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EXECUTIVE SUMMARY

A pilot of the MIEX® Process was operated at the Rutland Water Plant in Rutland, Vermont from

the 8™ of September 2011 to the 5" of October 2011 to demonstrate disinfection by product

(DBP) compliance. Compliance was demonstrated using simulated distribution system (SDS)

criteria as detailed in Table 1.

Table 1: SDS Conditions

Contaminant | Unit Tieated Water

Average
TTHM pg/L <80
HAAS pg/L <60

pH units Ambient

Temperature C Ambient
Free Chlorine | mg/L 1.2

Duration days 3

Results demonstrated the following:

DOC removal through the MIEX® process averaged 61%. No additional DOC removal
was achieved through the slow sand filter (SSF).

The MIEX® bench test method closely resembled the pilot plant effluent and can be used
for qualitative determinations.

MIEX® Treated samples disinfected under the SDS conditions listed in Table 1, resulted
in an average 3-day TTHM concentration of 22.0 pg/L and HAAS concentration of 15.5
pg/L,with 65% less chlorine demand.

At a treatment rate of 0.7 — 1,00 gallons of resin regenerated per 1000 gallons of raw
water treated, which is equivalent to a bed volume (BV) treatment rate of 1400 - 1000
BV, the pilot effectively treated the raw water to achieve the goals outlined in the trial.
During the trial, the raw water true color averaged 11 CU, which was consistently
reduced to an average of 3 CU in the MIEX® Effluent (Pilot Plant Effluent), and reduced
to an average of 1 CU in MIEX® SSF water (Slow sand filtration of MIEX® Effluent).
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e The overall average UVA reduction achieved in the MIEX® Effluent was 82%, where the

average raw UVA was 0.072 cm™ and MIEX® Effluent UVA was 0.013 cm™. After slow

1

sand filtration the UVA was reduced to an average of 0.014 cm™ or an 83% average

reduction.

In summary, the pilot trial results demonstrated that MIEX® Treatment can:

e significantly enhance the reduction of DOC, color and UVA,
o decrease the plant chemical demand, and

e decrease the DBP formation potential.
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LIST OF ACRONYMS & DEFINITIONS

DBP Disinfection By Product

DOC Dissolved Organic Carbon

EPA Environmental Protection Agency
GAC Granular Activated Carbon

gpm Gallons Per Minute

HAA Summation of 5 Regulated Haloacetic Acids
MCL Maximum Contaminant Level
MGD Million Gallons Per Day

mg/L Milligrams Per Liter

ppb Parts Per Billion

MLT Multiple load test

ppm Parts Per Million

NOM Natural Organic Matter

SDS Simulated Distribution System
SDWA Safe Drinking Water Act

SSF Slow Sand Filtration

TOC Total Organic Carbon

TTHM Total Trihalomethanes (4 Species)
UVA UV,s4 Absorbance

ng/L Micrograms Per Liter

WTP Water Treatment Plant
DEFINITIONS:

Test Resin —~MIEX® Resin that has been used before and been regenerated

Regenerate — A process of contacting loaded resin with a brine solution to exchange organics
and replace them with chloride ions

Virgin Resin — New resin that has not previously been exposed to raw or treated water

Bed Volume — Volumetric ratio of treated water to resin (see example below).

Bed Volume Example Calculation:

Volume of Water to be Treated V= 1,000 mL
Volume of Resin Used for Treatment V,=5mL
Bed Volume Calculation BV =V/V, BV =200
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1 BACKGROUND

The City of Rutland, in an effort to enhance natural organic matter removal to reduce disinfection

by products formation (DBP), is evaluating the MIEX® ion exchange technology as well as
granular activated carbon (GAC). The MIEX® Process uses a magnetic anion exchange resin
specifically designed for use as a fluidized bed process. The process delivers large reductions in
dissolved organic carbon (DOC) and chlorine demand with predicable operating cost even when
raw water quality conditions change. A small volume of resin is added daily or weekly as part of
the normal operation thus eliminating large replacement expenses with ongoing treatment that can

be seen with GAC operation.

DOC found naturally in water is a known precursor to DBP formation. DOC is the dissolved
portion of total organic carbon (TOC) that passes through a 0.45-um filter. Disinfection by
products (DBPs) are formed when free chlorine acts as a substituting agent and is incorporated in
the DOC molecular structure - thereby forming halogenated organic compounds. Currently, the
EPA Safe Drinking Water Act (SDWA) regulates the maximum allowable concentration of two
general compounds of DBPs: total trihalomethanes (TTHM) and five haloacetic acids (HAAs). A
pre-trial feasibility test of the MIEX® Process treating Mendon Brook water indicated a potential
to remove a large fraction of the source water dissolved organic carbon prior to slow sand

filtration.

A trial of the MIEX® Process was conducted from Thursday the 8" of September 2011 to
Wednesday the 5t of October 2011. The MIEX® Process was operated at 10 gpm in a continuous
manner prior to a pilot sized slow sand column. The influent water to the MIEX®™ Process gravity

flowed from the raw water header. MIEX® Effluent gravity flowed to a pilot sized SSF column.

Raw water conditions changed significantly against historical water quality averages. Flooding
caused by a recent hurricane demanded an emergency source water (0 supply raw water to the
reservoir. Reservoir source water was supplied by a mixture of sources throughout the trial as the
Mendon Brook raw water line was repaired. An emergency supply from a neighboring creek
provided fresh source water for the reservoir until halfway through the trial. As the Mendon Brook
supply lines became repaired, the normal source water mixed into the reservoir. Road

construction, traffic in the brook, and rains caused increased turbidity in the raw water.
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2 TRIAL OBJECTIVES

The specific pilot plant objectives as described in Orica trial protocol (TP-2011-09) are outlined

below.

Pilot Plant Objectives:

1. Validate the design criteria for a full-scale plant, including resin regeneration requirements.
2. To demonstrate that MIEX® Resin treatment will significantly reduce the concentration of
DOC and UV,s4 absorbance of the raw water.

To quantify the subsequent decrease in DBP formation potential.

To determine the optimum level of MIEX® treatment.

To determine design parameters for MIEX® equipment and process.

AN O

Demonstrate that the MIEX® multiple loading bench test method closely resembles water
quality as seen in the pilot plant effluent and is an effective tool for further bench top

evaluations.
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3 METHODOLOGY

3.1 PILOT PLANT OPERATING PARAMETERS

The MIEX® trial was conducted using a 10 gpm high rate pilot plant shown below.

Figure 1: 10 gpm MIEX® Pilot Plant
Prior to the trial, a series of tests were conducted on the Mendon Brook water at Orica Watercare’s
laboratory to determine the impact of resin dose (treatment rate) on final water quality. This data
was then used to select trial start-up conditions and expected operating parameter ranges.

Operating parameter ranges used throughout the trial are summarized in Table 2.

Table 1: MIEX® Pilot Plant Operating Parameters
_ Parameter Operating Range
Contactor Resin Concentration 200-250 mL/L
Raw Water Contact Time 4-6 minutes
Treatment Rate 0.71 — 1.00 gal. per 1000 gal water treated (1400 - 1000 BV)
Pilot Plant Flow-rate 10 gpm

This document is subject to copyright and is confidential. It must not be reproduced, stored in a retrieval system or transmitted in any form or by any
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3.2 SAMPLING REGIME

Samples were taken daily and analyzed for specified water quality parameters. The sample

locations are described as follows:

o Raw — Rutland Reservoir water taken from MIEX® Pilot Plant raw water sample tap.
o MIEX® Effluent — MIEX® pilot plant effluent.

o MIEX® SSF (SF#1) — Slow sand filtration after MIEX® pretreatment using a pilot sized
column.

e Plant Control — Raw water treated with slow sand filtration, Rutland WTP’s clearwell
sample tap.

o Sand Filter #2 (SF#2) — Raw water treated with slow sand filtration and GAC using a pilot
sized column.

o Sand Filter #3 (SF#3) — Raw water treated with slow sand filtration and GAC using a pilot
sized column.

Samples were analyzed on-site for heterotrophic plate count, UVA, pH, turbidity, and color to
evaluate optimum operating parameters. DOC samples were analyzed by Eastern Analytical Inc.
Simulated distribution system (SDS) samples were prepared on-site and sent to Eastern Analytical
Inc. where the samples were then analyzed for TTHM and HAAS formation. All DOC, SDS, and
true color samples were filtered through SSF prior to analysis. UVA samples were filtered using a

0.45 micron filter before analysis per standard laboratory procedure.

3.3 MI1EX® MULTIPLE LOAD BENCH METHOD

The multiple loading test (MLT) procedure has been shown to closely approximate full-scale,
continuous plant operation. To determine if pilot operating conditions were optimized, water
quality testing during the pilot was compared to samples from June 14™ 2007 used for bench scale
testing. Fresh resin was loaded to a bed volume concentration of 1000 BV in the laboratory using
the method outlined below. The treated water was evaluated for UVA and DOC and compared to

the pilot plant effluent.
Using a jar stirrer apparatus,

Add 5 mL/L fresh resin to an empty jar

Add 1 L of raw water sample to jar (200 BV treatment rate per cycle)
Mix for 15 minutes

Turn mixer off and allow resin to settle

= G B2
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5. Decant treated water into collection vessel while leaving resin in jar
6. Measure UVA, color, and DOC of sample in collection vessel
7. Add another liter of raw water to resin and repeat Steps 3-6 until 1000 BV have been treated

3.4 SLOW SAND FILTRATION EVALUATION

A control test was analyzed to determine actual organic carbon removal achieved currently at the
water plant. The SSF schmutzdecke is a bio-active layer on top of fine sand media. This layer
along with filtration removes organics from the raw water. The water treatment plant’s clearwell

sample tap provided daily control samples.

Three pilot sized slow sand filters were run in parallel for comparison. MIEX® effluent fed the
first filter, SF#1. Sand filter two (SF#2) and sand filter three (SF#3) were fed with raw water.
SF#2 recently changed out the GAC media in the filter while SF#3 was tested with GAC from a

previous trial.

Samples were collected and analyzed for heterotrophic plate count, turbidity, pH, DOC, DBPs,
and true color. Additionally a sample was filtered through a 0.45-micron filter and analyzed for

UVA at a wavelength of 253.7 nm.

3.5 COMBINED TREATMENT EVALUATION

For the MIEX®/slow sand filtration combined tests, MIEX® effluent water from the pilot plant
was plumbed to feed at 6 gph to a pilot sized SSF which had been preconditioned prior to
receiving MIEX® effluent water. Preconditioning, performed by water plant staff, consisted of
running raw water through the filter for a length of time to establish a schmutzdecke. The process
treatment train simulated full scale MIEX® pretreatment to the existing slow sand filtration plant.
Samples were collected and analyzed for heterotrophic plate count, turbidity, pH, DOC, DBPs,
and true color. Additionally a sample was filtered through a 0.45-micron filter and analyzed for

UVA at a wavelength of 253.7 nm.
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4 RESULTS

4.1 MIEX® PiLOT PLANT OPTIMIZATION

Based on the results from bench scale testing of the June 14™ 2007 raw water sample (Table 7),
the pilot plant was operated at a resin regeneration rate of 0.71 — 1.0 gallons of resin per 1000
gallons of treated water (1400 - 1000 BV MIEX® Treatment). On-site analysis of DOC and UVA
removal collected on this bench sample matched the pilot scale testing indicating optimum pilot

performance. Daily pilot plant operation data can be referenced in Appendix A.

4.2 UVA RESULTS

UV absorbance is a quantitative indicator of covalent bonds within an organic molecule and thus
is an indicator of organic concentration. The average UVA removal achieved in the MIEX"
Effluent was 82% with minimal removal being achieved with downstream slow sand filtration, for

an overall average removal rate of 83%. Figure 2 represents the pilot’s steady and consistent

results.
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Figure 2: UVA Absorbance during Pilot
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4.3 TRUE COLOR REMOVAL

Water can also be an indicator of organic concentration especially true color which is filtered prior
to analysis. Figure 3 illustrates the true color removal through the MIEX® pilot as observed from
analysis conducted on-site. Average raw water true color was 11 Cobalt units (CU) and MIEX®
Effluent was consistently reduced to an average of 3 CU. MIEX" Effluent water followed by slow

sand filtration consistently reduced the true color further to 1 CU.
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Figure 3: True Color Concentrations during Pilot
4.4 ORGANIC CARBON REMOVAL

DOC samples were filtered at Aquacheck Laboratory’s and measured at Eastern Analytical, Inc.
The average DOC removal through the pilot was 64% compared to only 22% in the water plant.
After subsequent slow sand filtration the average overall DOC reduction of 61% was achieved,
indicating a comparable concentration of organics after MIEX® Effluent since a same day
evaluation was not weighed against MIEX® SSF. Figure 4 demonstrates consistent organic

reduction during the pilot.
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Figure 4: Dissolved Organic Carbon Concentrations during Pilot

4.5 SLOW SAND FILTRATION RESULTS

The results from the SSF Evaluation (Section 3.4) and the Combined Treatment Evaluation

(Section 3.5) are presented in Tables 3 and 4, Appendices B, C, and D. Results demonstrate that

the plant control reduced the raw water DOC by 22% on average. MIEX® SSF samples achieved

an average DOC removal rate of 61%.
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Raw Water

Piant Clearwell 0.050 1.85 7.42 0.089 -
MIEX® Effluent 0.013 0.85 7.48 2.98 30
MIEX® SSF 0.012 0.93 7.39 0.112 -

Raw Water 0.074 2.50 11 7.63 2.89
Plant Clearwell 0.051 1.80 7 7.41 0.077
MIEX® SSF 0.012 0.93 2 7.37 0.119
Sand Filter #2 0.018 - 2 7.10 0.136
Sand Filter #3 0.042 - 4 7.09 0.149

4.6 DISINFECTION BY-PRODUCT REDUCTION
4.6.1 Simulated Distribution System Protocol and Results

Orica Watercatre and The City of Rutland used simulated distribution system (SDS) conditions to
prepare samples for DBP formation analysis. Table 1 summarizes incubation conditions for these
samples. Four categories of samples were compared: Plant Control, MIEX® SSF, Sand Filter #2,

and Sand Filter #3.

In addition to DBP samples, chlorine residual measurements were taken and subsequent chlotine

demand values were calculated. SDS results are presented in Table 5 and Appendix C.
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Table 4: SDS 3 Day Chlorine Demand Evaluation
Plant Control Samples

Date | pH T""“ffé;‘t“"e (E:;:H"f)" Resiﬁ'l'l = gf ” Cll(g;‘i’;“d DOC (mg/L)| UVA 254 (em™)
o311 7.33 19 441 154 2.87 17 0.046
o6/ | 7.33 19 3.83 134 2.49 17 0.048
o791 | 7.56 19 3.53 119 234 19 0.054
10/3/11] 7.40 19 353 T11 242 19 0.054

MIEX® SSF Treated Samples

Date | pH Te"‘{’f(‘;;“““’ C(:;gis)e it fn': . C'ﬁ;ﬁ’;“d DOC (mg/L)| UVA 254 (cm™)
o311 7.35 19 2.35 136 0.99 05 0.007
9/6/11]| 7.26 19 177 1.14 0.63 <05 0.013
92971 | 7.52 19 2.06 119 0.87 1.0 0.008
1073/11| 7.35 19 2.35 1.26 1.09 13 0.020

Sand Filter #2 (GAC)

Date | pH Te"‘?fé;““"e %;g'ﬁe Resi]ZlLilel fﬂ': i Cll(z;"l:‘;“d DOC (mg/L)| UVA 254 (cm™)
o611 7.05 19 235 1.00 135 0.018
105311 7.15 9 2.35 143 0.92 0.017

Sand Filter #3 (GAC)

Date | pH Te'"?fc’";“““" (Eklgize Rcsi‘;ﬁ g}z 13 C'z(lg;"/i’;"" DOC (mg/L)| UVA 254 (em™)
o716/11| 7.08 19 3.53 170 183 0.040
T0/3/11] 7.09 19 3.24 126 1.98 0.044

Comparing MIEX® SSF water and plant control samples the average chlorine demand was

reduced by 65% based on the applied doses of free chlorine at The Rutland WTP.

4.6.2 Free Chlorine DBP Results

MIEX® SSF samples disinfected under the SDS conditions resulted in DBPs that were safely
below the EPA’s DBP MCL for both TTHMs and HAASs of 80 ng/L and 60 pg/L, respectively.

Plant Control samples disinfected under the same SDS conditions resulted in DBP concentrations
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close to or exceeding respective limits. All results are presented in Table 6, Figures 5 and 6, and

Appendices C and D.
Table 5: SDS DBP Values and Yields
Free Cly née TTHM 3 Day HAA53 Day | TTHM Yield HAAS Yield
e e T o, | e |y
Plant Control Samples
9/13/11 1.54 1.7 90.7 59 53.4 34.7
9/16/11 1.34 1.7 102.1 59 60.1 34.7
9/29/11 1.19 1.9 106.6 58 56.1 30.5
10/3/11 111 1.9 97.7 57 51.4 30.0
AVG 1.30 1.8 99.3 58 65.2 325
MIEX® SSF Treated Samples
9/13/11 1.36 0.5 15.1 12 30.2 24.0
9/16/11 1.14 <0.5 22.5 17 - -
9/29/11 1.19 1.0 18.4 9 18.4 9.0
10/3/11 1.26 1.3 32.0 24 246 18.5
AVG 1.24 0.83 22.0 16 24.4 17.2

DBP yield is calculated as the concentration of DBP formed from the concentration of available
DOC. This value should be fairly consistent per water plant no matter if the finished water DOC
is 1 or 3 mg/L (for instance). ~ The DBP yicld value is derived using the DOC concentration
measured from Eastern Analytical. Typically a DBP yield value is calculated with many more
values than what was analyzed for this study and these values are presented only as comparative
values. The yield of pg DBP per mg of DOC differed by treatment processes as can be expected.
MIEX® Treated water selectively removed a significant fraction of the organic precursors that
form DBPs. Therefore, the remaining DOC concentration does not have as much potential to form
DBPs. An example of how this is useful is if both the Plant Control and the MIEX® SSF each had
a resultant DOC of 1.0 mg/L, the plant sample would produce approximately 55.2 ng/L of TTHMs
(32.5 pg/L HAAs) while the MIEX® SSF sample would only produce 24.4 pg/L TTHMs (1z.2

ng/L HAAs).

The speciation of TTHMs and HAASs showed no fractions of brominated DBPs. If bromine is

present in the water at the time of disinfection, bromine acts as a substituing agent and is
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incorporated into the DOC molecular structure preferentially to chlorine. No measured brominated

DBP species had a concentration above the minimal result limit defined by Eastern Analytical Inc.

Comparing DBPs from the Plant Control to the MIEX® Treated process shows an average
reduction of 78% of the TTHMSs and 73% of the HAASs.

Total Trihalomethanes

120.0
100.0 EPA MCL
_ 80.0
)
o5
ki
= 60.0
<
=
400
200 :
2 f i
0.0 Bl L = B8
9/13/11 9/16/11 9/29/11 10/3/11
Plant Finished 90.7 1021 106.6 97.7
MIEX SSF Treated 151 225 18.4 32,0
SFH 2 173 19.4
SFH 3 434 491

M Plant Finished

1 MIEX SSF Treated SFH 2

I SF# 3

Figure 5: TTHM Formation w/ Free Chlorine — 3 Days
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4.7 MiI1EX® MULTIPLE LOAD BENCH TESTING RESULTS

M Plant Finished

1 MIEX SSF Treated FISF# 2

mSF# 3

Figure 6: HAAS Formation w/ Free Chlorine — 3 Days

An evaluation was conducted to determine if the MIEX® Bench Test at 1000 BV was comparable

to the average MIEX® Pilot Plant Effluent at the same treatment rate. The results from the 2007

MIEX® MLT (Section 3.3) are presented in Table 6. The average 1000 BV pilot effluent from

September 8" thru September 30™ was used for comparison purposes.

Table 6: Comparative Methods: MLT to Pilot Plant Effluent
Bed UV 254 DOC
Volume Treated | Removal | Treated Removal
Treatment 1/cm % mg/L %
Bench MLT 1000 BV 0.013 78% 0.79 63%
Pilot Effluent 1000 BY 0.013 82% 0.81 65%
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Analysis of the resultant data shows minimal difference in treatment performance. This evaluation
showed that a 1000 BV bench scale treatment rate was less than one standard deviation from the
mean DOC removal rate when the pilot was operating at 1000 BV. These results demonstrate that
the bench scale MIEX® MLT results are similar in effluent water quality to pilot plant results;

however, a same day comparison was not performed.

4.8 MIEX® SSF TREATED OPERATIONS

MIEX® Pilot Plant Effluent flowed to a pilot sized SSF at 6 gph to simulate filter loading
conditions at The Rutland WTP. One of the trial objectives was to ensure that the MIEX® Process
did not interfere with downstream sand filter operations, including the schmutzdecke. Samples
were measured for turbidity, organics removal, and heterotrophic plate count. If the schmutzdecke
bio-layer became inactive or unsustainable, the filter pore size would be larger, increasing filter
effluent turbidity. Secondly, increased organics removal efficiencies compared to raw water

quality would not occur.

Results demonstrate that the raw water turbidity flowed through the MIEX® Pilot and remained in
the MIEX® Pilot Plant Effluent at effectively the same concentration as the raw water, Section 4.5.
The MIEX® Pilot Plant is designed for an upflow rate to allow small solids such as turbidity to
flow through the system, while retaining MIEX® DOC Resin. The schmutzdecke was stirred and
leveled on 9/15/11. Stirring of the schmutzdecke layer, the top 6 inches of the sand filter, is the
usual filter maintenance procedure performed at Rutland WTP when the head pressure through the
filter begins presenting a filter overflow situation. The top layer of sand was then leveled to
provide an equal distribution of flow through the sand filter. Full scale filter maintenance is
completed by sending filter effluent to waste until effluent turbidity is below operational criteria.
The sand filter effluent sample on 9/16/11 was the first opportunity to measure turbidity after

maintenance; the result of 0.190 NTU met operational criteria.

The routine maintenance allowed uninterrupted flow for the remainder of the trial. MIEX® Pilot
Effluent turbidity differences did not distinctly cause filter operation issues. Filter effluent
turbidities averaged 0.112 NTU, meeting EPA drinking water quality standards of less than 0.3
NTU.
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UVA removal through the sand filter increased after the MIEX® Process averaging 82% and 83%
respectively. True color removal efficiencies of 87% were achieved in the SSF effluent compared
to 72% in the MIEX® Pilot Plant Effluent. DOC sampling did not compare MIEX® Pilot Plant
Effluent to SSF effluent on the same day.

4.8.1 Heterotrophic Plate Count Protocol and Results

Heterotrophic plate count (HPC) is a protocol to estimate the number of live heterotrophic bacteria
in water to evaluate changes during water treatment and distribution. Standard Methods procedure
9215 was used for the evaluation; results are reported in colony-forming units (CFUs). While the
data set is small, testing of MIEX® Pilot Effluent and MIEX® SSF water showed an increase in
HPC, The increase of HPC infers that biologically assimilable organic carbon (AOC) is present in
concentrations necessary for bio-propagation for sustainable schmutzdecke operations. The results

are presented in Table 8.

HPCData

“ pate | Raw
Sampled | (CFU}) 2

B L “Notes oo

9/21/11 5% dilution used for MIEX

9/27/11 672 5127 39 0.1%, 1%, and 10% dilutions for MIEX, average resuit reported
10/4/11 12 3670 2 64 0.1%, 1%, and 10% dilutions fer MIEX, average result reported
11/15/11 56 28 9 4 additional amerphous blobs in raw result, 2 in clearwell
AVERAGE 247 5492 15 54 9
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5 CONCLUSIONS

Based on the data collected during the trial the following conclusions can be made for the City of

Rutland Water Plant:

DOC removal through the MIEX® process averaged 61%. No additional DOC removal
was achieved through the SSF,

The MIEX® bench test method closely resembled the pilot plant effluent and can be used
for qualitative determinations.

MIEX® Treated samples disinfected under the SDS conditions listed in Table |, resulted in
an average 3-day TTHM concentration of 22.0 pg/L and HAAS concentration of 15.5
png/L,with 65% less chlorine demand.

At a treatment rate of 0.7 — 1.00 gallons of resin regenerated per 1000 gallons of raw water
treated, which is equivalent to a bed volume (BV) treatment rate of 1400 - 1000 BV, the
pilot effectively treated the raw water to achicve the goals outlined in the trial.

During the trial, the raw water true color averaged 11 CU, which was consistently reduced
to an average of 3 CU in the MIEX® Effluent (Pilot Plant Effluent), and reduced to an
average of 1 CU in MIEX® SSF water (Slow sand filtration of MIEX® Effluent).

The overall average UVA reduction achieved in the MIEX® Effluent was 82%, where the
average raw UVA was 0.072 em” and MIEX® Efftuent UVA was 0.013 em’l. After slow
sand filtration the UVA was reduced to an average of 0.014 em™ or an 83% average

reduction.

In summary, the trial resuits showed that MIEX® Resin Treatment can reduce finished water DOC

levels and therefore produce water with a significantly lower potential to form DBPs in the

distribution system. Secondary treatment benefits such as true color removal and decreased

chlorine usage were also demonstrated with MIEX® Treatment.
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APPENDIX A:

PILOT OPERATIONAL LOG

Date Bed Flow Top . Bottorn. Tank . Last Vol. V(};‘i’;e Brine' i
Volumes Concentration | Concentration Concentration | Regenerated Dosed Conductivity
BV gpm % % % % % mS/cm
9/8/2011 1000 9.9 1 24 49 23.9 2.1 149
9/9/2011 1000 10.0 1 24 49 23.4 ] 148
[To/10/2011 | 1000 | 10.1 1 24 50 25.0 21 147
9/11/2011 1000 10.1 1 24 49 24,5 2.1 151
9/12/2011 1000 10.0 1 23 51 26.0 2.1 154
9/13/2011 1000 9.9 1 23 52 25.6 2.1 152
9/14/2011 1000 10.0 1 23 52 25.0 2.1 150
9/15/2011 1000 10.0 1 23 49 24.7 24 148
9/16/2011 1000 9.9 1 23 51 26.0 21 151
9/17/2011 1000 10.1 1 22 53 25.8 2.1 153
9/18/2011 1000 10.0 1 22 49 23.3 2.1 149
9/19/2011 1000 10.1 1 22 49 25.2 21 148
9/20/2011 1000 | 10.0 | 1 22 51 27.3 2.1 149
9/21/2011 1000 9.9 1 22 52 27.4 21 147
9/22/2011 1000 10.0 1 22 49 24.0 24 151
T9/23/2011 | 1000 | 99 1 22 50 249 21 150
9/24/2011 1000 10.0 1 22 51 25.9 2.1 149
9/25/2011 1000 10.0 1 22 52 25.2 21 147
o/26/2011 | 1000 | 102 1 22 49 245 21 151
9/27/2011 1000 10.0 1 22 50 24.2 21 150
9/28/2011 1000 10.0 1 22 50 26.3 2.1 153
9/29/2011 1000 101 1 22 52 24.9 2.1 148
9/30/2011 1000 10.0 1 22 50 23.8 21 151
10/1/2011 1400 121 1 22 48 22.9 3l 153
10/2/2011 1400 12.0 1 22 52 26.1 21 149
10/3/2011 1400 12.0 1 22 51 25.5 21 152
10/4/2011 1400 12.2 1 22 50 24.2 21 151
10/5/2011 1400 12.0 1 22 52 25.0 2.1 149
Average 10.4 0 22.5 50 25.0 2.10 150
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