2.0 + 0.2 ppm
respectively (Table 2A). The average free chlorine level for Weeks 1, 2, 3and 4 was 2.1+ 0.3 ppm, 2.1 + 0.4 ppm, 2.3 + 0.5 ppm and
2.3 + 0.6 ppm respectively (Table 2B).

In Weeks A and B (minus Heat$avr), on-site observations recorded an average clarity of 5. The average water clarity during the weeks
when Heat$avr was added, ranged from 4.9 to 5.0. There was no significant effect of Heat$avr on pocl water clarity. No reduction in

clarity was cbserved.

The average bather load in the weeks prior to HeatSavr addition (Weeks A and B) was 69. During the weeks when Heat$avr was added,
the average bather load for Weeks 1 - 4 was 75.

Agua Science Cansultants Pty Ltd. © February, 1999
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43. TABLE 3 - COMPARISON OF ON-SITE, DAILY CHEMICAL ADDITIONS (MINUS/PLUS HEATSAVR)

o ot OIETICE ATOBONE o v.
7 | Cal.Hyp a] [ Rock Alom (o]
2150 500

1850

i A
2625.00
Dne Std Dev t
RSD % )
Total 12500 8000 Do 170
Maan 2133 73.3
Two Std Dav 12 13
RSD % > 8
Taotal 21500 1000.0 5.00 38.0
Maan 196.0 82.0
Thrae Std Dav 9 &84
RSD % 4.6 10.2
Total 25500 1200.0 040 42 0
Mean 200.0 B3.3
5td Dev
RSD %

There was no vanation in the quantity of Alum used either prior to or quring the addition of Heat$avr. For both minus and plus Heat$avr,
the average amount of Rock Aium used per day, following backwash, was 200 grams (Tables 3A & 3B).

The amount of Calcium Hypochlorite added (minus Heat$avr) of 2.05 kg was very similat to the amount of 2.17 kg added during Heatbavr
addition.
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44. TABLE 4 - COMPARISON OF ON-SITE, DAILY OBSERVATIONS
INUS/P EATSAVR

. i Temperalura  (oCelsius)
Week P 5 Cutsig
Mean 46 332.0 22.0
Week A 15td Dev + 0.6 0.0 0.0
RSD % 13.6 0.0 0.0
Mean 4.4 330 22.0
Waak B |Std Dev 4 0.¢
RSD % 15.8
_Minus:: | 02
Heat$avr. 4.0
4.9
Week 1 Gid Dev ¢ 0.3
RSD % 7.1
Mean 5.0
Wesk 2 Sid Deav ¢ Q.0
RSD % D.0
Mean 49
Week 3 Sid Dav » 0.3
RSD % 5.6
Mean 4.8
Waak & Sid Deav ¢ .4
RSD % 8.2
Mean 4.9
. Plus StdDevy] - 0.2
Haaf$dvr | RS5D % 3.7

Pool water temperature remained constant throughout the trial, at 33°C. Air tlemperature
was recorded between 18 - 28°C.

Average outside temperatures ranged from 9.1 to 14.9°C throughout the trial. Average
outside temperature (minus Heat$avr) was 9.7°C and reached 12.9°C (plus Heal$avr).

During periods of no Heat$avr addition, condensation levels ranged from 3 - 5, with an
average of 4 5. Average condensation level {plus Heat$avr} was 4.9, with the lowest level
of 4, during this time.
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4.5

TABLE 5 - COMPARISON OF FORTNIGHTLY GAS

CONSUMPTION (MINUS/PLUS HEATSAVR)

10

Gas Delivered Gas Consumption
(litres)
Minus Heat$avr Mean 8139 317.5
Std Devs 28 92
RS0 % 0.3 29
PLUS Heat$avr Mean 659 85 258 80
Std Dev+ 133.30 60.91
RSD % 2020 23.53

NB: The pool was closed from 21-9-98 to 4-10-98

During the minus Heat$avr period, an average 813.9 litres of gas was delivered
over each two-week period. Throughout Heat$avr addition, an average of §59.9
litres of gas was delivered over each two-week period. This represents a saving of
$58.70 per fortnight, or $26.35 per week. An overall reduction in gas consumption
of around 18.5% was measured.
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5. DISCUSSION

Laboratory samples were collected once per week at a specified time. Eleven
chemical tests and three microbiological parameters were measured. A total of
seventy analyses were undertaken.

On-site results were also recorded by the pool operator on a four-hourly basis, as
required by Victorian Public Health Regulations, 1990. Data detailing on-site
procedures was also recorded, for comparison of the effects of minus/plus
Heatdavr.

5.1. Sanitiser Level

5.1.1. Free Chlorine

According to Public Health Regulations, free chlorine must be maintained between
1.0 - 8.0ppm, in indoor commercial pools in Victoria. Stability between 20 - 3.0
ppm is recommended,

Discrepancies were evident between on-site and laboratory results, with higher

levels consistently recorded in the {aboratory results. Free chlorine levels
fluctuated slightly throughout the trial

5.1.2. Combined Chlorine

The maximum combined chiorine level allowed in Victorian commercial pools is
1.5 ppm, Combined chlorine level is responsible for chlorine odour and sore, red
eyes. Low levels are preferred (< 0.5 ppm).
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5.2. Other Chemical Parameters

5.2.1. pH

A pH range of 7.2 ~ 7.8 applies to Victorian commetcial pools, according to
Regulations. A pH of 7.6 - 7 8 is generally recommended.

pH results obtained for both minus and plus Heat$avr were within Regulations.
The pH resulis recorded were lower than the preferred levels of 7.6 — 7.8. Very
little variation was evident in the pH results obtained during Weeks A and B (minus
Heat$avr) and Weeks 1, 2, 3, and 4 (Heat$avr added).

5.2.2. Total Alkalinity

Total alkalinity acts as a buffer to prevent pH fluctuations. Regulations require a
minimum of 60 ppm but no maximum is specified. The recornmended level for this
poal is 150 - 200 ppm.

Little variation was evident in the total alkalinity results obtained during Weeks A
and B (minus Heat$avr) and Weeks 1, 2, 3, and 4 (Heat$avr added). At all times
total alkalinity was within specified health Standards.

5.3. Microbial Quality

Tests were carried out for the specified micro-organisms and results compared
with requirements of the Standards - (refer section 3.4). Ne microbial failures
occurred in any samples obtained during the routine quarterly sampling (minus
Heat$avr} or during the Heat$avr trial {plus Heat$avr).

No microbial presence was detected at any time. Microbial quality was well within
requirements at all samplings.

5.4. Non-Regulated Parameters

Seven non-regulated, waterquality parameters were included in the investigation:
5.4.1. Redox (mV} — Oxidation Reduction Potential

5.4.2. Sodium Chioride (Salt) and Total Dissolved Solids (ppm}

5.4.3. Calcium Hardness {ppm)

5.4.4. Copper /Iron (ppm)

5.4.5. Saturation Index (S
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541 Redox

This measurement is used for continuous monitoring of chlorine levels, thus
allowing automatic dosing. Stability is important to ensure uniform sanitiser levels.
Fluctuations in redox are affected by many parameters. Slightly less fluctuation
was chserved when Heat$avr was added.

5.4.2. Salt (NaCl) and Total Dissolved Solids (TDS) Salt level is measured to
ensure that the salt-chlorinator can function correctly.

TDS is partly made up of salt and unaccounted for T.D.8 (uTDS). If uTDS levels
accumulate, inadequate water replacement is indicated.

u TDS levels were generally lower during addition of Heat$avr, than with no
Heat$avr. No changes were recorded in rate of water replacement or bather load.

5.4.3. Calcium Hardness

The recommended calcium hardness range for an indoor, heated, salt chlorinated
pool is 60 - 90 ppm. Levels were below recommendations with no Heat$avr and
within recommendations with Heat$avr added.

5.4.4. Copper and lron

Presence of these metals can act as an indicator of corresion. Corrosion is
unexpected under proper water balance conditions. No copper and iron were
detected in any of the samples collected (either minus or plus Heat$avr),

5.4.5. Saturation Index (S}

Saturation Index (Sl) is a derived value, which measures the corrosive capacity of
the water. The Langelier Scale is used. To prevent corrosion 3l is preferably
maintained between -0.2 - +0.5.

Regardless of whether Heat$avr was added, the Sl observed was lower than
préferred and pool water was slightly corrosive.
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5.5. Observations
5.5.1. Clarity

Water clarity was recorded by allocation of a numerical value from 1 - 5, where 1
was cloudy and 5 was exceptionaily clear.

No reduction in clarity was observed, with addition of Heat$avr.
5.5 2. Filter Pressure

Filter pressure increases as suspended solids are filtered from the system.
Recorded filter pressure was very stable throughout the trial at 110kPa.
Unfortunately, no filter pressure was recorded during Weeks A and B (minus
Heat$avr) for any comparison to be made.

5.5.3. Bather Load and Bather Comfort.

Bather loading is the primary factor affecting water quality. Loads were slightly
higher during the period when Heatbavr was added.

Bather comfort was recorded, by allocation of a numerical value from 1 - 5, where
1 means badly affected and 5 indicates no effect. Bather comfort remained
consistent prior to and during the addition of Heat$avr with a consistent value of 5.
No bather effect was observed, with the addition of Heat$avr.

5.5.4. Chemical Additions

Backwashing occurred five times per week according to operator records, on
Monday, Tuesday, Thursday, Friday and Saturday. Chemicals were added
foliowing each backwash (Table 3).

No variation in the gquantity of Rock Alum used was observed prior to and during
the addition of Heat$avr .

5.5.5. Condensation Levels

Condensation levels were recorded on-site, by allocation of a numerical value from
0 - 5, where 0 was heavy condensation and 5 was nil condensation.

Measured reduction in condensation occurred. Around 10% improvement was

observed. Variation in results would be expected, at different temperature
differentials.

The most significant outcome of the trial, is the operator's determination to

continue using the product. Results achieved were very favourable from the pool
owner's perspective.
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5.6. Gas Consumption

it should be mentioned that the pool was closed from 21-9-98 to 4-10-98 due to
schoo! holidays. This would have an impact on the amount of gas consumed.

However, when comparing the amount of gas consumed during the first two weeks
of the trial (Heat$avr added) to that prior, there appeared to be a reduction in the
amount used (Table 5).

6. CONCLUSION

8. Free and combined chlorine, pH and total alkalinity (regulated by Health
Standards) remained stabie throughout the trial. No increase in
fluetuations of the parameters was observed.

Chemical parameters stayed within requirements of the Standards during
the addition of Heat$avr.

9. No microbial indicators were detected at any time and microbial quality
was consistently exceptional for both minus/plus Heat$avr treatment.

3 Non-regulated parameters monitored during the trial indicated no
observable changes or fluctuations in the levels of Redox, Sodium
Chloride, Calcium Hardness, Total Dissolved Solids or corrosion products
{copper and iron).

4 A reduction in condensation levels of 10% was recorded on-site by the
operator, with addition of Heat$avr.

5 Gas consumption was reduced by around 18.5%, reftecting savings of
between $25 - $30 per week.

8. Indoor, heated poois in buildings with inadeguate air handling systems
may benefit from addition of Heat$avr, by minimising condensation and
reducing heating costs.

7. RECOMMENDATIONS

Any further trials incorporating use of Heat$avr, need not include additional
microbial investigation.

Further trials to measure effects of Heat$avr in outdoor heated pools during
winter, are strongly urged
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TABLE 2A: ONSITE FOUR HOUR RECORDS WEEKS A& B

Date Time _Chiorine (ppm) } PH Redox |Curity |  Fiiter Bather | Bather
© Fres i Total ned Manusl | Etect (1:8) | Pressurs | Load | Comfort
t = opening 23 2.3 0 T4 76 not 1aken 5 nat taken 5
24X08/58 1=4 hows 13 18 Q 7.4 77 nat takan 5 rot takan 80 5
t=8hours 18 2 02 76 78 nol taken 5 not taken 3
I = Ciosing 18 2 0.2 T8 T8 not taken i nat taken 5
t = opening 25 28 0.3 75 7.7 noi 1aken 5 o faken g
FUORMDE { = & hours 23 25 0.2 75 7.7 rai taken 2 not taken 25 5
I = 8 howrs 21 15 0.2 75 7.7 not taken 5 not taken 5
t = clesing 2.2 25 0.2 76 7.8 rot iaken 5 rot taken 5
t = ppening 28 28 i 75 76 not taken 5 not taken 5
26/08/98 1 =4 hours 18 23 0.5 7.6 7.8 ot taken 5 not taken 95 5
12 B hows 18 23 0.5 76 78 ot taken 5 not laken 5
t = closing 18 23 05 16 78 ot taken 5 nol taken ]
t = opening 25 25 0 75 76 nat taken 5 not taker, 5
210eig8 t = 4 howrs 2 2 0 7.5 7.8 not taken ] not taken 127 5 .
I =8 howrs 18 2 0.2 16 7.8 nat taken 5 not taken 5
t = glosing 1.8 2 02 76 7.9 not taken 5 ot taken 5
{ = opening 18 2 0.2 7.6 7.8 ro! taken 5 not taken S
1 = 4 haws . L 78 "1 nottaken i) 5§
; e ——————— Seemmerier— T
3 .
{ = oparing 15 2.1 0.2 73 75 ot laken 5 not taken 5 .
3108/98 | =4 hors 19 23 04 74 76 nat taken 5 hat taken B0 5 _
t = B hours 19 Z.3 0.4 7.5 7.7 not taken £ nat taken 5 -
t = closing 19 2.3 0.4 75 77 not iaken ] not taken ]
t = operg 23 1.9 0.2 75 16 not taken o) not taken 5
1709098 =4 hours 23 25 2.2 75 78 not {aken 5 not taken 35 5
1= B howry 2 23 03 75 77 nod taken 5 not taken 5
1 = closing 2 23 D3 76 78 not taken 5 not taken 5
1 = opening 23 25 g2 74 7.6 ot taken 5 ot taken 5
20858 L= 4 haurs 23 25 0.2 74 76 ot taken 5 not takan 96 5
t = B hours 18 2 0.2 78 78 net taken k) not taken A5
t = closing 1.8 2 .2 76 748 ot taken 5 nol taken 5
| 1 =opening 23 25 b2 75 7.6 not taken 5 nol laken 5
309/98 [ = 4 hours 2 23 0.3 76 78 ot taken 5 not taken 127 5
t= 8 hows 2 23 0.3 78 7.7 not taken 5 not taken 5
t = cloging 1.9 25 0.6 76 7.7 not taken 5 not laken 5
I = opening 175 2 025 75 [ nat taken 5 rot taken 5
409198 L= 4 hous 18 2 0.2 7.5 7.7 not taken ] not taken ] 9
t =8 hours 20 23 0.3 75 77 not taken 50 not taken 50
Mean 2.0 2.3 0.] 1.5 1.7 50 3] 4.0
WEEK B Std Dev £ 9.2 ¢ 0.1 oy 0.1 0.0 48 0.9
RED % 8.7 8.2 8.0 14 11 0.0 898 0.0
Minus Maan 2.0 2.3 0.2 7.8 1.7 4.0 §0.0 89
Heat$avr Sid Dev ¢ 0.1 6.2 .1 0.1 0.1 6.0 0.0 4.0
l RSD % 4.5 10.5 59.2 11 1.2 0.0 0.0 0.0
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TABLE 2B: ON SITE FOUR HOURLY RECORDS (PLUS HEATSAVR)

Date Tima hilarine {ppm) Redox Clarity Filter Bather Bather |
Frve Yotal | Combined | Manual Elect, 01-5} ! Pressurw Load Comfod
t = opening 25 28 0.1 74 76 700 5 10 &
B9S8R L= 4 howes 24 25 01 74 Ie =5 5 118 36 5
= 8 howis 20 2.2 0.2 75 77 650 ] 110 5
! = closing 2.0 22 0.2 75 77 645 5 119 .5
t = openitg 2.0 22 0z 7.4 7.5 700 5 10 5
1HOHGE [t = 2 hours 20 2.2 02 7a 76 860 5 e % 5
1 = B hours 2.0 22 0.2 7.5 77 B4 5 10 5
1 = cinsing 20 2.2 02 75 & 540 5 110 4
[ 1= opening] 20 2.2 a2 74 75 680 5 110 5
11/09:98 |1 =4 hours 5 22 02 75 16 G50 5 110 127 5
128 houls 19 25 06 756 78 625 5 110 g
B t = closing 19 25 06 75 ¥? 515 L5 110 I -
} = ppening n0 20 oo 75 75 &) 5 10 £
1240998 |1 = 4 hours 20 20 oo 75 75 &70 5 110 6 g
t = B hours 20 20 00 15 75 1 B0 5 11p |
t = operung ab at 0.1 75 75 710 5 Me 5
14/09/98 |1 = 4 hows 19 2 0.1 7.5 76 870 5 110 A 5
t = B hours 19 2 01 75 77 860 5 110 5
L i = closing %, 20 0.1 75 T 860 50 110 50 |
i = opening 23 24 0.4 15 78 645 50 10 50
1506098 |1 = 4 hours 2.0 214 0.1 75 76 880 50 1o 360 5.0
| = 8 houry 19 2.2 03 75 7.7 670 50 110 B
tacloaing | 14 z2 e.3 75 77 B0 5 110 5
iLE Maan 21 22 Q.2 1.5 78 e85 &0 110 835 50
W AER] 8td Dev 0.3 0.3 0.2 0.0 01 24 .0 ] 451 )
R3J % 12.8 1.5 85.2 0.8 1.2 4 0.0 [ 7.3 B0
. t = opaning az 6 0.4 73 7.4 70 5 114} 5
17/A060/98 |1 = 4 hours 2 24 a4 7.4 75 605 5 110 9% 5 ]
| 1= 8 hows 2 2.5 0.5 7.5 75 660 5 110 5
t = closing 2 25 05 75 77 650 5 10 5
s ! = opening 2 24 0.4 74 75 670 5 140 i
1809198 L = 4 hours 2 25 G5 75 76 635 5 10 127 5
1= B hoyrs 2 25 % 05 7.6 7.7 625 5 110 -
L = closing 2 25 05 76 77 610 5 10 5
t = opening 2 a 1 74 74 £55 5 g 5
10998 ) = 4 hovrs 7 3 1 75 75 F40 5 110 4] 5
L = B hours ) 3 1 75 7.6 640 5 110 5
L = closing 25 a5 1 76 T3 B45 4 1101 5
i Mean 2.1 2.8 0.8 7.5 7.8 852.0 4.8 110.0 101.3 5.0
AN 510 Dey ¢ 0.4 04 0.3 6.1 [ % 0.2 0.3 a.t 235 ! 0o
S RSO % 18.% 15.4 T 13 1.5 43 5.9 0.0 232 | 00

























