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City of Tampa
PILOT PLANT STUDY

1.0 EXECUTIVE SUMMARY

The City of Tampa Water Department currently owns and operates the David L. Tippin
Water Treatment Facility (DLTWTF), which produced about 75 mgd of potable water for its
customers (611,000 population; 135,000 service locations) in 2017. The primary source of
water for the DLTWTF is the Hillsborough River, while a secondary source is the Tampa
Bypass Canal Middle Pool. DLTWTF also uses an aquifer storage and recovery (ASR)
system of wells to store treated water in an aquifer during the wet season when river flows
are high and recover the water when river flows are low and other supplies are limited. The
DLTWTF is permitted to withdraw an annual average quantity of 82 mgd and a maximum
daily quantity of 120 mgd.

The City requested that Carollo prepare a comprehensive Master Plan (MP), including a
prioritized capital improvement program (CIP). The CIP included the recommendation for a
DLTWTF expansion project with implementation of a new 140 mgd magnetic ion exchange
(MIEX®) treatment system, to reduce operational expenses (OPEX) and extended
infrastructure life within the conventional and Actiflo™ treatment systems without
compromising overall TOC removal. Due to uncertainty associated with performance
guarantee of such implementation, a pilot study was conducted.

Figure ES.1 shows the average finished TOC for the pilot plant and full scale plant. The
results of this study found that the pilot plant produced the same or better finished water
TOC as the full scale system (average values less than 3.0 mg/L), whether it was operating
with MIEX® pretreatment or mimicking full scale operation with enhanced coagulation. This
was imperative to achieve in order to be able to justifiably compare performance and
confirm similar results could be expected with full scale implementation of MIEX®
pretreatment.

Additionally, it was found that MIEX® was able to significantly reduce the downstream
chemical demand, lowering the ferric sulfate dose by an average of 70 mg/L and eliminating
the need for sulfuric acid and lime.
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Based on the reduced chemical usage and solids processing and disposal, in addition to
the costs associated with MIEX® operation, MIEX® is approximately 2.7% less costly over
a 30-year life cycle net present value (NPV), as shown in Table ES-1.

Table ES-1 Economic Analysis Summary (in $1,000s)
David L. Tippin Water Treatment Facility Master Plan
City of Tampa
Alternative 1B 2A
Expanded Fluidized lon
Conventional Exchange
Description Treatment Pretreatment

Capital Cost $76,700 $166,200

Annual O&M Cost $8,200 $5,100

Basin Rehab in 15 yrs (Structural) $2,900 $-

Basin Rehab in 30 yrs (Structural) $2,900 $-

Net Present Value (20-Year) $242,900 $269,000

Net Present Value (30-Year) $337,000 $328,100

Notes:

(1) Capital and O&M costs were developed in accordance with a Class IV opinion of probable cost
of construction as defined by the Association of Advancement for Cost Engineering (AACE).The
expected accuracy range is from -15% to -30% and +20% to +50%. Class IV budget estimates
are typically prepared for master planning and based on preliminary process flow diagrams,
main process systems, plant schematic layouts, and major equipment.

The results also indicated that MIEX® is most effective during low TOC season, which has
historically been a time where the DLTWTF struggles to efficiently and effectively treat the
water, and is likely due to the change in the type of organics. The MIEX® treatment process
is known to remove low molecular weight and non-aromatic hydrophilic type organics, while
the enhanced coagulation process removes larger, aromatic hydrophobic type organics.

It was confirmed that the MIEX® process is capable of producing low TOC effluent under
dynamic conditions of widely varying and quickly changing source water quality.
Considering the possibility the DLTWTF may be required to process and treat up to 50 mgd
of alternative water supply as part of the Tampa Augmentation Project (TAP) there is
potential that ‘low TOC season’ could occur year-round. Based on the type of organics in
the new water supply, MIEX® pretreatment could then become more effective overall and
provide additional cost savings.

In addition to water quality and economic considerations, a number of qualitative
considerations were discussed. The results of this study suggest that MIEX® is capable of
removing the majority of TOC seasonally, eliminating the need for the currently utilized acid
pH depression enhanced coagulation process. This would allow the DLTWTF to operate at
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a more neutral coagulation pH, which would result in extended useful life for the existing
basins in terms of concrete and structural steel integrity. Additionally, City staff could avoid
handling the high strength sulfuric acid and reduce the risk of a potentially dangerous
spill/accident. The elimination of lime could also save City staff time since lime slaking and
slurry systems tend to be labor intensive.

In addition to the benefits realized from the study, there were also a number of risks
identified for consideration including potential water quality issues with respect to bromate,
chloride, and sulfate. Additionally, due to the DLTWTF's substantial rated capacity, there is
inherent risk since full scale implementation of this system would be the largest in the U.S.
by more than a factor of 3. MIEX® is a proprietary process and the resin used in this
process is currently manufactured in Australia. As such, it could be difficult and expensive
to receive virgin resin in a timely fashion should this source of supply become interrupted or
unavailable or if the DLTWTF required a complete replacement of the original resin. To
mitigate this risk, IXOM has agreed to construct a new resin manufacturing facility to be
located in the United States. Confirming this intention, perhaps contractually, with IXOM
would be prudent before moving forward with implementation of this technology.

A major benefit originally presented with the MIEX® pretreatment option was the use of a
waste brine treatment system in conjunction with a third party to haul away concentrate
from this system, with the goal of saving salt costs and maintaining zero-discharge status.
There was not enough data collected to statistically confirm this system'’s effectiveness for
salt savings or confirm that the third party vendor could consistently and reliably use the
waste concentrate as a viable product. Therefore, there is a risk that the waste concentrate
would have to be disposed of in a different manner by the City and the DLTWTF would
potentially lose the ‘zero-discharge’ status.

Biological growth on the resin was witnessed early in the study and required pre-
chlorination to prevent resin fouling, ineffectiveness, and carry-over. With pre-chlorination of
the raw water there is the risk of formation of regulated disinfection by-products (DBPS),
specifically total trihalomethanes (TTHMs) and haloacetic acids (HAAs). DBPs were not
monitored during the study; however, due to the raw water TOC levels (up to 25 mg/L) and
required chlorine dose (average 2.9 mg/L), it can be assumed that DBPs could be a
significant issue. In addition to biological fouling issues, it has recently been observed that
there could be long term fouling of the resin. Specifically, it has been found that the resin’s
ability to de-sorb organics during the regeneration process becomes less efficient over time.
This can lead to decreased organics removal performance and eventually inability of the
resin to remove organics to the level that was experienced in the pilot.

According to IXOM, resin loss is hard to quantify at the pilot scale level and therefore was
not monitored during the study. Resin loss greater than IXOM’'s assumed value of

1.20 gallons of resin per million gallons of water treated would lead to increased O&M costs
at an amount of which is unknown and poses financial risk nhot shown in the economic
analysis.
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In regard to the Master Plan report, the intent of this study was to have the ability to finalize
the draft recommendation for Alternative 2A (See Chapter 5 for full detail on this alternative)
for the Project 4 - DLTWTF Expansion detailed in the prioritized capital improvement plan
(CIP) in Chapter 9. The Project 4 recommendation was scoped to include the addition of a
new 140 mgd MIEX® system and its supporting equipment among other projects required
for expansion. The other apparent option was Alternative 1B that does not include MIEX®
and would retain the enhanced coagulation process but also included a majority of the
other Project 4 scope items.

With respect to the filters, based on the pilot plant results (unit filter run volumes, solids
loading rates, runtimes, and clean bed head losses), it is believed even with MIEX®
pretreatment the existing filters can only reliably and efficiently treat at a max loading rate of
2.9 gpm/ft? (~92 mgd assuming two large filters out of service) as originally noted in Chapter
3. At this rate, the expansion project would include 48 mgd of new filters. Therefore, it is
recommended that the City take a phased approach to filter expansion as to not
unnecessarily construct new filters. The City should implement the hydraulic improvement
recommendations, as specified in Chapter 4 of the Master Plan first and then proceed with
full scale demonstration and testing to witness any impacts to increased filter loading rates,
runtimes, and UFRVs. This can be completed independently of MIEX® implementation
since this pilot study did not find MIEX® pretreatment to significantly impact or improve filter
operations. Filtration optimization with the new implemented hydraulic and process
improvements could then help determine the new max loading rates and subsequent
finalization of exact quantity of additional filters to meet 140 mgd capacity.

Based on the collective results and observations of this study on water quality, capital and
O&M costs, and qualitative considerations, it is recommended that the City implement
Alternative 2A that includes MIEX® as a pretreatment system for the DLTWTF; however,
with a caveat that the City include the cost of an additional extended (one year) pilot study
with MIEX® pretreatment in operation the entire duration. Additionally, mitigation and
resolution of the risks identified and presented herein should be wholly resolved through
piloting before the MIEX® full scale system is constructed. This pilot would be operated in
conjunction with the conceptual engineering design of the full scale MIEX® system.

This recommendation is partly based on the water quality and economic considerations of
MIEX®. Water quality and overall process performance for the pilot and full scale systems
were very similar, with MIEX® at times providing lower finished water TOC concentrations.
Additionally, the economic analysis showed that both alternatives have essentially the same
net present values at 30 years, with MIEX® being 2.7% less in NPV life-cycle. Considering
this, MIEX® is a viable and promising treatment option for the DLTWTF. However, due to
the qualitative considerations and intermittent gaps in data, it is recommended to fully
capture an entire year of data, not only in regard to TOC removal, but more specifically to
include:
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° Resin condition monitoring (RCM) analysis and organics desorption during the
regeneration process throughout the year to understand degradation and decrease in
organics removal performance over time.

J VSEP treatment runs multiple times per month to gather additional data to fully
understand potential salt savings, in addition to multiple sample set deliveries to the
third party vendor for confirmation of viable concrete stream usage.

o Collection of ozone dose and demand data, and bromate data (can be completed at
bench scale), and consideration of various bromate control techniques. Testing
should include blends of raw water from various DLTWTF supply sources including
the reservoir and ASR recovery wells.

. Collection of DBP data to determine the impacts of prechlorination prior to MIEX®
(can be completed at bench scale)

o Evaluation and mitigation of air entrainment issues associated with the original pilot.
o Piloting of the SIX process simultaneously with the MIEX® process (for the last 6
months).

Additionally, IXOM should provide a performance guarantee for TOC removal as well as
documentation supporting their intent to construct a resin manufacturing facility in the
United States.

Without full understanding and mitigation of the identified risks, MIEX® cannot be
confidently recommended. By conducting additional piloting to confirm risk mitigation
approaches in conjunction with the conceptual design, the City and their consultant could
better understand the needed customized design of this complex system to fully meet the
needs of the DLTWTF while minimizing risks and unknowns.

2.0 INTRODUCTION

The City of Tampa Water Department currently owns and operates the David L. Tippin
Water Treatment Facility (DLTWTF), which produced about 75 mgd of potable water for its
customers (610,000 population; 135,000 service locations) in 2017. The primary source of
water for the DLTWTF is the Hillsborough River, while a secondary source is the Tampa
Bypass Canal Middle Pool. DLTWTF also uses an aquifer storage and recovery (ASR)
system of wells to store treated water in an aquifer during the wet season when river flows
are high and recover the water when river flows are low and other supplies are limited. The
facility is permitted to withdraw an annual average quantity of 82 mgd and a maximum daily
guantity of 120 mgd.

The City requested that Carollo prepare a comprehensive Master Plan (MP) including a
prioritized capital improvement program (CIP) that optimized treatment, improved treated
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water quality, reduced operating costs, and enhanced treatment and operations through a
carefully planned repair and replacement program. The Draft Master Plan was submitted in
May 2017 which included the recommendation for Project 4 - DLTWTF Expansion, which
was scoped to include the addition of a new 140 mgd magnetic ion exchange (MIEX®)
system and its supporting equipment, as well as upgrades to the conventional system, the
filtration system, and the solids handling systems. Additionally, pilot testing for MIEX® and
conventional system optimization, among other items, were recommended. As a result of
these recommendations, the City amended the original scope of work for Carollo to provide
services related to pilot plant equipment leasing and support services for a six-month pilot
plant study scheduled for start in Fall 2017.

This report provides the pilot plant design, goals, operations, test plans, and results of the
study conducted from September 2017 to March 2018. Section 9.0, 10.0, and 11.0 include
overall pilot plant performance versus existing full scale facility performance, and details on
full scale implementation and other qualitative considerations when considering MIEX®
pretreatment. This report is an Appendix to Master Plan Report.

2.1 Acknowledgements

It is essential to acknowledge the work, commitment, and endless hours many of the City's
staff, operators, and equipment suppliers put forth for this effort. The success of this study
would not have been possible without the City's dedication to the pilot's mechanical and
process operations, extensive water quality testing, and optimization of varying treatment
scenarios.

2.2 Background

A detailed alternatives analysis was completed as a part of the Master Plan efforts
(Chapter 5) due to the existing challenges, need for expansion, and extensive chemical use
currently realized at the DLTWTF (because of the enhanced coagulation treatment method
detailed in Chapter 3). Five alternatives were evaluated to optimize and/or replace the
enhanced coagulation (EC) treatment and solids handling processes while still achieving
the City's goals for TOC removal and overall finished water quality.

The alternatives evaluation resulted in the tentative recommendation for Alterative 2A,
which would improve and expand the existing conventional treatment trains, retain the
existing Actiflo™ treatment trains, and implement a new 140 mgd MIEX® pretreatment
system, pending a successful pilot study of the MIEX® system.

As previously described in Chapter 5 of the Master Plan Report, the MIEX® treatment
process is a continuous ion exchange water treatment process using MIEX® resin in a
fluidized bed. The resin provides high surface area allowing the rapid uptake of dissolved
organic carbon, and other anionic contaminants as raw water flows through the bed. The
removal of DOC can allow downstream water treatment systems to improve effluent water
quality, provide easier operations, and offset chemical usages.
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MIEX® resin is regenerated (in a side stream batch process) using a sodium chloride
solution. The chloride ions replace the DOC on resin exchange sites so that it can be used
in the water treatment process again. To reduce the amount of sodium chloride consumed
in the regeneration process, a waste brine treatment process can be implemented to
minimize the waste brine volume and provide salt recovery in the system. This option was
utilized in the study and is described in detail herein. Additionally, the treated concentrate
could potentially be given or sold to a third party, the viability of which was also included in
this study.

The results of this pilot study influenced the final recommendations in the master plan
including the process evaluation (Chapter 3), the alternatives evaluation (Chapter 5), and
the prioritized capital improvement plan (Chapter 9).

3.0 PILOT PLANT DESIGN

The study consisted of four pilot treatment skids; MIEX®, Flocculation/Sedimentation
(further referred to as floc/sed unit for brevity), intermediate Ozone, and Filtration. The
MIEX® system also included a vibratory shear-enhanced process (VSEP) membrane pilot
unit to treat the collected waste brine from the MIEX® system. The MIEX® pilot was
supplied by IXOM®©, and the remaining skids provided by Intuitech® through Carollo. This
section details the specific design for each pilot skid. The pilot plant was located in the
DLTWTF's Chemical Building. City staff prepared the room, previously used for polymer
storage, to include a drain system, chlorinated water supply, compressed air delivery
system, and electrical service. Much like the rest of the chemical building, the room was not
air conditioned.

3.1 Process Flow

The overall process flow diagram for the entire treatment train is shown in Figure 1. A
detailed process flow diagram for the all the pilot systems are included in Appendix A.

The raw water was supplied at a rate of 10 gpm by an existing air operated double
displacement pump and feed piping system, which is pulled from the Hillsborough River
and services other areas in the plant. During times when MIEX® was tested, after pumping,
the raw water would flow up through the resin filled contactor, through a set of inclined plate
settlers (to separate any remaining resin) and through the collection launder pipes before
flowing to the break tank and being pumped to the floc/sed unit. After pumping, ferric sulfate
and sulfuric acid would be added prior to rapid mixing. Floc aid polymer addition (when
MIEX® was off) occurred between the first and second stages of flocculation and caustic
was used to adjust pH after settling and prior to ozonation. The settled water was then
treated through the ozone unit, followed by filtration in each of the four filters. The filters
were operated in biologically active mode to mimic full scale operations. During times when
enhanced coagulation was piloted, the raw water flow would was processed through the
MIEX® contactor which would be void of resin so no organic treatment occurred through
the unit.
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The VSEP system was used to treat brine from the MIEX® system in batches. The
permeate was sent back to the salt saturator tank, and samples of the concentrate were
sent to a third party for analysis, discussed in more detail herein.

All pilot effluent waste lines were sent to the DLTWTF's existing surge tank (backwash
waste washwater), where supernatant was ultimately to be re-treated in the full scale
system.

Each of the Intuitech skids included automatic data logging of key parameters, remote
monitoring and control using a standard web browser, and email alarm notifications. The
City utilized these features throughout the study. Detailed process flow diagrams of each
skid are included in Appendix A for reference.

3.2 MIEX®

Table 1 details the components of the MIEX® pilot skid. The skid consists of a contactor
tank and mixer where treatment for organics removal occurs, in addition to the regeneration
system that includes loaded resin, regen, brine, and saturated salt tanks. The regeneration
system also has a regen tank mixer, underdrain pump, and brine pump. Between
regenerations, resin loaded with anionic contaminants, referred to as “Loaded Resin”, is
transferred from the Contactor Vessel to the Loaded Resin Tank in batches, where it
accumulates for a regeneration. A brine solution from the Brine Tank is pumped through the
bed in a plug flow manner to reverse the ion exchange process, replacing DOC and other
anionic contaminants with chloride making “Fresh Resin”. As the brine is pumped through
the bed, an initial set volume is purged to waste to prevent the over concentration of
organics in the brine system. The remaining brine is returned to the Brine Tank for reuse. A
small volume of a saturated brine solution is pumped from the Saturator to make up for the
brine wasted. After a soaking period to ensure the brine completes the ion exchange
reversal, rinse water is pumped through the bed to remove the excess chlorides. The resin
is then fluidized and stored in the Regeneration Tank where it is transferred back to the
Contactor in small batches.

Table 1 MIEX® Pilot Skid Specifications
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

Parameter Value

Assembled Dimensions 154"Lx3 6"Wx8H

Maximum Flow Rate 15 gpm

Regeneration System Tanks 4 (Loaded Resin, Regen, Brine, Saturated Salt)
Pumps 2 (Underdrain, Brine) @ 5.0 gpm each
Bed Volume Treatment Range 200 - 1000
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Table 1 MIEX® Pilot Skid Specifications
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

Parameter Value

Regeneration Rate Range 1.67 — 3.00 gallons resin / 1,000 gallons water treated

Resin MIEX® Gold Resin
Salt Morton Solar Salt Water Softening Crystals
3.21 VSEP

The components of the VSEP skid are shown in Table 2. To minimize the waste brine
volume and provide salt recovery in the system, the VSEP waste brine treatment process
utilizes a vibrating membrane which minimizes fouling caused by concentration polarization.
Manufactured by New Logic Research, Inc. of Emeryville, CA, the nanofiltration (NF)
membrane allows a relatively large portion of monovalent ions (e.g. sodium and chloride
ions) to pass through the membrane but reject with high efficiency multivalent ions (e.g.
dissolved organics).

Table 2 VSEP Pilot Skid Specifications
David L. Tippin Water Treatment Facility Master Plan
City of Tampa
Parameter Value
Assembled Dimensions 46"Lx39"Wx9 2"H
VSEP System Tanks 3 (Brine, Concentrate, Permeate) @ 250 gal each
Pumps 1 (brine feed) at 8 gpm
Clean in Place Chemical Tank 1 at 30 gallons
Bag Filter 1
Membrane 1 nanofiltration membrane at 50 ft? area
Max Operating Pressure 600 psi

The waste brine feed is separated into a saline permeate stream and a heavily organic
saline reject (concentrate) stream. The clean permeate stream produced by the membrane
unit can be reused in the system as salt saturator make-up volume; which saves on overall
salt consumption, and a reduced volume of waste to be disposed. The quantity of the
recovered volume, as permeate, is dictated by the volume of saturated brine solution used
in MIEX® regenerations. Therefore, the VSEP unit must operate at a recovery between 40
and 50% in order to achieve a water balanced saturated brine system.

Samples of the collected VSEP concentrate reject were shipped to BORAC for offsite
analysis and testing. BORAC is a third party company that may be able to utilize the
concentrate by extraction of organics from the waste into a viable DOC based solid. If
BORAC finds the concentrate to be viable, then the DLTWTF would maintain its
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‘zero-discharge’ status since the permeate is re-used in the regeneration system and the
concentrate would be given to BORAC.

3.3 Coagulation, Flocculation, Sedimentation

The specifications for the floc/sed skid are shown in Table 3. The pilot module consists of a
feed pump, two stage rapid mix (run in parallel), three stage flocculation, inclined plate
sedimentation, a sludge removal system, and up to five chemical feed systems. Feed flow
is maintained through automatic proportional-integral-derivative (PID) flow control. Mixers
are variable speed with direct entry of mixing gradient setpoint (in units of sec?). Inclined
sedimentation plates can be added or removed as necessary. Sludge can be removed
continuously or intermittently. The sludge pump can also be used to recirculate sludge back
into any of the flocculation basins but was not done in this study. Chemical feed pumps
could be flow paced with direct entry of chemical dosage, or controlled through a PID loop
to maintain the pH.

Table 3 Floc/Sed Pilot Skid Specifications
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

Parameter Value
Assembled Dimensions 94" H x 163" W x 50" D
Maximum Flow Rate 10 gpm

Rapid Mix Basins (quantity/size) 2@ 2.5¢gal

Rapid Mix Basins (max operation) 1500 s?
Flocculation Basins (quantity/size) 3@ 120 gal
Flocculation Basins (max operation) 100 st

Settling Plates (quantity/size each) 28 @ 2.8 ft?
Chemical Feed Pumps (quantity/size) 5@ 0.01 - 21.7 gpd Range
Sludge Pump Flow Rate Range 0.14 - 1.40 gpm

With the exception of the manually actuated valves, the equipment is monitored and
controlled by an HMI (Human Machine Interface). The HMI communicates with the on-
board PLC (Programmable Logic Controller), which monitors and controls various
instruments and components. In short, the operator monitors the equipment through the
HMI, which interacts with the PLC, which in turn activates the various equipment
components.

3.4 Ozone

The ozone skid consists of a feed pump, five contact chambers, an ozone generator, and
an ozone destruct unit. The specifications for the unit are shown in Table 4. The feed flow is
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controlled automatically. Contact chambers have twenty-five volumetrically-spaced ports for
sampling dissolved ozone. Ozone generator is air-cooled with an integral oxygen
concentrator for creating ozone from ambient air, and shuts down automatically if a leak is
detected.

Table 4 Ozone Pilot Skid Specifications

David L. Tippin Water Treatment Facility Master Plan

City of Tampa
Parameter Value
Assembled Dimensions 140" H x 30" W x 120" D
Flow Rate Range 1.6-7.0gpm
Contactors 5@ 13.9 gal
Ozone Delivery Range 0.13 - 0.58 Ib/day
Ozone Dose Range 1.50 — 30.2 mg/L

With the exception of the manually actuated valves, the equipment is monitored and
controlled by an HMI which communicates with a small PLC in the control panel that
monitors and controls various instruments and components.

3.5 Biofiltration

The Biofiltration skid consists of four constant-rate filters with individual feed pumps, and up
to five chemical feed systems. Each filter operates using automatic PID flow control. The
module can be operated as four independent filters, or two sets of two filters in series. The
air scour and backwash systems are shared by all filters, and also utilize automatic PID flow
control. Chemical feed pumps are flow paced with direct entry of chemical dosage. Each
chemical pump can be selectively paced to any of the filter feed flows, the combined filter
feed flow, or the backwash flow. Backwashing is initiated manually by an operator in the
manual mode, or on runtime, run volume, head loss, or effluent turbidity in the automatic
mode. Only one filter may be backwashed at a time. The equipment is monitored and
controlled by an HMI that communicates with the on-board PLC, which monitors and
controls various instruments and components. The specifications for the skid are shown in
Table 5.
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City of Tampa

Table 5 Biofiltration Pilot Skid Specifications
David L. Tippin Water Treatment Facility Master Plan

Parameter Value

Assembled Dimensions 136" H x 146" W x 50" D

Flow Rate 0-12.0gpm

Filters 4 @ 6" internal diameter, 117" height
Maximum Media Depth 72"

Filtration Rate Range

2.55 - 15.3 gpm/sq ft

Backwash Rate Range

5.10 - 30.6 gpm/sq ft

Backwash Tank Capacity

150 gal

Air Scour Rate Range

2.55 - 10.2 scfm/sq ft

Chemical Feed Pumps Range

5@ 0.01-21.7 gpd

Chemical Feed Tanks

5@ 4 gal

4.0 OPERATIONS, MONITORING, AND TEST PLANS

The pilot systems and skids were installed and commissioned in early September of 2017.

Training and troubleshooting occurred for the duration of the month. The pilot study and

water quality data collection was conducted from October 2, 2017 through March 31, 2018

to evaluate the performance over time when influent water quality varied seasonally and
with various chemical and process configurations.

The pilot units were typically staffed Monday through Friday from 6:30 am to 3:30 pm.
Remote access and online data logging for the skids were utilized to help facilitate

continuous operation overnight and over weekends without the presence of an operator.
Plant staff could troubleshoot a number of issues remotely and control skid operation as

necessary. A summary of the pilot study test plan is shown in Table 6 and Figure 2 shows

this information visually.

The City also provided a detailed log book which included information on shutdowns,
change in operations, mechanical issues, water quality issues, and the like, which is

included in Appendix B.
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Table 6 Pilot Study Operations Summary
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

Date MIEX®® Floc/Sed® Ozone® Filtration Loading Rate Operation Filtration Media Operation
August 28th - September 29th Installation, Start-up, Commissioning, Training, & Troubleshooting®
October 4th - October 6th Offline Ferric Sulfate, Sulfuric Acid, Caustic, Polymer
: : . All Filters - 12" Sand, 22" GAC
October 7th - November 24th 600 BV Ferric Sulfate, Chlorine (starting Oct 31)®) All Filters - 2.2 gpm/sq ft
November 27th - December 12th Offline Ferric Sulfate, Sulfuric Acid, Caustic, Polymer
December 13th - December 22nd Offline Ferric Sulfate, Sulfuric Acid, Caustic, Polymer All Filters - 3.5 gpm/sq ft
) ) ) ) ) Filters 1 & 2 - 12" Sand, 22" GAC
December 22nd - January 5th Offline Ferric Sulfate, Sulfuric Acid, Caustic, Polymer .
Filters 3 & 4 - 6" Sand, 36" GAC
January 8th - January 22nd 600 BV Ferric Sulfate, Chlorine Target Residual of 0.30 mg/L All Filters - 4.0 gpm/sq ft
January 23rd - February 15th 1000 BV Ferric Sulfate®, Chlorine at 5.0 minute contact time to

match full scale operations

Filter 1 & 2 - 2.3 gpm/sq ft

February 16th - February 28th 1000 BV Ferric Sulfate, Chlorine Filter 3 & 4 - 3.5 gpm/sq ft
March 1st - March 8th 1000 BV Ferric Sulfate, Chlorine i .
. . . . . F!:ter 1&2-2.3 gpm;sq ]]:t All Filters - 12" Sand, 24" GAC
March 9 - March 19th Offline Ferric Sulfate, Sulfuric Acid, Caustic, Polymer Filter 3 & 4 - 4.0 gpm/sq ft
Filter 1 & 2 - 2.3 gpm/sq ft
March 20 - March 31st Offline Ferric Sulfate, Sulfuric Acid, Caustic, Polymer Filter 3 & 4 - 3.5 gpm/sq ft
Notes:

(1) Online instrumentation for each skid was logging data, however, no water quality samples were taken since treatment was not being optimized during this time.

(2) The floc/sed unit was operated at approximately 9.0 gpm for the duration of the pilot study.

(3) The ozone unit was operated at approximately 3.5 gpm for the duration of the pilot study to ensure adequate ozone dosing. Higher flow rates would significantly increase the needed ozone generator output, which was unnecessary since
the filters only required a total of less than 3 gpm for operation at range of loading rates.

(4) The Bed Volume Treatment Rate (BV) is a ratio of water treated and resin regenerated and is used for process control in ion exchange systems. It signifies how frequently resin regenerations occur throughout the water treatment process
and therefore how aggressively the system treats the water. Because of this, higher BVs indicated more water treated with less frequent regenerations.

(5) PolyDADMAC was also utilized from February 2 — 9t 2018, overdosing of this polymer occurred from February 2" — 7t with consistent feed of 1 ppm polymer February 7t — 9th,

(6) Pre-chlorination was implemented on October 315t and utilized when the MIEX® system was in operation due to the suspected biological growth on the MIEX® resin.
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Additionally, pre-chlorination on the raw water feed line was used when MIEX®
pretreatment was in operation due to the apparent biological growth on the resin. Pre-
chlorination began 10/31/2017.

As illustrated in Figure 2, operations were conducted in a manner to fully test a number of
treatment scenarios across the entire pilot treatment train throughout seasonal water quality
variations. It also denotes shutdowns (whether intentional or unintentional) that lasted
longer than one day.

In addition to the water quality parameters monitored continuously on the pilot skids, grab
samples were collected and primarily used in the data analysis for this study. The water
guality grab sampling matrix that was implemented is shown in Table 7. Filtered effluent
samples were taken for each of the four filters. Additionally, the City implemented an online
UV analyzer to monitor settled water (floc/sed effluent) which helped forecast expected
TOC removal performance thereby allowing for implementation of any needed changes on
a day-to-day basis. The City also conducted periodic jar testing to help determine
appropriate dosing schemes based on changing influent water quality throughout the study.

The analytical methods are also shown in the Table 7. VSEP water quality samples were
collected and processed by IXOM (EOR: end of VSEP run, BOR: beginning of VSEP run).
The contents of this report focuses on a number of these water quality parameter results;
however, all results are provided electronically as Appendix C.

4.1 MIEX®
The MIEX® skid was capable of monitoring and recording the following:

. Raw Water Flow Rate

Regeneration Step Number

. Regeneration Tank Level

. Brine Tank Level

. Saturator Level

o Underdrain Brine Conductivity
. Brine Conductivity

Aside from the raw water flow rate, the parameters were recorded online during the
regenerations as process control parameters. Reviewing these parameters allowed the
operator to interpret from the HMI when regenerations occurred and whether the
regenerations were performing optimally.
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Table 7

City of Tampa

Water Quality Sampling Matrix
David L. Tippin Water Treatment Facility Master Plan

VSEP(conducted by IXOM)

Parameter Raw MIEX® Effluent Floc/Sed Ozonated Filtered Effluent City Conducted Analytical
Effluent Effluent Methods Feed Permeate | Concentrate

Turbidity 1/day, 5 days/wk | 1/day, 5 days/wk | 1l/day, 5 days/wk 1/day, 5 days/wk SM 2130 B

pH 1/day, 5 days/wk | 1/day, 5 days/wk | 1/day, 5 days/wk 1/day, 5 days/wk EPA 150.1

Temperature 1/day, 5 days/wk | 1/day, 5 days/wk | 1/day, 5 days/wk | 1/day, 5 days/wk | 1/day, 5 days/wk Not certified / SM 2550

Alkalinity 2/wk 2/wk 2/wk 2/wk SM 2320B

TOC 2/wk 2/wk 2/wk 2/wk SM 5310 C

DOC 2/wk 2/wk 2/wk 2/wk Not certified / SM 4500.0 G 1/ BOR 1/ EOR 1/ EOR

UV2s4 1/day, 5 days/wk | 1/day, 5 days/wk | 1l/day, 5 days/wk 1/day, 5 days/wk SM 5910B

Magnesium 2/month 1/study 1/study 2/month Not certified / EE’;‘ /EOO'S -RLis0.1

Apparent Color 2/wk 2/wk 2/wk 2/wk SM 2120B

Conductivity 1/wk 1/wk 1/wk 1/wk SM 2510 B 1/ BOR 1/ EOR 1/ EOR

Ammonia 1/month 1/month 1/month 1/month 1/month DOC 316.53.01501

Orthophosphate 1/wk 1/wk 1/wk 1/wk 1/wk EPA 300.0

Odor (TON) 1/wk 1/wk SM 2150 B

Arsenic 1/wk 1/wk 1/wk EPA 200.8

Sulfate 2/wk 2/wk 2/wk 2/wk 2/wk EPA 300.0 1/ BOR 1/ EOR 1/ EOR

Chloride 1/wk 1/wk 1/wk 1/wk 1/wk EPA 300.0 1/ BOR 1/ EOR 1/ EOR

MIB® 1/study 1/study 1/study 1/study SM 6040D

Geosmin® 1/study 1/study 1/study 1/study SM 6040D

Bromide 1/wk 1/wk 1/wk 1/wk EPA 300.0

Bromate 1/month

Nitrite 2/wk 2/wk 2/wk 2/month 2/wk EPA 300.0 1/ BOR 1/ EOR

Nitrate 1/wk 1/wk 1/wk 2/month 1/wk EPA 300.0 1/ BOR 1/ EOR 1/ EOR

Hardness, Total 3/wk 3/wk 3/wk 2/month 2/month SM2340C-RLis 1

BOD (biological oxygen demand) 1/ BOR 1/ EOR 1/ EOR

COD (chemical oxygen demand) 1/ BOR 1/ EOR 1/ EOR

SRP (soluble reactive phosphorus) 1/ BOR 1/ EOR 1/ EOR

TSS (total suspended solids) 1/ BOR 1/ EOR 1/ EOR

TDS (total dissolved solids) 1/ BOR 1/ EOR 1/ EOR

Calcium 1/ BOR 1/ EOR

Silica 1/ BOR 1/ EOR

Sodium 1/ BOR 1/ EOR 1/ EOR

Iron 2/wk 2/wk 2/wk 1/ BOR 1/ EOR

Manganese 2/month 2/month 2/month 1/ BOR 1/ EOR

Fluoride 1/wk 1/wk 1/wk 1/wk 1/wk EPA 300.0 1/ BOR 1/ EOR
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Each day, resin concentration samples were taken from the contactor to monitor the resin
bed expansion and the resin inventory. Salt usage was also monitored and was logged
manually.

The MIEX® skid was operated as follows:

. Contactor resin concentration: 200 — 250 mg/L

o Resin raw water contact time: 4 — 6 minutes

o MIEX® resin treatment rate: 600 & 1000 bed volumes
. Raw water flow rate: 10 — 15 gpm

Due to biological growth witnessed on the resin, discussed herein, a pre-chlorination step
was added October 31, 2017 and used when the MIEX® system was in operation. The
chlorine was fed into the raw water line approximately 1 minute (hydraulic detention time)
from the raw water sample port and at doses ranging from 0.9 — 7.4 mg/L.

41.1 VSEP Brine Treatment

During a test run, the VSEP skid monitored and recorded the following parameters:
° Feed pressure

. Vibration amplitude

o Permeate flow rate

o Concentrate flow rate

o Percent recovery

A sample of the waste brine feed was collected prior to a test run and samples of permeate
and concentrate were collected at 10% recovery intervals throughout the test run.

The VSEP was operated under the following conditions:
° Feed pressure: 350 — 400 psig

° Vibration amplitude: ¥2" — %"

° Membrane flux: 17 — 20 gal/ft?/day

. Percent recovery: 50%

It is possible to run the unit at a higher recovery, but 50% recovery was selected based on
the volume balance around the salt saturator, as the permeate is used as makeup water to
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the saturator. At ~50% recovery, the permeate volume is approximately equal to the
amount of saturated salt solution used. Running at a higher recovery would result in a
smaller concentrate stream, but there would be excess permeate that would need to be
disposed of since it cannot be put back into the system.

The samples were analyzed at IXOM’s laboratory for dissolved organic carbon (DOC),
sodium, chloride, conductivity, and total dissolved solids to determine the effectiveness of
the membrane separation process and to verify assumptions used in evaluating the salt
cost savings. As noted, waste concentrate samples were sent to BORAC for analysis to
determine if the product was suitable for their use.

4.2 Coagulation, Flocculation, Sedimentation

The floc/sed skid was capable of monitoring and data logging the following parameters
every five minutes of operation:

° Date
° Time
° Inlet:

- Pump Flow (gpm)
- Temperature ("C)
- pH

- Turbidity (NTU)

. Rapid Mix Basin pH

. Rapid Mixer and Flocculation Mixer Energy (sec-1)

o Settled Water pH

o Settled Water Turbidity (NTU)

. Chemical Pump Flow (mL/min, based on peristaltic pump speed)

Chemical dosing in milligrams per liter was determined by utilizing the inlet flow rate,
chemical pump flow, and solution or active concentration of each chemical being fed. The
City provided these concentrations as follows:

Ferric Sulfate - 1,560,000 mg/L solution concentration
Polymer - 2,400 mg/L active concentration
Caustic - 1,530,000 mg/L solution concentration

Acid - 1,830,000 mg/L solution concentration

a pr wDn e

Chlorine — 115,000 mg/L solution concentration
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Therefore, chemical dosage was calculated using the following equation:

Chemical Pump Flow (ml;)*chemical Solution Concentration (%) gal 1L
*

. m, 7
Chemical Dose (—g) = .
L Raw Water Flow (gpm) 3.785L 1000 mL

Ferric sulfate solution was collected from the full scale storage system. Polymer was
created in batches and mixed manually as needed. Lime was not utilized for settled water
pH adjustment in the pilot because it was not feasible to form a consistent slurry at the pilot
scale. A temporary feed line from the full scale system was also not feasible since this line
would be expected to clog significantly and require constant maintenance. The use of
caustic allowed for consistent feed and pH adjustment and therefore was used in lieu of
lime. Caustic and sulfuric acid were purchased and delivered in 55 gallon drums for pilot
use.

As stated previously, for process control and determination of ferric sulfate dosing, the City
utilized and monitored an online UV analyzer which monitored the relative organics across
the floc/sed skid.

The coagulation and flocculation mixers were programmed to simulate tapered flocculation
and more ideal mixing conditions than what is currently witnessed full scale.

Start of Study through mid-December:

. Rapid mix 1 & 2- 1000 sec™

. Flocculation Stage 1 - 20 sec?
. Flocculation Stage 2 - 12 sec?
. Flocculation Stage 3 - 6 sec™

The mixing conditions were modified from mid-December through the end of the study, to
help mitigate impacts from reoccurring surface sludge (discussed herein), as follows:

. Rapid mix 1 & 2 - 1000 sec™

. Flocculation Stage 1 - 11 sec?
. Flocculation Stage 2 - 7.5 sec™
. Flocculation Stage 3 - 5 sec™

The sludge pump could be operated continuously or intermittently. The flow and operation
of this pump is not continuously logged on this unit. When operated continuously, the
sludge became compacted and unable to be removed from the system. Therefore, the
pump was operated intermittently for a majority of the study to help control sludge
accumulation and blowdown.
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43 Ozone

The following parameters were monitored and logged on the Ozone skid:
. Inlet pump flow (gpm)

. Dissolved ozone (mg/L)

. Ozone Feed Gas (g/Nm?®)

. Ozone Off Gas (g/Nm?3)

. Ambient Ozone (ppm)

The applied ozone dose in milligrams per liter was calculated using the following equation:

m3

hr) * 1000 mg/g

Feed Gas Concentration (Ni3)*Feed Gas Flowrate (

Ozone Dose (%) =

Raw Water Flow (%)

Off gas is monitored at the top of the ozone contact columns. When ozone off gas is
measured, the concentration can be used to calculate the transferred ozone dose which is
simply the feed gas dose minus the off gas reading.

Ozone residual readings were manually sampled at two locations in the first two ozone
contact columns to help determine required feed gas dose to achieve similar ozone contact
time and residual as full scale operations.

4.4 Biofiltration

The Biofiltration skid was capable of monitoring and data logging the following parameters
for each filter every five minutes of operation:

. Date
. Time
. For each filter:

- Flow (gpm)

- Head loss (feet)

- Filtered Turbidity (NTU)
- Runtime (hours)

- Run Volume (gallons)
— Filter Level (inches)
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The skid can also monitor chemical feed but was not utilized since chemicals were not
injected as part of the filter process. Figure 3 shows the primary HMI display for the unit,
which shows most of the parameters being monitored.

The skid can be operated in semi-automatic mode or automatic mode. With the exception
of cleaning, servicing, or intended/unintended shutdowns, each filter was operated in
automatic mode throughout the study. When operated in automatic mode, the filter
produces water until a backwash is triggered. The triggers for this are manually operator
input along with the backwash sequence. Typically, for this study, the programmed triggers
and backwash sequences for all filters is shown below:

1. Trigger:
a. Turbidity Limit - 5.0 NTU
b. Head loss Limit - 6.0 feet
C. Run Volume Limit - 1,960 gallons
d. Run Time Limit - 96 hours (this was adjusted from November 3™ to December 1%,

2017 to 24 hours, as discussed herein)

2. Backwash Sequence:

a.
b.

C.

5 «@

June 2018

Air Drain Level - Drain to 5 inches above level sensor
Air Scour Step - 180 seconds @ 0.50 scfm (2.55 scfm/sq ft)

Simultaneous Air Scour / Backwash Step - Time to fill to 34 inches above level
sensor @ 1.03 gpm (5.25 gpm/sq ft) and 0.50 scfm (2.55 scfm/sq ft)

Low-Rate Backwash - 120 seconds @ 1.03 gpm (5.25 gpm/sq ft)
High-Rate Backwash - 360 seconds @ 3.53 gpm (17.9 gpm/sq ft)
Low-Rate Backwash - 120 seconds @ 1.03 gpm (5.25 gpm/sq ft)
Settle - 15 seconds

Filter to Waste - 600 seconds

Return to service
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The triggers and backwash sequence were set to mimic existing full-scale operation, with
the following differences:

1. Full scale backwash sequence:

a. Air Scour Step — 90 seconds @ 2.73 scfm/sq ft

b. No simultaneous air scour/backwash step

C. Low-Rate Backwash — 30 seconds @ 5.66 gpm/sq ft
d. Step up to High-Rate Backwash

e. High-Rate Backwash — 330 seconds @ 15.6 gpm/sq ft

.

Step down to low rate
g. Low-Rate Backwash — 30 seconds @ 5.66 gpm/sq ft
h Repeat for other filter bay

i Return to service after filter to waste

Additionally, the full scale effluent turbidity trigger is set for 0.15 NTU. The pilot was not
programmed at this level due to expected variations in the pilot scale due to changing
operations, and because the full scale system is hardly ever backwashed on this trigger and
almost always on head loss. In order to minimize unnecessary pilot skid shutdowns, the
pilot was set at 5.0 NTU.

Filtered effluent was collected in a 150 gallon tank and used as backwash water and
therefore was not chlorinated. Filtered effluent not collected in the backwash tank was sent
to drain. Biologically active and exhausted GAC from the full-scale filters (collected just after
full-scale filter run and before backwashing) and fresh silica sand served as the media for
the pilot filters.

4.5 Operational Challenges

During times throughout the study, there were instances of mechanical challenges as well
as water quality challenges impacting operations. While this is to be expected at the pilot
scale, the issues and subsequent consequences or actions are detailed in Table 8 for
reference. The purpose of this table is to show reoccurring challenges or events along with
suspected impacts to operations and/or water quality. A detailed pilot log is provided in
Appendix B for reference.

The most recurrent and prominent operational issue, not shown in Table 8, was the
accumulation of a surface sludge which persisted at various levels of consistency and
thickness, and varying time periods throughout the study.
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Table 8

Pilot Operation Challenge Log

David L. Tippin Water Treatment Facility Master Plan

City of Tampa

Challenge Cause Resulting Action Operational Impact Water Quality Sample Impact
September:

Hurricane Irma NA All skids shutdown NA NA®

MIEX® regeneration tank mixer Reattached proveller

propeller came loose into tank Unknown prop Resin regeneration paused NA®

MIEX® contactor mixer broke Damaged during installation Replaced MIEX® skid shutdown NA®

Filters unable to operate in Replaced all transmitters Filters required semi-automatic mode, backwashes

automatic backwash mode Faulty and incorrect programming on level transmitters P had to be initiated manually NA®

Ozone analyzer reading
unexpectedly high dose values

Faulty ozone feed gas analyzer

Removed, repaired, and reinstalled
analyzer

Feed gas ozone not accurately monitored from until
September - November 15, therefore inhibiting the
ability to accurately measure ozone dose and
demand during this time frame.

Minimal impacts to most water quality
parameters. Ozone was controlled by

monitoring the online ozone residual analyzer.
However, since ozone dose was not able to be
measured, the subsequent impact to bromate

formation could not be quantified.

October

Ozone generator pressure not

Created backpressure device via tubing

Intermittent Ozone skid shutdowns (resulting in filter

sustained Malfunctioning pressure regulators (two occasions) and valve skid shutdowns) None @

Raw water flow lost Raw water pump clogged at river Cleaned All skids shutdown None @
Firewall blocking filter access and windows 7 needed Firewall dropped, City IT resolved,

No remote access to ozone or to ozone access. City IT department blocking access Windows 7 attained through use of Inability to remotely monitor operating status and

filter skids to remote viewing software. Virtual PC. control units None

MIEX® Resin loss

Biological growth on MIEX® resin

Addition of pre-chlorination step

Loss of resin and need for addition of virgin resin

No impacts to organics removal witnessed,
could have improved organics removal due to

bulk virgin resin additions

MIEX® regeneration step
pausing and resin transfer

IXOM corrected logic and transfer
setpoints

incomplete or uneven Level setpoints and program logic not ideal None. Regenerations were not impacted. None®

Power Failure unknown Power automatically restored All skids shut down None ©

Ozone residual increase Caustic feed tank ran out, allowing pH to decrease Caustic replenished Temporary decrease in ozone demand None®

FIop/se_d influent pump unable to Flushed pump _ _

maintain 9 gpm flow Unknown Intuitech skids shut down None®

MIEX® Skid HMI not functioning | A corrupt development file Repaired remotely by IXOM HMI access temporarily unavailable None

November

Low Flow to MIEX® system Raw water pumps shutdown for cleaning, Placed back online None None

MIEX® Mixer shaft broken Motor not installed properly Replaced Limited mixing in contactor None®
_ Action taken by full scale operations staff Limitgd treatment flow, and intermittent shutdowns of

Low raw water flow Clogged wye-strainer all skids (occurred from 11/11 through 11/17) None®
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Table 8

City of Tampa

Pilot Operation Challenge Log
David L. Tippin Water Treatment Facility Master Plan

Challenge

Cause

Resulting Action

Operational Impact

Water Quality Sample Impact

High pressure and low flow due to accumulation of
precipitated ferric and static mixer,

Pump replaced with pump from filter
skid, cleared out accumulation, removed

Consistent need for flushing, Intermittent Shutdown
of intuitech skids during replacement (occurred from

Floc/Sed influent pump low flow | acid feed before flow meter impacting reading static mixer, 11/14 to 12/5) None®
MIEX® regeneration cycle _ Alarm levels corrected by IXOM Intermittent regeneration pauses leading to .
pauses Tank level alarm setpoints not properly set temporary shutdowns None®
Unable to access MIEX® Repaired All skids over weekend shutdown due to inability to
remotely Transformer wire came loose inside MIEX® panel P remotely control None®
December
Acid feed line warm and Replaced with proper tubing, fittings and
discolored Improper tubing material check valve Temporary shutdown of all intuitech skids None®@
. . Temporary shutdown to install new chemical feed
: : : . Feed points moved to just after flow : . . ! .
Acid and ferric feed before flow meter impacting points, inaccurate dosing of chemicals since feeds
. . . . . meter

Flow meter readings inconsistent | instruments readings were flow based. None®

Turbidimeters in constant need
of flushing

High ferric doses

Not preventable under these operating
conditions

Regularly maintain and flush turbidimeters

Sporadic Spikes in online turbidity data, no long
term or trend impacts and no impacts to grab
samples

February

Filters stopping during drain

Force air to blow out any GAC in all
filters, Increased air drain flow from 0.25

stage of backwash Air valve suspected to be clogged with GAC scfm to 0.50 scfm Filter skid shutdown over weekend None
Ozone smell detected in pilot Repaired and Ozone destructor replaced
room Various leak locations (multiple occasions) P P Ozone feed shut off intermittently None

Ozone residual reading 0 mg/L

Sensor suspected to be uncalibrated since grab
sample measured 0.13 ppm ozone residual

Turned off ozone and zero’'d analyzers

Ozone shutdown for 2 hours, ozone residual
readings likely inaccurate in late February.

None®, City utilized grab samples to monitor
residual.

Remote access lost to ozone and
filter skids

Unknown

Reset modems for each to regain
access

Temporary loss of remote control

None

March

Ozone residual reading 0 mg/L

Sensor suspected to be uncalibrated

Moved ozone residual sample point
closer to injection point (on 3/1), Moved
back on 3/23.

Ozone residual data likely inaccurate in later
February

None, City utilized grab samples to monitor
residual.

Notes:

(1) Water quality was not being monitored at this time.

(2) Water quality samples already collected at time of event.

(3) Water quality samples postponed until after treatment restored or to following day.
(4) Water quality samples taken, however, decline or impact on treatment not witnessed
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As illustrated in Figure 4, actions taken to mitigate the sludge included:

. Thoroughly cleaned floc/sed skid and holding tank (multiple occasions).

o Lowered ferric sulfate feed (temporarily).

o Lowered and eliminated polymer feed (temporarily).

o Adjusted rapid mixing and flocculation mixing rates (temporarily).

o Complete chlorination of the raw water feed line (up to 150 ppm) (one occasion).

. Intermittent chlorine dosing (0.1 - 0.5 ppm) in raw water supply in pilot room before
MIEX® (temporarily).

. Installation of splash deflector on rapid mix weir (temporarily).
. Installation of new raw water pump at river.
. Installation of surface agitators in Flocculation Stages 2 and 3 (permanent).

Most of these efforts did not or only minimally impacted the surface sludge and ultimately
the greatest control mechanisms were the surface agitators and City staff manually
removing the sludge from the surface on a daily basis when sludge was present. City staff
were methodical with this process and conducted sampling to avoid collection
unrepresentative data due to any potential impacts when removing the sludge.

The occurrences of the surface sludge could not be verifiably linked to a single cause or
source. The sludge events did not correlate with any mode of operation or chemical regime.
It occurred during high and low TOC seasons, morning and evening, varying river and air
temperatures, and when MIEX® was operating and not operating.

During most occasions, small air bubbles were witnessed in the pilot units. In the floc/sed
unit air bubbles could be seen attached to flocculated material allowing it to be carried to
the surface. This impact was seen within the MIEX® system as well, and it is suspected
that it contributed to excess resin loss (in conjunction with the biological growth) and the
need for bulk virgin resin additions early in the study. The resin loss was not believed to
have caused an impact on organics removal since the amount of resin loss was not
significant. This bubbling and surface sludge phenomenon is not seen full scale. The City
recorded dissolved oxygen readings at various locations pilot and full scale as shown in
Table 9.
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10/11 Emptied & Cleaned Floc/Sed

10/12 Under dosing Ferric & Polymer, Turned off Polymer, Cleaned out holding Tank

10/13 Emptied & Cleaned Floc/Sed

10/31 Chlorine Feed in Raw Water Line (2.5 ppm)

11/1 Chlorine Feed in Raw Water Sample Port (6.5 ppm into MIEX, 0.1 ppm out of MIEX) Installed to control
4)( biogrowth on resin

11/2 Chlorine Feed in Raw Water Sample Port (0.1 — 0.5 ppm out of MIEX)

12/8 Emptied & Cleaned Floc/Sed, Installed Blade on 2" Stage

11/17 Chlorine Feed Leak Noticed & Off

12/11 Chlorine Feed to Raw Water Line (until 300 ppm at end of line)

11/27 Cleaned Floc/Sed Walls

12/14 Skimmed Water Surface

11/29 Skimmed Water Surface

12/18 Reduced Floc G Values

12/22 Skimmed Water Surface

1/4 Temporary PVC Siphon Overflow

1/10 Removing Sludge Daily until Disappearance

2/5 Skimmed Water Surface

2/19 Skimmed Water Surface & Blew Down Settling Plates

2/20 — End Skimmed Water Surface Daily
12/31/17 1/11/18 1/22/18 2/2/18 2/13/18 2/24/18 3/7/18 3/18/18 3/29/18

i

10/4/17 10/15/17 10/26/17 11/6/17 11/17/17 11/28/17 12/9/17 12/20/17
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Table 9 Dissolved Oxygen Measurements, Full Scale and Pilot
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

Date Location Time Temperature ('C) DO (mg/L)
3/21/2018 | Full Scale River (before 10:46 AM | 21.4 7.10
pumping) 3:00 PM | 20.9 6.27
Pilot Influent (in pilot 11:03 AM | 20.7 8.72
room) 310PM | 21.1 8.97
Pilot Coagulation Effluent  11:15 AM | 20.3 7.60
(before ozone) 3:30PM | 20.7 7.38
Pilot Ozone Effluent 11:35 AM | 20.1 9.14
3:45PM | 21.3 8.62
3/23/2018 | River (before pumping) 8:25 AM 19.9 6.79
Pilot Influent (in pilot 9:17 AM 18.5 8.70
room)
Pilot Coagulation Effluent  9:28 AM 18.6 7.53
(before ozone)
Pilot Ozone Effluent 9:45 AM 18.9 9.42
Full Scale Basin 5 - 8:45 AM 18.8 6.85
Flocculation Stage 1
Full Scale Basin 5 - 8:55 AM 19.2 6.74
Settled Water

As shown, there was an average ~2.1 mg/L increase in DO from the river to the pilot room.
When comparing to full scale, the increase in DO in the full-scale was insignificant.
Additionally, there was a ~1.3 mg/L decrease through coagulation in the pilot and
insignificant decrease in full scale. This decrease is expected since air bubbles were
witnessed meaning the dissolved oxygen was supersaturated and coming out of solution,
thereby being released and causing decrease in the final dissolved oxygen measurement.

Considering the varying conditions and persistent presence of the surface sludge, it is
suspected that there were multiple causes allowing the dissolved oxygen to come out of
solution, including, but not limited to:

. Air entrainment from raw water pump and/or supply line.
. Increase in temperature from river source through pilot.

It is thought that algae was not a contributing factor because the sludge occurrence was not
diurnal, did not dissipate with chlorination, and because DO would be expected to increase
throughout the day rather than decrease as witnessed. Again, this phenomenon is not
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expected to occur full scale with the implementation of MIEX® pretreatment given its
occurrence was nhot conclusively related to when MIEX® was in operation and is not
currently seen in the existing full scale operation.

Despite these operational challenges, there were no significant impacts on the collected
data or results of the pilot study. This was because of the diligent and careful efforts by City
staff in addressing these issues in a manner that minimized impacts to water quality during
sample collection times.

5.0 GOALS AND OBJECTIVES

The overall goal of the DLTWTF is to provide safe drinking water by removing the vast
majority of total organic carbon (TOC) and color in order to reduce disinfection by-product
formation (DBPs), improve the aesthetic quality of the water by eliminating color, and
reduce taste and odor causing compounds. Based on discussions from the Master Plan,
the City's finished water goals used to benchmark the performance of the plant are shown
in Table 10. These goals are consistently achieved with current operations but at a
significant cost stemming from high chemical use, resulting in accelerated wear/corrosion
on the exposed surfaces (concrete and equipment), and high volumes of solids/residuals
that require processing and disposal.

Table 10 Finished Water Quality Goals
David L. Tippin Water Treatment Facility Master Plan
City of Tampa
Parameter Units Value (Min - Max)
pH units 7.80 - 8.00
Turbidity NTU 0.01-0.08
TOC mg/L 1.00 - 3.00
Free Ammonia ® ppm 0.10-0.18
Fluoride ® mg/L 0.65-0.75
Notes:
(1) After chlorination, before distribution.

In addition to the water quality goals, the following goals were set:

. MIEX® as a pretreatment step to:
- Reduce coagulant demand (~50 ppm annual avg) at a neutral pH

- Reduce/eliminate pH adjustment
- Reduce sludge production

. Waste brine recovery and maintain zero discharge status

. Coagulation:
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- Rapid Mix & Flocculation mixing at ‘textbook’ g-values

- Three stage tapered flocculation with ported wall

- Plates settlers

) Ozone:

- Demand and dose effects from MIEX®/Coagulation

. Filters:

- Increase loading rates

- Optimize backwashing

- Varying media type and depth

Therefore, the overall objective of this study was to evaluate fluidized bed magnetic ion
exchange (MIEX®) and resulting performance and operational impacts to the plant's
existing coagulation, flocculation, sedimentation, ozone, and filtration systems. Table 11
details each pilot unit process noting each unit objective and target full scale benefits.

Table 11

Unit Process Objectives and Targeted Benefits
David L. Tippin Water Treatment Facility Master Plan

City of Tampa

Unit Process

Pilot Objective

Targeted Full Scale Process Benefit
(Goal)

Sedimentation

during high and low
TOC seasons with
MIEX® as
pretreatment

MIEX® Test ability to Influence downstream processes to define
remove organics changes in chemical use, process
and color, and operating pH, and solids production without
impacts to compromising overall TOC removal and
downstream finished TOC and color.
processes Maintain zero discharge through use of
VSEP system with concentrate brine sold
or given to third party
Coagulation, Optimize chemical Benchmark TOC removal seasonally
Flocculation, dosing scheme

Define reduction in overall chemical usage.
Determine additional chemical storage
needed for future flows of 140 mgd.
Benchmark anticipated solids production
and impact to on and off site solids
processing facilities

Ozone Optimize ozone Define ozone dose, understand impacts to
dose and determine | specific water quality parameters including
demand, evaluate bromate and impacts from pH changes,
impact on and determine impacts to downstream
biofiltration and processes.

TOC removal
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Table 11 Unit Process Objectives and Targeted Benefits
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

Unit Process Pilot Objective Targeted Full Scale Process Benefit
(Goal)
Biofiltration Test loading rates of | Optimize filter loading rates and media
2.2,2.3,3.5,and depth
4.0 gpm/sq ft® Confirm design parameters for the new
Test multiple media | filters and to determine if the number of
depths new filters required for expansion could be
reduced
Notes:

(1) These loading rates assume implementation of the hydraulic and process improvements
recommended for the filters as apart of Chapter 3 and 4. Without these improvements that
provide an increase in available head, higher filter loading rates may not be possible.

Ultimately the goal of this study was to determine if, with MIEX® as a pretreatment step,
OPEX within the conventional and Actiflo™ treatment systems could be reduced without
compromising overall TOC removal even with highly seasonal variations in water quality.

6.0 EXISTING FULL SCALE OPERATIONS AND TREATMENT

The Process Evaluation, Chapter 3, of the Master Plan includes more detail on the existing
treatment processes and full scale operations currently utilized at the DLTWTF. Some
details are reiterated here for ease of reference and to provide more recent operations data,
specifically operations and treatment over the course of the pilot plant study.

6.1 Process Flow

Figure 5 depicts the process flow diagram for the DLTWTF. Water withdrawn from the
Hillsborough River is screened through a grass bar rack with mechanical screens
downstream of this rack for removal of finer debris. The raw water is then pumped to the
four conventional treatment trains: Trains 5, 6, 7, and 8. Each train includes coagulation,
flocculation, and sedimentation. Together, these trains receive approximately 70 to

80 percent of the total plant flow. The remaining flow is treated through the Actiflo™ Trains
1 and 2. Both systems (conventional and Actiflo™) use ferric sulfate as a coagulant. Before
the Actiflo™ and conventional treatment trains, the raw water pH is adjusted using

93 percent sulfuric acid in order to lower the pH to about 3.8 - 4.5 prior to coagulant
addition. Then coagulant addition depresses the pH even further to maximize the efficiency
of the enhanced coagulation process, specifically for TOC adsorption.
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After sedimentation, pH adjustment is required before ozonation. Lime is added to the
conventional treatment trains at the combined Trains 5 and 6 and Trains 7 and 8 effluent
flumes. Additional pH adjustment occurs at the low lift intermediate pump station before
ozonation using caustic soda when the target pH (6.3 to 7.0) cannot be achieved using lime
alone (due to high turbidity). The flow is then directed to the ozonation process for primary
disinfection. After primary disinfection, the flow is treated with caustic soda to achieve a pH
of between 6.5 and 7.3 and then conveyed to the biological activated filtration (BAF)
process, which consists of 30 gravity filters. The filters' design maximum hydraulic loading
rate is 3.5 gpm/ft?, and all filters have 12-inches of sand and 22-inches of granular activated
carbon (GAC). The water is then chloraminated and the finished water is stored in the clear
wells before high service pumping into the distribution system.

6.2 Process Performance
6.2.1 Overall

Chapter 3 of the Master Plan provides great detail on the process performance of the
existing full scale system. For ease of reference and because of relevance to the pilot
study, some information has been reiterated in subsequent sections of this report.

Historical raw water flow is shown in Figure 6. It can be seen that the total raw flow from
January 2016 through March 2017 was relatively consistent; however, from March 2017 to
Mid-June 2017 there was a significant decline in flow, which was followed by an overall
increase in flow when compared to 2016 values. The City noted that water was purchased
at this time to meet distribution system demands.

6.2.2 Coaqulation, Flocculation, Sedimentation & Actiflo

Due to the goals and objectives of this study, the major focus of this section will be on the
full scale systems performance in regard to TOC removal. Comparison with pilot scale
performance will be discussed in Section 9.0. Additional information on the overall process
performance of these systems can be found in Chapter 3 of the Master Plan report.

The conventional and Actiflo™ treatment trains receive the same raw water source. Based
on the flow to each system, average chemical doses and effluent TOC values can be
calculated.

Figure 7 illustrates average raw, coagulation and Actiflo™ (settled water) effluent, and
finished water TOC values, as well as applied coagulant dose. The time period shown
includes March 2017 to March 2018 in order to show an entire year of seasonal data.

The full scale plant average coagulant dose ranged from 50 to 266 mg/L during the duration
of the study, depending on influent TOC concentrations. As shown, a significant amount of
TOC is removed through the existing treatment processes and regardless of season, the
full scale plant consistently meets the finished water TOC goal (with minor exceedances
during higher TOC periods). However, staff have noted that enhanced coagulation
treatment becomes difficult during low TOC season.
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Even when TOC is low (below 15 mg/L), a large amount of coagulant is still required and
the enhanced coagulation process is less efficient. Based on this data, the average TOC
removal during high TOC season ranged from 78 percent to 87 percent, with an average of
83.2 percent, while during low TOC seasons, removal ranged from 67 percent to 82 percent
with an average removal of 75.5 percent. It is suspected this is due to changes in the type
of organics between high and low TOC seasons. This is discussed further in Section 9.0.

In addition to ferric sulfate, a significant amount of sulfuric acid, lime, and caustic are
required. Figure 8 shows these doses from March 2017 to March 2018 on the full scale
system. As shown, during high TOC season, no acid addition is required. This is because
the ferric sulfate dose is capable of lowering the pH adequately without the need for acid.
During low TOC season, acid addition is required and subsequently results in the need for
additional caustic and/or lime to raise the pH to the desired range alone before ozonation.
Lime use over caustic use is preferential in terms of chemicals costs but due to the high
alkalinity and hardness of this water, lime alone cannot be used for pH adjustment during
this season. This is because the required dose of lime needed would result in increased
turbidity and calcium carbonate precipitation.

6.2.3 Ozone

After pH adjustment of the settled water (target pH ~6.3 to 7.0), ozone effectively alters the
characteristics of organic compounds and renders them more biodegradable and reduces
taste and odor compounds. This can help maximize the efficiency of TOC removal in the
biofilters. Ozone also dramatically reduces color by oxidizing the color-causing compounds
in the incoming flow stream.

Ozone dose and residual data from March 2017 to March 2018 is shown in Figure 9. During
this time, ozone dose ranged from 1.2 to 6.8 mg/L and seems to vary with influent TOC
from July 2017 to March 2018. Interestingly, from March 2017 to July 2017 ozone dose was
increasing despite TOC concentrations being relatively low. This is likely due to the impact
by the significant decrease in raw water flow during this time period. Overdosing was likely
occurring and can be assumed since ozone residual levels were also elevated at this time.
Ozone residuals ranged significantly from 0.09 to 0.86 mg/L, with a few outlying data points.

6.2.4 Biofiltration

In depth analysis on the existing full scale biofilters is included in Chapter 3 and only
parameters relevant to the pilot study will be discussed here and furthermore in Section 9.0.

The City provided average full-scale filter data for the duration of the pilot study

(October 2017 to Mid-March 2018) that included average daily total plant effluent, total
washwater, and average runtimes. The average filter runtimes and loading rates are shown
in Figure 10.
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The average loading rate was 2.37 gpm/ft?, which equates to 81.6 mgd of filtered effluent
produced by the DLTWTF during the study. Filter runtimes increased temporarily in
February.

Considering the full-scale total filter surface area of 23,936 square feet, also provided by
the City, unit filter run volumes (UFRVs) were calculated. As shown in Figure 11, the
average UFRVs are consistently between 3,500 and 4,500 gallons/ft? with the exception of
an event in early February allowing for greater UFRVs. The increase in runtime and UFRVs
during this timeframe could be due to a number of reasons; however, there was not enough
full-scale data provided to verify the causes.

Additionally, full-scale unit filter solids loading rates (UFSLs) were determined. The unit filter
solids loading rate (UFSL) is defined as the amount of solids applied to a filter over a
specific hydraulic loading rate and time, and is in units of grams of solids per square foot of
filter area. This analysis is typically determined using total suspended solids (TSS) data;
however, this was not monitored during the pilot study. Therefore, an estimate of the
suspended solids based on settled water turbidity was used. Typical conversion ratios of
TSS to settled water turbidity ranges from 0.7 — 2.2 mg/L per NTU. A ratio of 1.0 was used
for the purposes of this study. Settled water turbidity data was logged daily at full scale, and
therefore the total UFSL was calculated as follows:

mg.

grams
ft?
Total Filter Runtime (min) *

UFSL ( ) = Settled Water Turbidity (NTU) *

3.78 L N 1g
gal 1000 mg

* Filter Loading rate (M) *

L
1NTU sqft

The results of this calculation are shown in Figure 12. As expected, the USLFs increase
with increase in settled water turbidity and were pretty consistent between 20 and 80 grams
per square foot of filter area. This parameter is later compared to pilot-scale operations in
Section 9.3.

7.0 RAW WATER QUALITY

Most of the raw water quality results detailed in this section were from the time period of the
pilot study. Some historical information is included for relevance. All summarized historical
water quality data is included in the Introduction Section of the Master Plan.

Typically, the raw water is provided by the Hillsborough River during average and high
rainfall seasons, whereas the ASR well supplements flow during the dry season. During the
pilot study, one of the three ASR supplies were in use and contributing flow to the DLTWTF,
as shown in Table 12.
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Table 12

Aquifer Storage Recovery Use During Study
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

average flow of 0.95 mgd.

ASR Start End
TAP 1® 7/19/2017 3/6/2018
Rome Ave® No Recovery During Pilot Study
ASR B No Recovery During Pilot Study
Notes:

(1) Recovery Point is located at the Hillsborough River, upstream of the DLTWTF. Provided an

(2) Recovery point is located at Junction Box 3, which is ultimately conveyed to the plant intake
structure. Typically provided an average flow of 10 mgd.

Pilot scale raw water quality from October 4, 2017 - March 31, 2018 is summarized in
Table 13. These results were from grab samples, not from the online monitoring systems.

Table 13 Raw Water Quality Results
David L. Tippin Water Treatment Facility Master Plan
City of Tampa
Parameter Units Value (Min/Max/Avg) No. of
Samples
Turbidity NTU 0.50/2.20/1.23 90
pH (Field) std. units 6.87/8.19/7.42 90
Temperature °C 10.9/27.9/20.8 90
Alkalinity mg/L as CaCO3 64.0/153/122 90
TOC mg/L 6.40/24.1/12.6 90
Filtered UV254 cm-1 0.23/1.13/0.54 90
Color pcu 40.0/250/103 90
Conductivity puS/cm 2141464/ 343 19
Free Ammonia mg/L as N 0.05/0.17/0.07 20
MIB® ng/L 3.2 1
Geosmin® ng/L 1.0 1
Orthophosphate mg/L /0.28/0.12 52
Sulfate mg/L 4.80/105/20.1 52
Chloride mg/L 11.9/25/20.6 53
Bromide ug/L 50.1/81.1/66.3 20
Arsenic pg/L 8.0e-04/1.9e-03/1.1e-03 19
Nitrite mg/L as N BDL 53
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Table 13 Raw Water Quality Results

David L. Tippin Water Treatment Facility Master Plan

City of Tampa
Parameter Units Value (Min/Max/Avg) No. of

Samples

Nitrate mg/L as N 0.025/0.394/0.131 53
Hardness mg/L as CaCO3 84.0/210/ 156 53
Iron mg/L 0.082/0.481/0.226 52
Magnesium mg/L 2.46/5.91/4.04 19
Manganese mg/L BDL /0.025/0.012 51
Fluoride mg/L 0.17/0.56/0.25 53
Notes:
(1) One sample taken on 3/28/2018

Numerous water quality parameters are important to consider for both primary and
secondary drinking water standards yet a few parameters deserve additional consideration.
The following subsections include further detail on these parameters. Other water quality
parameters are discussed in depth in subsequent sections based on their relevance to each
process. Additionally, plots of raw, MIEX® treated, settled water, as well as ozone effluent,
and filtered effluent monitored water quality parameters are available in Appendix D.

7.1.1 Dissolved and Total Organic Carbon

Due to the DLTWTF's source of raw water, dissolved and total organic carbon varies
seasonally, which is typically dependent on rainy and dry seasons. TOC is a measure of
both dissolved and particulate organic carbon, while DOC is only a measure of dissolved
organic carbon. For the DLTWTF, dissolved and total organic carbon measurements have a
high correlation. Therefore DOC was not monitored as frequently and TOC was used to
determine process performance and organics removal.

Figure 13 shows historical raw TOC data from the full scale system. Based on this trend
and for purposes of this study, high TOC (above 15 mg/L) season is assumed to occur
every year from June 15th to December 1st, and low TOC (below 15 mg/L) season from
December 1st to June 15th. Figure 13 also shows the raw water TOC for the full scale and
pilot scale systems for the duration of the pilot study to illustrate the similar influent water
guality, which allows for TOC removal comparisons discussed later in Section 9.0.
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7.1.2 UV 254

Similarly to TOC, UV254 provides an indication of the amount of aromatic organic matter
present, which also varies seasonally. As shown in Figure 14, there is a correlation
between raw TOC and filtered UV254, and therefore the City utilized an online UV254
analyzer for continuous monitoring and process control of the floc/sed pilot unit. The online
analyzer samples were not filtered, and settled water turbidities were consistently greater
than 1 NTU; therefore, the data was only used to determine relative process performance
on a day to day basis.

Also shown in Figure 14 are the settled water filtered UV254 results versus the settled
water TOC with and without MIEX® pretreatment. As expected, since MIEX® and
enhanced coagulation remove different types of organics, the correlations for each
condition are slightly different with MIEX® pretreatment showing a most positive correlation.

7.1.3 Turbidity

The DLTWTF's raw water turbidity is considered low but does vary seasonally. Lack of
turbidity can make the coagulation process less efficient when not utilizing enhanced
coagulation since the particles necessary for floc agglomeration are minimal.

7.1.4 pH and Alkalinity

Raw water pH and alkalinity are shown in Figure 15. Since the City's primary treatment
process employs enhanced coagulation, influent raw water pH and alkalinity can have
major impact on operations. When alkalinity is low, pH can be more difficult to control since
the buffering capacity of the water is inhibited. Conversely, when alkalinity is high,
additional pH adjustment chemicals (namely sulfuric acid and caustic) are needed to lower
and raise the pH to the required level.

7.1.5 Hardness

Hardness, defined as the amount of dissolved divalent cations (magnesium and calcium) in
water, seasonally varies, as shown in Figure 16. Staff have noted higher raw water
hardness when ASR wells are in recovery. Typically, lime and caustic are needed to
adequately bring the pH up before ozonation.

7.1.6 Color

Raw water color over the course of the pilot study is shown in Figure 17. Color is an
indication of the organic content of water and includes humic and fulvic acids, natural
metallic ions (i.e. iron and manganese), and turbidity. Apparent color is measured on
unfiltered samples and true color is measured in filtered (0.45 micron filter) samples. Based
on Standard Method 2120B, the City did not filter the samples and therefore all references
to color results will be with respect to apparent color.
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Color has a secondary drinking water standard of 15 color units for aesthetic reasons. Color
and TOC fluctuate together seasonally, and similarly color can reach high values (when
compared to other surface water plants in Florida) which must be reduced through the
DLTWTF's treatment process before distribution.

8.0 PROCESS PERFORMANCE

8.1 MIEX®

8.1.1 Process Operation

The MIEX® system was operated as a pretreatment step to the coagulation process and
was operated during times of high and low TOC, as follows:

. October 7 - November 24", 2017
- 600 BV
- Chlorine (started November 1%, Ferric Sulfate
- High TOC Season

. January 8" — January 21%, 2018
- 600 BV
- Chlorine, Ferric Sulfate
- Low TOC Season

o January 22" - March 8™, 2018
- 1000 BV
- Chlorine, Ferric Sulfate
- Low TOC Season

Salt usage was also monitored and originally estimated to be 1.5 bags/salt per week of
MIEX® operation, however, actual salt usage averaged 2.5 bags/salt per week.

Pre-chlorination was required due to biological growth witnessed on the MIEX® resin.
During high TOC season the average dose required was 3.9 mg/L of sodium hypochlorite,
and low TOC season required 2.6 mg/L, for an overall average of 2.9 mg/L.

8.1.2 Effluent Water Quality

Effluent water quality data is shown in Table 14 which includes the minimum, maximum,
and average values witnessed throughout the duration of the pilot study when the unit was
in operation. Additional details on specific water quality parameters of interest will be
discussed further in the Performance subsection.
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Table 14

MIEX® Effluent Water Quality Results
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

Parameter Units Value No. of
(Min/Max/AvqQ) Samples
Turbidity NTU 1.00/3.00/1.84 62
pH (Field) std. units 6.82/7.99/7.33 62
Temperature °C 11.3/27.8/21.0 62
Alkalinity mg/L as CaCO3 64.0/148/108 62
TOC mg/L 2.20/9.60/5.02 61
Filtered UV254 cm-1 0.03/0.46/0.18 61
Color pcu 10/150/52.1 61
Conductivity uS/cm 233 /457 / 358 14
Free Ammonia mg/L as N 0.02/0.14/0.06 14
Orthophosphate mg/L 0.01/0.21/0.07 37
Sulfate mg/L 1.00/17.7/6.72 21
Chloride mg/L 31.7/50.5/41.0 36
Bromide pg/L 52.3/87.9/68.0 15
Nitrite mg/L as N BDL 37
Nitrate mg/L as N 0.025/0.343/0.122 37
Hardness mg/L as CaCO3 92.0/200/148 38
Iron mg/L 0.09/0.47/0.22 37
Manganese mg/L 0.005/0.025/0.012 36
Fluoride mg/L 0.17/0.28/0.21 37

8.1.3 Performance

The primary water quality parameter of interest when discussing MIEX® process

performance is organics removal. Therefore, this section will focus on the MIEX® system's
ability to remove or reduce TOC, UV254, and color. Additional water quality parameters of

interest that will be discussed further are chloride and sulfate. Overall process performance
for the pilot and comparative full scale performance will be discussed in Section 9.0.

8.1.3.1 TOC

The MIEX® system operated during the High TOC period from October 10th to

November 27th, 2017. During this time frame, the pilot plant ran at a bed volume treatment

rate (BVTR) of 600 BV.
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Figure 18 shows the raw and MIEX® treated TOC values and percent removal throughout
the study when MIEX® was in operation. The raw water TOC ranged from 13.8 to

23.8 mg/L during the high TOC period declining steadily and, despite a declining raw water
TOC, the MIEX® unit achieved steady TOC removal with an average removal of 58.1%
during this time.

During the Low TOC period, MIEX® was operated from January 8th — March 9th, 2018.
Initially, the unit was operated at 600 BV; however, Multiple Load Jar testing was conducted
by IXOM on January 11", and the results showed that there was limited added treatment
benefit, in terms of organics removal, operating at 600 BV compared to 1000 BV.
Therefore, on January 22nd, the pilot plant BVTR was changed to 1000 BV. During this
time frame, the raw TOC ranged from 6.4 to 13.8 mg/L. Despite the change in BVTR, the
removal during this time frame was higher (average 65.7% removal) and more consistent
across the lower range of raw water TOC concentrations. Although limited in data, the
results also show that when the raw water TOC is below 7 mg/L, the MIEX® effluent TOC
fell below 3 mg/L, meeting the current finished water goal alone before coagulation and
filtration.

These results show that the MIEX® process is capable of producing low TOC effluent
under dynamic conditions of widely varying and quickly changing influent water quality. The
improvement in performance during low TOC season could be due to the difference in the
type of organics during high and low TOC seasons. The MIEX® treatment process is
known to remove smaller (low molecular weight humic substances and acid), non-aromatic
type organics, while the enhanced coagulation process removes larger, aromatic type
organics. During low TOC seasons, it's likely the former type of organics are present, and
during high TOC seasons, the latter.

8.1.3.2 Color

Typically, the primary constituent of color is naturally occurring organic matter, which can
be removed through the MIEX® treatment process; however, it sometimes can include
inorganics like iron and manganese that MIEX® cannot remove.

Figure 19 shows the raw and MIEX® treated water color values (primary axis) and overall
percent removal (secondary axis) during times when MIEX® was in operation. As shown,
the MIEX® system performed better during low TOC season in regard to percent removal.
This suggests that the color causing compounds in low TOC season are more organic in
nature, versus high TOC season where they’re more inorganic.

8.1.3.3 Filtered UV254

Similarly to color, UV254 can be reduced by the MIEX® treatment process. Figure 20
shows the raw and MIEX® treated effluent filtered UV254 values and corresponding
percent removal. Once again, the MIEX® system performed better in regard to percent
removal during the low TOC season.
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8.1.3.4 Chloride and Sulfate

Since the MIEX® system is an anionic exchange process that exchanges the chloride ion
for negatively charged organic compounds, it would be expected that the chloride
concentration would increase after MIEX® treatment and ultimately finished water (since it
is not removed by ozone or filtration). Additionally, due to the reduced chemical demand
downstream of MIEX® (discussed in depth in Section 9.0), the use of ferric sulfate and
sulfuric acid is greatly reduced allowing for reduction in sulfate concentration in the finished
water. This behavior is illustrated in Figure 21 for the filtered effluent for Filter 1,
representing the trend witnessed in all filters.

Also shown on Figure 21 are values for the chloride-to-sulfate mass ratios (CSMR) during
times when MIEX® was on and off. It has been found that CSMR values greater than 0.58
can result in lead leaching in distribution systems with lead pipe. As shown, the CSMR is
altered and increased significantly with MIEX® pretreatment and therefore could cause
serious contamination issues if the City’s distribution system has lead pipe. However, City
staff has noted that there is currently no lead pipe within the system; therefore, this may not
be a major concern if MIEX® pretreatment is implemented full scale.

8.14 VSEP Brine Treatment

Waste brine treatment batch tests using the VSEP system were conducted by IXOM on
January 31st, 2018 and April 9th, 2018. During the January 31st test run, 205 gallons of
waste brine was treated and the unit was run to 50% recovery with samples collected
throughout. The vibration amplitude was held at %" and the feed pressure was maintained
at 400 psig resulting in a flux rate of 20.6 gallons per square foot per day.

Table 15 below shows the results at 50% recovery for the January 31 run. The membrane
unit accomplished a 98% rejection of the DOC throughout the run, indicating the ability of
the unit to reject the TOC and produce a clean saline permeate stream. The unit passed
just approximately 50% of the monovalent salt through the membrane, which was
anticipated with the NF membrane. The VSEP Data and run log are included in the
Appendix G for reference.

Table 15 VSEP Results
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

Parameter Feed Permeate Concentrate
Total DOC (g/L) 2.58 0.124 5.85
Total Salt (NaCl) (g/L) 45.3 46.9 57.3
Total Dissolved Solids (g/L) 67.9 46.7 96.7
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The resulting sodium chloride concentration in the permeate after waste brine treatment
was 46.9 g/L. At this concentration, recycling the permeate to the saturator in lieu of make-
up water could result in a 30% salt savings. It should be noted that IXOM reported that due
to concentrations of the samples, a dilution of 350 was used for sample analysis and likely
impacted analytical accuracy. Additionally, due to the limited data, there is not statistical
confirmation that these results would be witnessed full scale.

8.1.4.1 BORAC Waste Disposal

Samples of the collected VSEP concentrate reject were shipped to BORAC for offsite
analysis and testing. While waste brine concentrate samples were collected for Borac
testing, the limited amount of sample did not allow for process confirmation. IXOM reported
that the initial study did show that Borac’s treatment process could effectively process the
waste brine provided; however, further samples are required to develop confirmatory
process parameters and cost benefit analysis.

8.2 Coagulation, Flocculation, Sedimentation

8.2.1 Process Operation

Coagulation using ferric sulfate was the primary mode of treatment within the floc/sed
system, regardless of MIEX® operation. Chemical dosing scheme was adjusted to properly
achieve conditions for treatment and operations throughout the study were as follows:

o October 4th - 6th, 2017
- MIEX® Off
- Ferric Sulfate, Sulfuric Acid, Caustic
- High TOC Season

. October 7th - November 24th, 2017
- MIEX® On
- Chlorine, Ferric Sulfate
- High TOC Season

. November 27th, 2017 - January 5th, 2018
- MIEX® Off
- Ferric Sulfate, Sulfuric Acid, Caustic
- Mid to Low TOC Season

. January 8th - March 8th, 2018
- MIEX® On
- Chlorine, Ferric Sulfate
- Low TOC Season
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o March 9th - March 31st, 2018
- MIEX® Off
- Ferric Sulfate, Sulfuric Acid, Caustic
- Low TOC Season

The chemical dosing scheme varied according to raw water quality and if MIEX®
pretreatment was in use. As stated previously, the City utilized an online UV analyzer on
the pilot settled water to help quantify and monitor process performance. The City would
increase or decrease chemical dosage based on these readings daily to match the full-
scale system. Figure 22 shows the chemical dosing throughout the study from the online
chemical feed logger on the floc/sed unit. As shown, sulfuric acid was not required when
the MIEX® system was online and there was a corresponding reduced demand for caustic.
Additionally floc aid polymer was not utilized during MIEX® operation. PolyDADMAC, a
high molecular weight polymer was utilized February 2"-9"" to witness benefits in
conjunction with MIEX® pretreatment; however, there were mechanical and subsequent
dosing issues that did not allow for consistent feed during this whole timeframe.
Furthermore, process performance improvement was not witnessed with the addition of this
chemical. Chemical use is discussed further in Section 9.0.

Coagulation pH was also adjusted based on if MIEX® pretreatment was in use. Figure 23
shows the online pH data for the floc/sed unit. As shown, coagulation pH is much lower
when MIEX® was offline, as would be expected since sulfuric acid was used. Also, when
MIEX® was offline, there was an increase in the variability of the settled water pH. This is
due to the addition of acid and subsequent addition of caustic for pH control and associated
difficulties in dosing ‘just right’ to hit a more neutral pH.

8.2.2 Effluent Water Quality

Effluent water quality varied depending on whether MIEX® was in operation or not. The
data summarized in this section includes minimum, maximum, and average values
witnessed throughout the duration of the pilot study with MIEX® on and off. Additional
details on specific water quality parameters of interest will be discussed further in the
Performance subsection.
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8.2.2.1 MIEX® On

The effluent water quality from the floc/sed skid when the MIEX® system was running is
summarized in Table 16.

Table 16 Settled Water Effluent with MIEX® Pretreatment Water Quality
Results
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

Parameter Units Value (Min/Max/Avg) Sglr%.p(l)(fas
Turbidity NTU 0.80/3.60/1.84 60
pH (Field) std. units 6.25/7.59/6.98 61
Temperature °C 12.2/27.9/20.8 60
Alkalinity mg/L as CaCO3 28.0/133/90.7 61
TOC mg/L 1.80/5.60/3.37 61
DOC mg/L 1.70/4.00/2.94 61
Filtered UV254 cm-1 0.02/0.10/0.06 61
Color pcu 20.0/125/46.6 61
Conductivity uS/cm 304 /463/374 13
Free Ammonia mg/L as N 0.05/0.28/0.10 14
Orthophosphate mg/L BDL 36
Sulfate mg/L 12.5/38.9/25.7 36
Chloride mg/L 29.5/54.3/42.1 36
Bromide Mo/l 54.9/87.8/66.9 14
Arsenic pg/L 4.6e-04 / 1.4e-03/ 7.2e-04 13
Nitrite mg/L as N BDL 34
Nitrate mg/L as N 0.025/0.768/0.137 36
Hardness mg/L as CaCO3 98.0/202/ 146 36
Iron mg/L 1.14/3.18/1.97 35
Manganese mg/L 0.005/0.025/0.011 35
Fluoride mg/L 0.14/0.30/0.22 35

8.2.2.2 MIEX® Off

The effluent water quality from the floc/sed skid when the MIEX® system was not running is
summarized in Table 17.
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Table 17 Settled Water Effluent without MIEX® Pretreatment Water Quality
Results
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

Parameter Units Value (Min/Max/Avg) Sglr%'p?(zs
Turbidity NTU 1.00/9.80/4.65 29
pH (Field) std. units 3.82/7.71/5.02 29
Temperature °C 15.7127.2/20.7 29
Alkalinity mg/L as CaCO3 1.00/30.0/3.85 29
TOC mg/L 2.50/4.80/3.60 28
DOC mg/L 1.90/4.20/2.75 29
Filtered UV254 cm-1 0.03/0.09/0.05 29
Color pcu 7.00/100/43.9 29
Conductivity uS/cm 269/519/ 428 6
Free Ammonia(1) mg/L as N 0.08

MIB(2) ng/L 3.50

Geosmin(2) ng/L 40.0

Orthophosphate mg/L BDL 17
Sulfate mg/L 14.8/191/145 17
Chloride mg/L 11.6/23.9/21.2 17
Bromide Mo/l 52.5/82.5/66.8 6
Arsenic pa/L 4.0e-04 / 8.5e-04 / 5.2e-04 6
Nitrite mg/L as N BDL 17
Nitrate mg/L as N 0.025/0.256/0.114 17
Hardness mg/L as CaCO3 86.0/206/174 17
Iron mg/L 0.87/4.12/2.30 17
Manganese mg/L 0.010/0.020/0.014 16
Magnesium(3) mg/L 2.52 1
Fluoride mg/L 0.15/0.28/0.23 17
Notes:

(1) One sample taken on 10/6/2017.
(2) One sample taken on 3/28/2018.
(3) One sample taken on 10/4/2017.

8.2.3 Performance

This section focuses on the performance of the floc/sed skid in regard to the following water
guality parameters of interest:

. Alkalinity
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. Color

. Sulfate
. Turbidity
. TOC

The remaining results of the settled water quality parameters shown in Section 8.2.2 either
1) did not vary based on MIEX® operation (whether on or off, i.e. similar effluent results
witnessed), 2) are not expected to be removed through coagulation, or 3) were not sampled
enough for legitimate comparability, and are not discussed in detail here but included in the
Appendix for reference: For example, UV254 was used for process control and therefore
did not vary significantly regardless of treatment (because a value was targeted and
treatment was adjusted to consistently hit that target). These parameters may be discussed
in other Sections where applicable and significant.

Performance of this unit compared to full scale performance will be discussed in
Section 9.0.

8.2.3.1 Alkalinity

Figure 24 shows the alkalinity measured in the raw water, MIEX® effluent, settled water
(post coagulation), and filtered effluent (Filter 1) for the duration of the study. It can be seen
that when enhanced coagulation was employed (no MIEX® pretreatment), alkalinity in the
settled water was less than 15 mg/L due the depressed pH. The alkalinity is ultimately
recovered upon addition of caustic and corresponding pH adjustment; however, the total
carbonate makes pH adjustment more difficult to control. This can lead to an increase in
ozone demand, thereby impacting downstream treatment. Additionally, alkalinity during this
type of treatment isn’'t as adequately restored to raw water levels when compared to
implementation of MIEX® pretreatment.

8.2.3.2 Sulfate

Chloride and sulfate levels were previously discussed in Section 8.1.3.4; however, of
additional note; Sulfate has a secondary drinking water standard MCL of 250 mg/L and lead
to corrosion and black water issues in elevated levels. During periods when MIEX® was off
and enhanced coagulation only was employed, significantly elevated sulfate levels are
experienced. This is due to the increase in ferric sulfate and sulfuric acid addition required
for treatment. Although below MCL levels for the study, sulfate is not removed through
ozonation or filtration and therefore should be considered when comparing pretreatment
versus no pretreatment, especially during high TOC season when chemical doses are
higher.
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8.2.3.3 Turbidity

Similarly to the trends witnessed for sulfate, Figure 25 shows how there is an increase in
settled water turbidity when MIEX® is not implemented; this is also withessed in the online
turbidity monitoring data shown in Figure 26. This could be due to the high concentration of
ferric sulfate and increase in caustic dose required to stabilize pH resulting in higher
turbidity readings. Additionally, towards the end of the study, when enhanced coagulation
only was employed, the settled water turbidity trends down due to the steady increase in
acid use which acted as a coagulant and removed turbidity.

8.2.3.4 Color

Similarly to TOC, color varies seasonally as shown in Figure 27. From October 2017
through the beginning of January 2018, settled water color was relatively consistent
regardless of MIEX® operation. However, during January — March MIEX® operation, the
color is actually increased through coagulation. This is not expected and could be due to
the interference of settled water turbidity since it was marginally higher during this time
frame. Measurement of true color rather than apparent color would eliminate turbidity
interferences and confirm removal through the MIEX and coagulation processes (which are
both widely known to remove color).

8.2.3.5 TOC

In alignment with the DLTWTF's finished water quality goals, TOC removal is the primary
process driver for operations. Figure 28 shows the influent TOC concentrations to the
floc/sed skid as well as the settled water TOC.

As shown and as expected, the influent TOC to the floc/sed unit was greater during times
when MIEX® pretreatment was not employed (since the influent would be the same as the
raw water supply). There is little difference in settled water TOC concentration when
comparing MIEX® pretreatment vs no pretreatment. However, when observing high TOC
season vs low TOC season it can be seen that the enhanced coagulation process following
MIEX® is more efficient in TOC removal in the former, and significantly less efficient in the
latter. In fact, the average TOC removal through coagulation during MIEX® operation and
high TOC season was 3.8 mg/L (48%), while only 0.5 mg/L (15%) removal in low TOC
season.

While chemical dosing was significantly reduced during low TOC season with MIEX®
pretreatment and cost savings are realized, the additional 0.5 mg/L removal still comes at a
significantly higher cost when considering the dollars spent per pound of TOC removed.
Figure 29 shows these values graphically. Therefore, if chemical dosing could be modified
to focus on producing a settable and filterable floc, as opposed to removing as much TOC
as possible, then additional cost savings could be realized. Conversely, when TOC was
high and with MIEX® pretreatment, the unit cost is less than the unit cost for enhanced
coagulation only operation. Economic considerations are discussed further in Section 10.0.
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8.3 Ozone

8.3.1 Process Operation

The target ozone residual for duration of the pilot study was 0.30 mg/L at 5.0 minute contact
time to match full scale operations. However, ozone demand fluctuated based on the
influent water quality to the ozone skid.

During times when influent flow was 3.0 gpm, the residence time at the target ozone dose
was 5 minutes, at 3.6 gpm it was 4.1 minutes. The sample line for the ozone residual was
relocated depending on flow and intended residence time. As mentioned in Section 4.5, the
feed gas analyzer was inoperable through November 1, 2017 and therefore that data is not
shown. Although ozone demand data was lost due to this, water quality and dosing efforts
were not believed to be impacted since ozone dose was controlled based on the ozone
residual at the specified residence times.

pH can significantly influence ozone demand and dose, in addition to impacting bromate
formation. Lower pH values can increase the stability of ozone residuals and low alkalinity
can decrease stability. Additionally, high pH can cause increased bromate formation and
also increase ozone demand due to accelerated ozone decay. Therefore, there must be a
balance when adjusting pH prior to ozonation. Influent pH to the ozone system was
controlled on the floc/sed skid. As previously shown, the settled water pH (i.e. influent
ozone pH) was ~4.5 on average without MIEX® pretreatment and ~6.5 — 7.5 with MIEX®
pretreatment. Impacts to water quality from these operational differences are discussed in
the process section.

8.3.2 Effluent Water Quality

The data summarized in this section includes minimum, maximum, and average values
witnessed throughout the duration of the pilot study with MIEX® on and off. Additional
details on specific water quality parameters of interest will be discussed further in the
Performance subsection.

8.3.2.1 MIEX® On

The effluent water quality from the ozone skid when the MIEX® system was running is
summarized in Table 18.
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Table 18

Ozone Effluent with MIEX® Pretreatment Water Quality Results
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

pa/L.

Parameter Units Value (Min/Max/Avg) Sglr%.p(l)(fas
pH (Field) std. units 7.2217.6317.47 14
Temperature °C 12.4/27.6/22.4 14
Filtered UV2s4 cm? 0.013/0.046/0.032 14
Odor TON 1.00/2.50/1.79 14
Free Ammonia mg/L as N 0.05/0.20/0.08 14
Orthophosphate mg/L BDL 20
Sulfate mg/L 14.1/38.9/26.3 13
Chloride mg/L 34.0/52.6/42.8 13
Bromate ug/L 1.07/35.4/15.3® 6
Nitrite mg/L as N BDL 20
Nitrate mg/L as N 0.03/0.28/0.12 14
Hardness mg/L as CaCOs; 102 /1547129 6
Fluoride mg/L 0.05/0.24/0.19 14
Notes:

(1) During high TOC season, three samples taken for bromate were 16.3, 35.4, and 33.2 ug/L.
During low TOC season, an additional three sample taken measured at 1.07, 2.20, and 3.50

8.3.2.2 MIEX® Off

The effluent water quality from the ozone skid when the MIEX® system was not running is

summarized in Table 19.

Table 19 Ozone Effluent without MIEX® Pretreatment Water Quality Results

David L. Tippin Water Treatment Facility Master Plan

City of Tampa

No. of
Parameter Units Value (Min/Max/Avg) Samples
pH (Field) std. units 7.18/7.60/7.39 6
Temperature °C 19.4/27.1/21.9 6
Filtered UV2s4 cm? 0.02/0.04/0.03 6
Odor TON 1.00/2.00/1.33 6
Free Ammonia mg/L as N 0.05/0.16/0.08 6
MIBW ng/L 1.40 1
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Table 19 Ozone Effluent without MIEX® Pretreatment Water Quality Results
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

Parameter Units Value (Min/Max/Avg) Sglr%.p(l)(fas
Geosmin® ng/L 6.40 1
Orthophosphate mg/L BDL 6
Sulfate mg/L 84.0/191/150 6
Chloride mg/L 13.0/24.1/20.9 6
Bromate po/L 1.59/16.0/5.35 4
Nitrite mg/L as N BDL 6
Nitrate mg/L as N 0.048/0.178/0.109 6
Hardness mg/L as CaCOs; 86.0/196/161 4
Fluoride mg/L 0.18/0.28/0.22 6
Notes:

(1) One sample taken on 3/28/2018.

8.3.3 Performance

This section focuses on the performance of the ozone skid in regard to the following water
guality parameters of interest:

) Ozone Dose and Demand
- Related to pH, TOC, and Turbidity
. Bromate

Color in the ozone effluent was not monitored throughout the study; however, ozone is an
effective process that oxidizes color and produces biodegradable compounds that can more
easily be removed through Biofiltration.

Influent odor to the ozone system was not monitored. The average ozone effluent of

1.33 Threshold Odor Number (TON, the dilution ratio at which odor is just detectable)
signifies that the compounds causing odor were likely destroyed adequately, being that a
very small dilution yielded odor free water. Additionally, although not monitored in the pilot
scale raw water, average MIB and geosmin values at full scale have historically been 17.6
and 25.6, respectively. Therefore, the simple sample effluent values shown in Table 20 (in
Section 8.4.2) signify the ozone unit was likely destroying these taste and odor causing
compounds adequately even before biofiltration.

Approximately 20 samples were taken to measure ozone effluent UV254, based on settled
water UV254 at these times, the average reduction was 44.3% with MIEX® pretreatment
(based on 14 samples) and 32.3% without MIEX® pretreatment (based on 6 samples).

It appears that UV254 reduction is greater when using MIEX®, although it cannot be said
with statistical certainty.
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The remaining results of the ozone effluent water quality parameters shown in Section 8.3.2
either 1) did not vary based on MIEX® operation (whether on or off, i.e. similar effluent
results witnessed), 2) are not expected to be removed or changed through ozone, or 3)
were not sampled enough for legitimate comparability, and are not discussed in detail here
but included in the appendix for reference. These parameters may be discussed in other
Sections where applicable and significant.

8.3.3.1 Ozone Dose and Demand

Figure 30 shows the ozone skid influent flow, applied ozone dose, and transfer ozone dose.
This data was logged continuously on the ozone skid every five minutes. Dose was
calculated based on influent flow rate, feed gas concentration, and feed gas flowrate (set at
3 scfh for this study). Transferred ozone dose was calculated by subtracting the off gas
ozone reading from the applied ozone dose, utilizing the units conversion equation
previously presented in Section 4.3. The ozone demand can be calculated by subtracting
the ozone residual from the transferred ozone dose. As shown, due to the feed gas
analyzer being offline until November 1%, there is no applied or transferred ozone dose data
for this time. This will be discussed further in Section 9.0.

Figure 31 displays the average daily ozone demand throughout the study (with the
exception of October — November 1% as previously noted), along with average dissolved
ozone residual, and influent and effluent pH values. As expected, demand was higher
during high TOC periods, however, even during periods where TOC was dropping and
when enhanced coagulation only was employed, the ozone demand was still elevated. In
reviewing the pilot plant log, this was likely due to loss of chemical feed (ferric and caustic)
to the floc/sed unit, virtually no alkalinity in influent, and the sludge blanket in settling tank
being higher than usual allowing for carryover. This would have caused an increase TOC
and turbidity thereby impacting ozone demand. Also, it can be seen that when the MIEX®
system BVTR changed from 600 BV to 1000 BV, ozone demand increased significantly.
Although there was no apparent impact to organics removal through MIEX® and the
floc/sed system when the BVTR changes, there is an impact on ozone demand and dose.

Additionally, from mid to late February, the ozone residual was reading zero even though
grab samples confirmed residual ozone (0.13 mg/L). Therefore, the actual ozone demand
during this time frame could have varied from what is shown.

8.3.3.2 Bromate

Bromate is a disinfection by-product that is formed when ozone reacts with bromide and
naturally occurring organic matter with an MCL of 10 pg/L. Factors influencing bromate
include ozone dose, pH, bromide concentrations, temperature, organics, ammonia
concentration, and alkalinity.

An increase in ozone dose, pH, bromide, and/or temperature will increase bromate
formation, an increase in alkalinity, ammonia, or DOC will decrease formation.
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Limited bromate data was collected and the effluent ozone concentrations measured, as
shown in Figure 32. Bromate was significantly above the MCL during the month of October.
There seemed to be no direct correlation with pH, bromide, TOC, ammonia, or alkalinity,
although there is not enough data to statistically confirm this. Influent temperature and
applied ozone dose were minimally correlated, being that when temperature and ozone
dose decreased, bromate formation also decreased. Additionally, it should be noted that the
TAP ASR well was in use which could have impacted bromate formation, although bromide
concentrations were consistent throughout the study as shown. Upon further investigation,
the City provided full scale data which showed bromate levels of only 1.7 to 2.3 ppb during
this time period, confirming the non-correlations stated above.

Although ozone dose could not be measured at this time in the pilot, it is believed the ozone
demand was higher during this time frame and ozone demand could be increased by
MIEX® pretreatment during high TOC seasons. Additionally, Figure 33 shows the pilot
scale and full scale bromide levels. It can be seen that, during the time period of high
bromate, pilot scale filtered bromide levels measured significantly lower than the settled
water values indicating bromide was consumed in the ozone process, leading to bromate
formation. Also, during this time, when referring back to the Figure 31, pH is increased
significantly after ozone (when compared to low TOC season with MIEX® online),
suggesting greater ozone decomposition due to the bromate formation at this time. These
findings indicate, with MIEX® pretreatment implementation, bromate could be an issue full
scale during high TOC seasons and when ASR is in use, but the limited bromate and ozone
dosing data during this time is inadequate to verify this. Additional increase in raw water
bromate concentrations could occur with the implementation of TAP as well.

8.4 Biofiltration

8.4.1 Process Operation

The filters were operated at various conditions considering upstream treatment and need
for testing higher loading rates. Higher loading rates were tested when MIEX® was on and
off to understand the filter's capabilities even with existing treatment processes. As
previously illustrated in Figure 2, the filters were operated as follows:

. All Filters - 2.2 gpm/sq ft, 12 inches Sand, 22 inches GAC
- MIEX® ON

. All Filters - 2.2 gpm/sq ft, Filters 1 & 2 - 12 inches Sand, 22 inches GAC, Filters 3 & 4
- 6 inches Sand, 36 inches GAC

- MIEX® Off
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° All Filters - 3.5 gpm/sq ft, Filters 1 & 2 - 12 inches Sand, 22 inches GAC, Filters 3 & 4
- 6 inches Sand, 36 inches GAC

- MIEX® Off

. All Filters - 4.0 gpm/sq ft, Filters 1 & 2 - 12 inches Sand, 22 inches GAC, Filters 3 & 4
- 6 inches Sand, 36 inches GAC

- MIEX® On & Off

) Filter 1 & 2 - 2.3 gpm/sq ft, Filter 3 & 4 - 3.5 gpm/sq ft, All Filters - 12 inches Sand,
24 inches GAC

- MIEX® On & Off

o Filter 1 & 2 - 2.3 gpm/sq ft, Filter 3 & 4 - 4.0 gpm/sq ft, All Filters - 12 inches Sand,
24 inches GAC

- MIEX® On & Off

The applied loading rates of 2.2, 2.3, 3.5, and 4.0 gpm/ft? simulated full-scale treatment flow
of 80 (current average daily flow), 82 (current permitted with draw average daily flow), 120
(current permitted max day with draw flow), and 140 mgd (future max day flow), in order to
understand if new filters would be needed to meet current and future flows.

Additionally, the varying media depths resulted in different L/d ratios, specifically:

. 12" Sand, 22" GAC
- Total L/d ratio: 1,230

. 6" Sand, 36" GAC
- Total L/d ratio: 1,320

. 12" Sand, 24" GAC
- Total L/d ratio: 1,285

This ratio is a dimensionless value that measures relative storage capacity of the filter. The
greater the ratio, the greater the storage capacity. The Ten States Standards currently state
that filters with L/d ratios greater than 1,000 provide for production of low turbidity water,
which is met at each of the media depths mentioned above.

Other than ozonation, there were no chemicals added after sedimentation and prior to
biofiltration (i.e., no additional pH adjustment or polymer). On occasion, filters were forced
into backwash, specifically when a new testing scheme was employed or when needed
operationally. For the duration of the study, a backwash was set to occur if filter head loss
was greater than 6 feet. As with the full-scale system, this setpoint was almost always the
backwash trigger. However, from November 3™ to December 1%, the backwash triggers
were modified to be triggered on runtime greater than 24 hours. This is discussed further in
the performance subsection 8.4.3.
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8.4.2 Effluent Water Quality

The data summarized in this section includes minimum, maximum, and average values
witnessed throughout the duration of the pilot study with MIEX® on and off. Additional
details on specific water quality parameters of interest will be discussed further in the

Performance subsection.

8.4.2.1 MIEX® On

The average filtered effluent water quality from the biofiltration skid when the MIEX®

system was running is summarized in Table 20.

Table 20 Filtered Effluent with MIEX® Pretreatment Water Quality Results
David L. Tippin Water Treatment Facility Master Plan
City of Tampa
No. of
Parameter Units Value (Min/Max/Avg) Samples
Turbidity NTU 0.10/0.53/0.14 61
pH (Field) std. units 7.15/7.76/7.50 61
Temperature °C 13.0/28.0/21.3 61
Alkalinity mg/L as CaCOs 64.8 /137 /105 61
TOC mg/L 1.48/4.05/2.50 61
Filtered UV254 cm? 0.009/0.089/0.025 61
Color pcu 5/5/5 59
Conductivity uS/cm 366 /474 | 407 13
Free Ammonia mg/L as N 0.05/0.14/0.08 14
Orthophosphate mg/L BDL 36
Sulfate mg/L 12.5/38.5/26.0 36
Chloride mg/L 31.0/56.6/42.5 36
Bromide pa/L 38.9/74.4/56.0 6
Arsenic pa/L 3.9e-04/7.3e-04 / 4.9e-04 12
Nitrite mg/L as N BDL 36
Nitrate mg/L as N 0.025/0.345/0.150 36
Hardness mg/L as CaCOs; 99.0/147/129 6
Odor TON 1.00/1.88/1.40 14
Magnesium mg/L 2.84/5.14/3.93 13
Fluoride mg/L 0.16/0.25/0.20 36
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8.4.2.2 MIEX® Off

The average filtered effluent water quality from the biofiltration skid when the MIEX®
system was not running is summarized in Table 21.

Table 21 Filtered Effluent without MIEX® Pretreatment Water Quality Results

David L. Tippin Water Treatment Facility Master Plan

City of Tampa

No. of

Parameter Units Value (Min/Max/Avg) Samples
Turbidity NTU 0.10/1.20/0.26 29
pH (Field) std. units 6.27/7.67/7.19 29
Temperature °C 14.9/279/21.4 29
Alkalinity mg/L as CaCOs 31.0/131/102 29
TOC mg/L 1.83/3.60/2.70 29
Filtered UV254 cm? 0.013/0.048/0.030 29
Color pcu 5.0/6.3/5.0 27
Conductivity uS/cm 357 /686 / 596
Free Ammonia mg/L as N 0.05/0.07/0.06 6
Orthophosphate mg/L BDL 16
Sulfate mg/L 11.1/190/ 143 17
Chloride mg/L 11.8/23.9/21.3 17
Bromide po/L 41.3/70.6/58.6
Arsenic po/L 4.7e-04 / 6.0e-04 / 4.9e-04 6
Nitrite mg/L as N BDL 17
Nitrate mg/L as N 0.053/0.270/0.149 17
Hardness mg/L as CaCOs; 89.5/201/160 4
Odor TON 1.00/1.75/1.23 6
Geosmin(1) ng/L 2.38 1
MIB(1) ng/L 1.00 1
Magnesium mg/L 2.57/5.98/4.05 6
Fluoride mg/L 0.18/0.29/0.24 17
Notes:
(1) Based on one sample taken on 3/28/2018.
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8.4.4 Performance

This section focuses on the performance of the biofiltration skid in regard to the following
water quality parameters of interest:

o uv254
. Turbidity
o TOC

In addition, ammonia and orthophosphorus, which are nutrients that can impact biofilter
health and performance, were monitored during this study. The data (in shown) indicate
that ammonia was not wholly removed (and sometimes increased) through the biofilters.
However, nitrate concentrations generally increased through biofiltration. This indicates
nitrification was occurring, as would be expected under these operating conditions, but
contradicts the ammonia data. Although ammonia was measurable, the
accuracy/repeatability of the analytical method used for ammonia is questionable at the low
concentrations measured in this study; therefore, conclusions related to the ammonia data
cannot be definitely stated. The influent orthophosphorus was below detection limits, which
may indicate that the filters are nutrient limited. However, phosphorus addition is not
beneficial at this DLTWTF because of the amount of ferric carryover and requirement for pH
adjustment in order to be effective. Increasing pH of the filter feed water can improve the
bioavailability of supplemental phosphorus in the presence of ferric floc, but is not possible
given the current treatment process as it would lead to precipitation of calcium carbonate
onto the filters.

In addition to water quality considerations, filter operations were analyzed as follows:
. Filter head loss & run time

. Clean bed head loss & backwashing

. URFVs

. Empty Bed Contact Time (EBCT)

. Solids Loading Rate

The remaining results of the filtered effluent water quality parameters, shown in Section
8.4.2, either 1) did not vary based on MIEX® operation (whether on or off, i.e., similar
effluent results witnessed), 2) are not expected to be removed or changed through
biofiltration, or 3) were not sampled enough to draw meaningful conclusions, and are not
discussed in detail here but included in the Appendix for reference. These parameters may
be discussed in other Sections where applicable and significant.
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8.4.4.1 Filtered UV 254

As noted previously, there were limited ozone effluent samples taken for UV254; however,
based on the samples provided, the average reduction through the filters was 20.5% and
13.6% with and without MIEX® pretreatment, based on 12 and 5 samples, respectively.
However, significant difference in performance cannot be confirmed statistically. Despite
this, changes in filtered UV254 based on operational changes can be observed. Effluent
UV254 values for all filters throughout the course of study are shown in Figure 34. Also
shown is the mode of filter media and depth operation. In general, the filtered UV254
trended based on the effluent UV254 from the ozone skid. Additional observations of note
are included in Figure 34.

8.4.4.2 Turbidity

Effluent turbidity for all filters throughout the study is shown in Figure 35. Effluent quality
was relatively consistent; however, during times of enhanced coagulation, there was a
significant difference in performance. Influent turbidity was higher during this period, and it
can be seen that Filters 3 and 4 produced lower finished turbidity than Filters 1 and 2.
During these operations, Filters 3 and 4 had increased media depth (6” sand, 36" GAC),
while loading rates were equal, which could have been the reason for better performance
being the L/d ratio is higher.

8.44.3 TOC

The filters performed similarly in regard to finished water TOC concentrations, as shown in
Figure 36. The fluctuations shown in finished water TOC were influenced by settled water
TOC from the floc/sed system. Like other parameters mentioned, Filter 4 outperformed
during early operations, whereas Filters 1 and 2 performed better during towards the end of
the study. Generally, the effluent TOC was below the finished water goal of 3.0 mg/L with a
few exceptions. Overall analysis and notes on finished water TOC and pilot plant
performance will be discussed further in Section 9.0.
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8.4.4.4 Head loss & Filter Run Times

For the duration of the study, a backwash was set to occur if filter head loss was greater
than 6 feet. As with the full-scale system, this setpoint was almost always the backwash
trigger. As noted previously, from November 3" to December 1%, the backwash triggers
were modified to be triggered on runtime greater than 24 hours (as opposed to 96 hours) in
order to record head loss profiles. Therefore, the filters did not reach terminal head loss but
instead backwashed when runtime was met. In full scale and as confirmed in pilot scale
(see Figure 37), there is a fairly linear relationship between UFRV and head loss (see
Chapter 3).

Figure 38 shows the runtimes for each filter when 6 feet of head loss was reached and
before a backwash was triggered. From October to early December, filter runtimes were
highly variable but consistently greater than 20 hours since the filter loading rates were
lower. Starting in early January, runtimes were more consistent among the filters but
decreased significantly during times when settled water turbidity was greater.

As shown, Filter 1 consistently had the lowest runtimes and Filter 3 the greatest, likely due
to differences in media depth during this operation. Filter 4 shows the lowest runtimes
despite being operated at the same conditions as Filter 3 during the last part of the study. It
is believed the filter was not adequately backwashing as it was witnessed that the bed was
not fluidizing during backwash.

In general, as filter loading rates increased, the runtimes decreased. Filters 1 and 2
operated at the same loading rate for Operations 5 and 6 and therefore should perform
consistently as shown.

The filter runtimes at higher loading rates are less than desired and are dictated by the
available head loss in the filters. Increasing the available head loss would increase filter
runtimes as previously mentioned in Chapters 3 and 4 of the Master Plan. Due to the linear
relationship between runtime and head loss, a 1-foot increase in available head would be
expected to result in an increase in filter runtime of approximately 17%.
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8.4.4.5 Unit Filter Run Volumes

Unit filter run volumes were calculated using the filter flow, runtime, and filter area.

Figure 39 shows the original maximum UFRVs for each filter throughout the duration of the
study. These maximum UFRYV values are realized just before a backwash is initiated. In
order to have accurate and useful UFRV data, filter flow must be consistent and the
backwash must be triggered by head loss, turbidity, or runtime (as set by full-scale
operations). As shown, from November 3 to December 1%, 2017 UFRVs are recorded
steadily at ~3,100 gallons. This is because backwashes were not triggered by head loss or
turbidity, but by time (24 hours as mentioned in the previous section). Therefore, in order to
simulate what the actual maximum UFRVs could have been based on head loss, the ratio
of the head loss setpoint and head loss at the time of backwash initiation was multiplied by
the reported UFRYV at the time of backwash initiation. Additionally, there were times when
the filters had no low flow situations followed by temporary peaks in flow, while runtime was
still being recorded and no backwash was initiated. This would report an inaccurate UFRV
so these values were removed from the data set. Finally, UFRV data were removed for any
instances where a backwash was initiated but not triggered by turbidity, head loss or
runtime. The modified results are shown in Figure 40. Since UFRVs are a function of
runtime, a similar trend is witnessed.

It is apparent UFRVs were highly sporadic, even though there were times when loading
rates and/or media depths were the same. Despite the high turbidities witnessed during
December with enhanced coagulation, the UFRVs were generally (but not consistently)
higher. After the new year, UFRV’s were more closely grouped but still not ideal. There is
an interesting trend from 1/11/2018 to 2/4/2018, during this time the MIEX® was operating.
UFRVs averaged around 3,000, then increased to around 5,500, then decreased down to
3,000 gal/ft2.

There was surface sludge present 1/11 to 1/17, not occurring again until 2/5. Despite the
disappearance on 1/17, UFRVs did not consistently improve; conversely, the re-
appearance on 2/5 did not negatively influence UFRVs, and therefore it is not likely the
surface sludge caused this trend. The MIEX® system bed volumes were changed from 600
to 1000 BV on 1/22, after which a decline in UFRVs was observed. Additionally, ozone
demand significantly decreased from 1/15 to 1/25, which could also explain the larger
UFRVs followed by an increase in ozone demand and smaller UFRVs. Finally, although
Filters 3 and 4 were operated in the same manner, they have significantly different UFRVs
from late February to early March.
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8.4.4.6 Unit Filter Solids Loading Rates

At the pilot scale, settled water turbidity data was logged every 5 minutes, and therefore the
total UFSL was calculated as the sum of the UFSLs determined every 5 minutes for an
entire individual filter run. The equation to calculate the UFSL is shown below.

mg
grams

UFSL (T) = Y. Settled Water Turbidity (NTU)

2

- 1SS . , m

L« Filter Loading rate (&) *
1NTU sqft
378L _1g

gal 1000 mg

5 minutes *

Figure 41 shows the UFSLs for each filter for the duration of the study. As shown, the
lowest solids loading rates occurred during high TOC season when MIEX® was in
operation. As shown, the UFSLs increase in mid to late December when influent turbidity
was high and enhanced coagulation was employed. Conversely, the UFSLs decrease when
MIEX® pretreatment is reinstated in early January. When MIEX® system was off again in
mid-March, the UFSLs again increased. Filter 3 witnessed higher UFSLs towards the end of
the study since runtimes for Filter 3 were longer, despite Filters 3 and 4 having the same
media depth and (hydraulic) filter loading rates. In general, the UFSLs were calculated and
plotted to help determine if there was any correlation to the varying filter performance in
regard to UFRVs. This does not seem to be the case since UFSLs were also high variably
(although not correlated).

8.4.4.7 Clean Bed Head Loss & Backwashing

Clean bed head loss for all four filters throughout the study are shown in Figure 42. There is
a significant difference in head loss among the different filter operations. This is likely due to
increased loading rates of 4.0 gpm/ft2. Filters 3 and 4 experienced lower clean bed head
loss than Filters 1 and 2 during due to the difference in media bed depths (6” sand, 36"
GAC and 12" sand, 22" GAC, respectively). Additionally, when Filters 1 and 2 were
operated at 2.3 gpm/ft?, they showed lower head loss than Filters 3 and 4, towards the end
of the study. Interestingly, even though Filters 1 and 2 were operated at this loading rate
and very similar to the 2.2 gpm/ft? operation at the start of the study, there is a significant
difference in clean bed head loss compared to the end of the study.

These observations suggest that the backwash procedure was not capable of adequately
removing solids or cleaning the filters. This could significantly impact and hinder filter
runtimes and UFRVSs.

Based on the backwash sequence, approximately 40.3 gallons of backwash water were
utilized during a cycle. Considering the area of the filter, this relates to a washwater unit run
volume of 205 gallons per square foot, which is typical. Although not taken, turbidity
samples taken at the beginning and end of a filter backwash could have indicated if the
backwash rate and durations were adequate.
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Inadequate backwashing can also be influenced by mismatched media. The sand and GAC
utilized (matching full scale) has a significant difference in fluidization rates. This causes the
backwash procedure to be less efficient since the media beds were not able to fluidize and
provide proper bed expansion. This was witnessed visually, in addition to observing GAC
trapped within the sand after backwashing.

8.4.4.8 Empty Bed Contact Time

Based on the flow, area, and media depths the following empty bed contact times for the
filters were calculated for each operation:

. 2.2 gpm/sq ft with 12" sand, 22" GAC: EBCT = 9.7 minutes
. 2.2 gpm/sq ft with 6” sand, 36" GAC: EBCT = 12.0 minutes
o 3.5 gpm/sq ft with 12" sand, 22" GAC: EBCT = 6.1 minutes
o 3.5 gpm/sq ft with 6” sand, 36” GAC: EBCT = 7.5 minutes

o 4.0 gpm/sq ft with 12” sand, 22” GAC: EBCT= 5.2 minutes
o 2.3 gpm/sq ft with 12" sand, 24" GAC: EBCT= 9.7 minutes
o 3.5 gpm/sq ft with 12" sand, 24” GAC: EBCT= 6.4 minutes
o 4.0 gpm/sq ft with 12” sand, 24” GAC: EBCT= 5.5 minutes

A minimum EBCT of 5 minutes is recommended, which was met during all operations.
These values would be consistent with full scale if the same loading rates are applied.

9.0 PILOT AND FULL SCALE COMPARISON

9.1 TOC Removal

An important consideration and driver for this study was the ability of MIEX® pretreatment,
in conjunction with coagulation, at a minimum, to provide similar overall TOC removal and
finished water TOC concentrations less than 3.0 mg/L.

Figure 43 shows the overall pilot plant TOC effluent per process. Overall, TOC removal was
greater during times of MIEX® pretreatment for both low and high TOC seasons. Of
significance is also the fact that the MIEX® system removed the vast majority of TOC
during low TOC season. Figure 44 shows the percent TOC removal per process and
illustrates how during low TOC seasons, the MIEX® system removed 65.7% of the TOC
with only an additional 14.6% removal through coagulation on average. This percent
reduction related to a less than 1.0 mg/L of TOC removal through the coagulation system.
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This is significantly different than high TOC seasons where coagulation removed an
average of 47.9% (an additional 3-4 mg/L TOC removal). The filters consistently removed
about 1 mg/L of TOC in both high and low seasons. The behavior through coagulation was
not originally expected as it was thought that the MIEX® system would be most beneficial
during high TOC season, although the pilot study results indicate the opposite to be true.
Again, if chemical dosing could be modified to focus on producing a settable and filterable
floc during this season, as opposed to removing as much TOC as possible, then additional
cost savings could be realized.

When comparing to existing full scale treatment, Figures 45, 46, and 47 show percent TOC
removal, finished TOC, and pounds of TOC removed per day, respectively, over the
duration of the study. As shown, finished TOC concentrations were similar in full scale and
pilot scale systems, with the pilot performing slightly better, especially during low TOC
periods when the MIEX® system was in operation. Overall, the pilot was able to achieve
the 3 mg/L goal on average. During periods of high TOC, the pilot was capable of removing
over 85% of the influent TOC, and consistently removed more with MIEX® in operation.
When considering full scale flowrates and TOC removal in mg/L, an approximate pounds of
TOC removed per day could be calculated. These results show a high correlation (R?=0.90)
between pilot and full scale performance. These findings suggest that the pilot plant
produced the same or better finished water TOC as the full scale system. Thereby, it would
be expected that full scale implementation of MIEX® could warrant similar results.

9.2 Chemical Usage & Ozone

Chemical usage varied seasonally and according to pilot plant operation, as mentioned
previously. Figure 48 shows the full scale vs pilot scale comparison on chemical usage for
ferric sulfate, sulfuric acid, and caustic.

Full scale floc aid polymer data was not provided (although typically applied at
0.25-0.30 ppm) and the pilot did not utilize lime but did utilize chlorine, therefore they were
not compared in this section, although will be considered in the economic evaluation.

As shown, there was a significant reduction in chemical usage when MIEX® pretreatment
was in use. When MIEX® was not in use, ferric sulfate dosages closely mimicked full scale.
Sulfuric acid dosage was higher than full scale when using enhanced coagulation only. This
could have been due to overdosing because of issues with process control at the pilot
scale. Additionally, caustic usage was also higher in this mode of operation, but that is due
to the fact that caustic alone was used, whereas the full scale facility utilizes lime and
caustic. Full scale lime dosing is shown for reference. When MIEX® was in use, caustic
alone was capable of adequately adjusting the pH before ozonation and was still lower than
full scale caustic use in high TOC and significantly lower in low TOC season. During Low
TOC season, in full scale, sulfuric acid is needed to lower the pH in conjunction with ferric
sulfate, thereby requiring the use of both lime and caustic for pH control.
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The caustic dose when MIEX® was employed during this frame was significantly lower and
no lime addition needed. This dosing strategy could be realized in full scale implementation
with MIEX® pretreatment, and although caustic is more costly than lime, there would still be
cost savings due to the decrease in caustic usage and elimination of lime usage.
Additionally, sulfuric acid was not required during times of MIEX® pretreatment due to the
change in coagulation method. The pilot scale polymer dose, not shown, was an average
0.25 ppm to match full scale during times of enhanced coagulation. When MIEX®
pretreatment was in use, polymer was turned off. MIEX® did require pre-chlorination as
previously discussed.

Furthermore, Figure 49 shows box plots for each chemical to illustrate the distribution and
variability of chemical addition over the course of a year. Large variations in chemical
dosing schemes can lead to difficult process control, albeit the City currently operates
extremely consistently given this challenge. Even though this treatment dosing scheme is
extremely effective in removing TOC, it comes with elevated operating costs.

Figure 50 shows the full and pilot scale ozone doses. Since the pilot feed gas transmitter
was not online until November 1%, approximate doses were assumed. The assumed
increase in ozone due to MIEX® pretreatment during high TOC season was estimated to
be 1.0 mg/L. This appears reasonable because even though the dose was around 4.6
when monitoring began on November 1%, it quickly came down because they were able to
see and control dose better. Based on the trends shown here, it seems ozone demand is
higher with MIEX® pretreatment during high TOC season but lower during low TOC
season. Additionally, when the BVTR changed from 600 BV to 1000 BV the ozone demand
increased and required additional ozone dose. Even though 1000 BV is adequate for
organics removal, operating at this treatment rate has an apparent impact and increase on
ozone demand and dose.

Therefore, if MIEX® were to be operated at 600 BV throughout the year then savings on
oxygen and power associated with ozone costs would be realized during low TOC seasons.
Based on the data collected, the average ozone dose over the course of the study for full
scale and pilot scale were essentially the same at 2.37 mg/L and 2.35 mg/L, respectively.

Economic impacts of the reduced chemical usage will be discussed in Section 10.0.

9.3 Filter Performance

As shown in previous section, the finished water TOC produced by the filters in the pilot
was similar or better than the full scale filters. Figure 51 shows the full and pilot scale filter
runtimes. The full scale system performed more consistently, which is expected since
operations and media depths were not changed. The full scale average filter and pilot filter
1 and 2 seemed to reach similar runtimes at the end of the study when enhanced
coagulation only was in place. Being that these filters were operating around the same
loading rate as full scale, this would be expected.
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Alternatively, when MIEX® was in operation during low TOC season, the filter runtimes
were similar when the BVTR was 600, but then trended in opposite direction after the BVTR
was switched to 1000. As shown in Figure 52, this related to a significant difference in
UFRVs (2,000 — 3,000 gallons) during this time frame. It is possible that something was
inhibiting the pilot scale filters while the full scale filters were showing extended run times.
However, when looking at the trends themselves, it is also possible that the event that lead
to a sharp increase followed by a sharp decrease in UFRVs (mid-January to mid-February
time frame), was realized first in the pilot scale and a few days later in the full scale. In
general, the average UFRVs full and pilot scale were similar (at similar operation), albeit the
pilot filters showing more variation since they were not averaged like the full scale filters
and experienced varying operational conditions. When comparing USFLs, as shown in
Figure 53, it is evident the pilot scale UFSLs were significantly greater and more variable
than full scale. This could be due to the fact that full scale data was averaged for all the
filters. Individual full scale filter data could have resulted in some instances similar to what
was seen pilot scale.

MIEX® pretreatment nor increased media depth did not seem to significantly or consistently
provide for an increase in filter runtimes or UFRVs at loading rates of 2.2 or 2.3 gpm/ft?
when compared to full scale data and would not be expected to improve at higher loading
rates. Based on these results and without implementation of hydraulic improvement
recommendations in the master plan, it is believed even with MIEX® pretreatment the
existing filters can only reliably and efficiently treat at a max loading rate of 2.9 gpm/ft2

(~92 mgd assuming two large filters out of service) as originally noted in Chapter 3.

10.0 ECONOMIC ANALYSIS

Due to the results of this pilot study, additional economic analysis was required in order to
update net present values and overall economic feasibility previously presented in
Chapter 5 of the draft Master Plan, specifically in regard to the two major alternatives, 1B
(DLTWTF Expansion without MIEX®) and 2A (DLTWTF Expansion with MIEX®). Capital
costs for Alternative 2A are greater; however, if chemical costs can be reduced enough,
then the payback period could justify the capital expense.

10.1 Chemical Costs

Due to the significant seasonal variations in water quality and subsequent treatment and
dosing scheme, the economic analysis conducted considered low and high TOC seasons
and costs associated with each. Full scale and pilot scale chemical doses were used in
conjunction with the full scale raw water flow rates to calculate a pound per day chemical
usage.
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Using the assumed chemical costs below, an average total cost for chemicals per day could
be determined.

Ferric Sulfate: $0.08 per pound
o Lime: $0.11 per pound

o Caustic: $0.26 per pound

o Acid $0.06 per pound

o Chlorine: $0.26 per pound

) Polymer: $1.38 per pound

Costs for all other plant chemicals like fluoride, chlorine (for disinfection), ammonia,
hydrogen peroxide, and ozone were not included in this analysis since they aren’t expected
to differ (on average) between MIEX® pretreatment and enhanced coagulation treatment
processes.

For MIEX® resin and salt cost per day determinations, the following was provided by IXOM:
° Resin Usage: 1.20 gallons of resin per million gallons of water treated

o Regen Salt Usage (Ib/mg): 328.0

. Resin Cost: $43.11 per gallon of resin used

. Regen Salt Cost: $0.06 per Ib

The regen salt usage is based on the assumption that the waste brine recovery process will
allow for 30% salt savings. It is also based on the assumption that the MIEX® system will
operate at 1000 BV during low TOC season. If the waste brine recovery system is less
efficient or if the BVTR is operated at 600 BV year round, then the expected salt usage
would be greater (up to 437 Ib/mg). According to IXOM, salt usage and resin loss at the
pilot scale is not comparable or scalable to what would be expected full scale, and therefore
that pilot data was not utilized to determine actual salt usage. Additional information on
assumptions for salt, resin, and power consumption for the MIEX® system is provided in
the Appendix H.

High TOC season and low TOC season were quantified as any days where raw water TOC
is consistently above 15 mg/L or below 15 mg/L, respectively. Table 22 shows the costs per
day for the existing full and pilot scale operations (with MIEX® pretreatment) during the
study, in addition to the relatively cost per day per million gallons treated, in regard to
chemical usage. As expected due to the decrease in chemical usage, the chemical costs
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associated with MIEX® are lower than the existing full scale system employing enhanced

coagulation.

Table 22

Seasonal Total Chemical Cost Results
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

High TOC Season®

Low TOC Season®

(1) High TOC Season Costs from October 6 — November 241, 2017.
(2) Low TOC Season Costs from January 8t - March 8th, 2018.

Operations Cost/mgd $258 $221
Pilot Operations Cost/Day $18,800 $9,900
(with MIEX®

Pretreatment) Cost/mgd $176 $117
Notes:

It should be noted that, based on the chemical use and TOC data provided for 2016 and
2017, the existing full scale operations costs per day per million gallons has not been this
high historically. Table 23 shows the 2016 and 2017 average costs per mgd considering
high and low TOC seasons.

Table 23

Full Scale Historical Total Chemical Cost Results
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

High TOC Season

Low TOC Season

Existing Full Scale
Operations
(Cost/mgd)

2016

$210

$199

2017

$215

$247

Figure 54 displays the historical raw TOC and associated costs per mgd from 2016 to
present. Again, these costs only include chemicals associated with the coagulation system
(i.e. ferric sulfate, lime, caustic, sulfuric acid, and polymer). As shown, the costs to treat are
seasonal (as expected) but have steadily increased since 2016. The cost to treat during the
low TOC season in 2017 was actually higher than the costs to treat during the pilot study.
Additionally, more caustic, acid and ferric were used full scale from mid-December 2017 to
present when compared to same time frames in 2016 (see Figure 8). Considering this, the
costs per mgd shown in Table 23 were deemed reasonable and therefore utilized for the
overall economic analysis. The unit costs developed here were used in the overall

economic and net present worth analysis.
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10.2 Additional Operating and Maintenance Costs

Operating and maintenance costs were developed based on knowledge of the DLTWTF's
existing power and chemical costs in addition to annual costs for each alternative. It was
assumed that chemicals and power costs will increase at a rate of 3 percent per year, while
sludge disposal costs will increase at a rate of 6 percent per year due to the reduction in
available land as the population grows. In regard to sludge, it was originally estimated in the
master plan that with the implementation of MIEX®, approximately 2 mg/L of additional
TOC removal on average would be removed by the coagulation step. This average value
was confirmed and therefore original sludge operating costs presented in Chapter 5 are still
valid in this analysis.

IXOM provided updated waste brine treatment costs, which assumed a 600 BVTR for a
production of 750 gallons of waste brine per million gallons of water treated, at a rate of
$8.50 per 1000 gallons. This unit cost covered power and chemicals associated with the
VSEP system.

Operating costs were evaluated at average annual daily flows for each year based on the
flow projections from the Transmission and Distribution System Master Plan completed by
B&V. A life-cycle cost was then calculated to determine the 20-year and 30-year net
present value for both options. Operating costs were discounted at a rate of 3 percent to net
present value. Similarly to the analysis conducted in Chapter 5, development of capital and
O&M costs only included costs that differed among each alternative. Refer to Chapter 5,
Section 5.2.1.4 for a list of items not included in this analysis. The 15-year finalized CIP will
contain applicable project capital costs that will include the selection of the chosen
alternative along with other required expansion project scopes.

10.3 Summary

As previously noted, it was determined that high TOC season typically occurs from June
15" through December 1 (169 days), and low TOC season occurs from December 1%
through June 15" (196 days). By utilizing this assumption and actual chemical usage and
flow data, an average cost per mgd was calculated (as shown in Table 22). This was then
multiplied by the anticipated flows projected to determine average annual chemical costs
through 2048 for the net present worth analysis.

Capital costs were developed as a part of the alternatives analysis effort and these values
have been maintained, with the exception that the expected costs of new filters have
increased based on possibility that the existing filters can only reliably process an average
of 2.2 gpm/ft> and max of 2.9 gpm/ft?, even with MIEX® pretreatment. The capital cost for
both alternatives has been revised to assume $0.52/gal with 48 mgd of filter capacity
required to meet future demands of 140 mgd.
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Additionally, the capital cost associated with rehabilitating the existing conventional Trains 5
through 8 due to corrosive conditions because of enhanced coagulation was included for
option 1B and assumed to occur in 2033 and 2048. Results of the economic analysis are
displayed in Table 24.

Table 24 Economic Analysis Summary (in $1,000s)
David L. Tippin Water Treatment Facility Master Plan
City of Tampa
Alternative 1B 2A
Expanded Fluidized lon
Conventional Exchange

Description Treatment Pretreatment

Capital Cost $76,700 $166,200

Annual O&M Cost $8,200 $5,100

Basin Rehab in 15 yrs (Structural) $2,900 $-

Basin Rehab in 30 yrs (Structural) $2,900 $-

Net Present Value (20-Year) $242,900 $269,000

Net Present Value (30-Year) $337,000 $328,100

Notes:

(1) Capital and O&M costs were developed in accordance with a Class IV opinion of probable
cost of construction as defined by the Association of Advancement for Cost Engineering
(AACE).The expected accuracy range is from +30 percent to -15 percent. Class IV budget
estimates are typically prepared for master planning and based on preliminary process flow
diagrams, main process systems, plant schematic layouts, and major equipment.

Alternative 1B still results in the lower calculated life-cycle costs for 20-year net present
value at 10.2% lower than the MIEX® pretreatment option. However, when comparing
longer life-cycles, the net present value for Alternative 2A is now 2.68% lower than 1B over
a 30 year life-cycle. Since much of the equipment is likely to last longer than 20 years,
especially at the DLTWTF, an average 30 year equipment life is reasonable. Additionally,
there is a possibility that chemical costs could increase more than 3 percent per year over
the span of 30 years. Since Alternative 1B relies heavily on chemical usage, increases in
costs above 3% annually would make Alternative 2A more attractive in regard to 20-year
life-cycle costs. A sensitivity analysis was completed to attempt to quantify this risk and is
discussed in the next section.

10.3.1 Sensitivity Analysis

An economic sensitivity analysis was conducted for various scenarios that examine how
changes in assumptions (i.e. increase in chemical costs, higher than expected resin loss,
etc.) could impact O&M costs, and subsequently 20 and 30 year net present values, and
are discussed herein.
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10.3.1.1 Caustic Cost Increase

Table 25 details the expected impacts if the cost of caustic increased by 30% from
$0.26 per pound to $0.34 per pound. As shown, the impact with MIEX pretreatment is less
significant since the need for caustic for pH adjustment and treatment is reduced.

Table 25 Economic Analysis with Caustic Increase Summary (in $1,000s)
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

Alternative 1B 2A Net Change®
Expanded Fluidized lon
Conventional Exchange
Description Treatment Pretreatment 1B 2A
Annual O&M Cost $8,800 $5,400 1$600 1$300
Net Present Value (20-Year) $255,900 $273,300 1$13,000 | 1$4,300
Net Present Value (30-Year) $357,400 $334,800 1$20,300 | 1$6,700

Notes:

(1) Capital and O&M costs were developed in accordance with a Class IV opinion of probable
cost of construction as defined by the Association of Advancement for Cost Engineering
(AACE).The expected accuracy range is from +30 percent to -15 percent. Class IV budget
estimates are typically prepared for master planning and based on preliminary process flow
diagrams, main process systems, plant schematic layouts, and major equipment.

(2) Net change from Economic Analysis Summary displayed in Table 24.

10.3.1.2 Resin Loss

If resin loss was reduced to 0.5 Ib/MG from 1.2 Ib/MG, then net present values for the MIEX
pretreatment alternative are decreased significantly, as shown in Table 26. Alternatively, if
the resin loss is increased to 2.0 Ib/MG then MIEX pretreatment becomes less viable
economically, as shown in Table 27.
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Table 26 Economic Analysis with Decrease in Resin Loss (in $1,000s)
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

Alternative 1B 2A Net Change®
Expanded Fluidized lon

Conventional Exchange
Description Treatment Pretreatment 1B 2A
Annual O&M Cost $8,200 $4,200 - 1$900
Net Present Value (20-Year) $242,900 $250,700 - 1$18,300
Net Present Value (30-Year) $337,100 $299,400 - 1$28,700
Notes:

(1) Capital and O&M costs were developed in accordance with a Class IV opinion of probable cost
of construction as defined by the Association of Advancement for Cost Engineering (AACE).The
expected accuracy range is from +30 percent to -15 percent. Class IV budget estimates are

(2) Net change from Economic Analysis Summary displayed in Table 24.typically prepared for
master planning and based on preliminary process flow diagrams, main process systems, plant
schematic layouts, and major equipment.

Table 27 Economic Analysis with Increase Resin Loss (in $1,000s)
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

Alternative 1B 2A Net Change®
Expanded Fluidized lon

Conventional Exchange
Description Treatment Pretreatment 1B 2A
Annual O&M Cost $8,200 $6,200 - 1$900
Net Present Value (20-Year) $242,900 $290,000 - 1$21,000
Net Present Value (30-Year) $337,100 $361,000 - 1$32,900
Notes:

(1) Capital and O&M costs were developed in accordance with a Class IV opinion of probable cost
of construction as defined by the Association of Advancement for Cost Engineering (AACE).The
expected accuracy range is from +30 percent to -15 percent. Class IV budget estimates are
typically prepared for master planning and based on preliminary process flow diagrams, main
process systems, plant schematic layouts, and major equipment.

(2) Net change from Economic Analysis Summary displayed in Table 24.

Finally, being a proprietary resin, there is the possibility that resin costs could increase
significantly. Table 28 shows the economic summary for O&M and net present values if the
cost of resin increased by 50% from $43.11 per gallon to $64.67 per gallon. Once again,
MIEX becomes less economically favorable in this case.
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Table 28 Economic Analysis with Increase in Resin Costs (in $1,000s)

David L. Tippin Water Treatment Facility Master Plan

City of Tampa
Alternative 1B 2A Net Change®

Expanded Fluidized lon
Conventional Exchange

Description Treatment Pretreatment 1B 2A
Annual O&M Cost $8,200 $5,900 - 1$800
Net Present Value (20-Year) $242,900 $284,800 - 1$15,800
Net Present Value (30-Year) $337,100 $352,800 - 1$24,700

Notes:

(1) Capital and O&M costs were developed in accordance with a Class IV opinion of probable cost of
construction as defined by the Association of Advancement for Cost Engineering (AACE).The
expected accuracy range is from +30 percent to -15 percent. Class IV budget estimates are typically
prepared for master planning and based on preliminary process flow diagrams, main process
systems, plant schematic layouts, and major equipment.

(2) Net change from Economic Analysis Summary displayed in Table 24.

10.3.1.3 Ozone Usage Increase

Since ozone dose and demand could not be verifiably confirmed during high TOC season,
but was expected to be higher with MIEX pretreatment, an economic analysis assuming an
increase in dose and use of 50% was conducted. An average cost of oxygen for ozone
production of $100 per ton was used for the analysis. The dose was assumed to be 3.45
mg/L which is 50% higher than the existing full scale average of 2.3 mg/L. The results
shown in Table 29 signify there was virtually no impact on O&M or life cycle costs within the
margin of error, however this analysis does not include in the increased cost of power
associated with increase ozone use. When compared to the other sensitivity analysis
results, increase in ozone demand impacts is expected to be minor.
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Table 29 Economic Analysis with Increase in Ozone Costs (in $1,000s)
David L. Tippin Water Treatment Facility Master Plan
City of Tampa

Alternative 1B 2A Net Change®
Expanded Fluidized lon
Conventional Exchange

Description Treatment Pretreatment 1B 2A
Annual O&M Cost $8,200 $5,200 - 1$100
Net Present Value (20-Year) $242,900 $270,400 - 1$1,400
Net Present Value (30-Year) $337,100 $330,300 - 1$2,200
Notes:

(1) Capital and O&M costs were developed in accordance with a Class IV opinion of probable cost of
construction as defined by the Association of Advancement for Cost Engineering (AACE).The
expected accuracy range is from +30 percent to -15 percent. Class IV budget estimates are typically
prepared for master planning and based on preliminary process flow diagrams, main process
systems, plant schematic layouts, and major equipment.

(2) Net change from Economic Analysis Summary displayed in Table 24.

11.0 QUALITATIVE CONSIDERATIONS

Although cost is important for determining the final recommendation, it is not the only
consideration. This section details additional considerations that are less quantifiable and
more qualitative based. It includes the benefits and also risks associated with implementing
a full scale MIEX® pretreatment system at the DLTWTF.

11.1 Benefits

The results of this study suggest that MIEX® is capable of removing the bulk majority of
TOC seasonally and capable of consistently meeting finished water TOC goals below

3.0 /L. This means the current treatment process practiced at the DLTWTF could move
away from enhanced coagulation, leading to overall reduced chemical use and solids
production. As mentioned previously, enhanced coagulation occurs at a pH between 3.5 to
4.3, thereby requiring a significant amount of pH adjustment chemicals in addition to
coagulant. With the implementation of MIEX®, the DLTWTF could operate at a more
neutral coagulation pH, which would result in eliminating the use of sulfuric acid and lime.
Irrespective of cost savings associated with this, the neutral pH conditions within treatment
basins will lead to extended useful life in terms of concrete and structural integrity.
Additionally, City staff could avoid handling the high strength sulfuric acid and reduce the
risk of a potentially dangerous spill/accident. The elimination of lime could also save City
staff time since lime slaking and slurry systems tend to be labor intensive.

It is apparent that MIEX® provides downstream process benefits in terms of TOC reduction,
which plays a significant role in minimizing the burden on the existing conventional
treatment. More importantly, the results suggest that MIEX® is actually most effective
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The results of this study suggest that MIEX® is capable of removing the bulk majority of
TOC seasonally and capable of consistently meeting finished water TOC goals below

3.0 /L. This means the current treatment process practiced at the DLTWTF could move
away from enhanced coagulation, leading to overall reduced chemical use and solids
production. As mentioned previously, enhanced coagulation occurs at a pH between 3.5 to
4.3, thereby requiring a significant amount of pH adjustment chemicals in addition to
coagulant. With the implementation of MIEX®, the DLTWTF could operate at a more
neutral coagulation pH, which would result in eliminating the use of sulfuric acid and lime.
Irrespective of cost savings associated with this, the neutral pH conditions within treatment
basins will lead to extended useful life in terms of concrete and structural integrity.
Additionally, City staff could avoid handling the high strength sulfuric acid and reduce the
risk of a potentially dangerous spill/accident. The elimination of lime could also save City
staff time since lime slaking and slurry systems tend to be labor intensive.

It is apparent that MIEX® provides downstream process benefits in terms of TOC reduction,
which plays a significant role in minimizing the burden on the existing conventional
treatment. More importantly, the results suggest that MIEX® is actually most effective
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during low TOC season, which has historically been a time where the DLTWTF struggles to
efficiently and effectively treat the water. The improvement in performance during low TOC
season is likely due to the change in the type of organics. The MIEX® treatment process is
known to remove low molecular weight and non-aromatic hydrophilic type organics, while
the enhanced coagulation process removes larger, aromatic hydrophobic type organics.
Due to the relative consistent performance of MIEX® in both seasons, it could be said that
high TOC season consists of both type of organics and MIEX® and coagulation work hard
together to remove TOC. Whereas in low TOC seasons it's expected there is very little of
the large, aromatic organics, thereby making the MIEX® system more effective and the
coagulation process less effective in terms of percent TOC removal.

These results also indicate that the MIEX® process is capable of producing low TOC
effluent under dynamic conditions of widely varying and quickly changing source water
quality. As mentioned and considered in the Master Plan, the DLTWTF may be required to
process and treat up to 50 mgd of alternative water supply as part of the Tampa
Augmentation Project (TAP). There is potential that an indirect potable reuse option will
become a viable alternative water supply for the City in the future. Therefore, the influent
water quality to the DLTWTF may change. It is highly possible that with the implementation
of TAP, water quality in terms of TOC could improve and be significantly lower than current
raw water TOC concentrations, meaning ‘low TOC season’ could occur year round. Based
on the type of organics in the new water supply, MIEX® pretreatment could then become
more effective overall and provide for additional cost savings.

As reviewed in the Regulatory Assessment in Chapter 1, there are a number of
contaminants of emerging concern (CECs) that may affect the DLTWTF in the future.
Particular constituents of note include strontium, perchlorate, perfluorooctanoic
acid/perfluroroocatnesulfonic acid (PFOA/PFOS), and hexavalant chromium, which can be
reduced through an anionic exchange process like MIEX®. Toxic organic chemicals
(TOrCs), including pharmaceutical and personal care products (PPCPs) and endocrine-
disrupting compounds (EDCs), are also of concern when considering IPR. There is
currently a study being conducted by Synder Research Group evaluating MIEX®
application in potable water reuse (see Appendix F). The proposed study suggests that
MIEX® resin was previously reported to attenuate TOrCs by ion exchange and hydrophobic
attraction mechanisms. Additionally, Snyder’s group also demonstrated the 70 — 80 %
removal of PFOA and PFOS. However, since pre-chlorination may be required with MIEX®
pretreatment, Cyantoxins could become a concern since oxidants can lyse cyanobacteria
cells and release toxins.

Although there are many benefits to MIEX® pretreatment, there are also a number of risks
that should be considered which are detailed in the next section.
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11.2 Risk

New treatment processes always pose a certain amount of risk. In order to make a sound
recommendation, these risks must be mitigated as much as possible. This section
describes possible risks and proposed mitigation strategies (if any) to reduce that risk.

11.2.1 Chloride-to-Sulfate Mass Ratio

Previously discussed in Section 8.1, the differences in CSMR during times when MIEX®
was on and off were significant. With the current enhanced coagulation treatment process,
the CSMR of less than 0.58 is not concerning in regard to lead leaching. However, this is
altered and increased significantly with MIEX® pretreatment and therefore could cause
serious contamination issues if the City’s distribution system (DS) has lead pipe. City staff
understand that there is currently no lead pipe within the system but this should be
confirmed. If there is no lead pipe then this may not be a major concern if MIEX®
pretreatment is implemented full scale. Conversely, if lead pipe is found to be installed
within the DS, then the risk of contamination would increase and cause concerns regarding
the use of MIEX®.

11.2.2 Bromate

It is possible that during high TOC periods, MIEX® pretreatment requires additional ozone
dose downstream. The type of organics not removed through MIEX® and influent bromide
levels in with conjunction ozone application could lead to increased bromate levels, possibly
well above the current MCL of 10 ppb. Additional data should be collected and/or
researched on this topic since few bromate samples were taken and the actual ozone dose
and demand during that time frame were unknown due to feed gas analyzer issues. There
are a number of bromate mitigation strategies, including two of which that are already used
at the DLTWTF including addition of ammonia and pH control.

11.2.3 Full Scale Implementation — Size and Resin

It is important to note that currently the largest MIEX® treatment facility in the United States
is located in Alabama and has a rated capacity of 37 mgd. This is significantly smaller than
the DLTWTF's rated capacity and comes with inherent risk since full scale implementation
of this system would be by far the largest in the U.S. Additionally, this system could require
a significant portion of the DLTWTF'’s existing open area near the Administration building
which could limit future expansions or additional facilities in this location. This risk could be
minimized due to the fact that the MIEX® system is of modular design, and therefore scale-
up of the design for the contactors and regeneration systems is (comparatively) simpler
than other treatment processes.

The MIEX® resin is of proprietary nature and currently manufactured in Australia. Due to
this, there is risk of price gauging, higher resin costs associated with shipping and risk of
short or unavailable supply. As such, it could be difficult and expensive to receive virgin
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resin in a timely fashion should this source of supply become interrupted or unavailable or if
the facility required a complete replacement of the original resin. To mitigate this risk, IXOM
has agreed to construct a new resin manufacturing facility to be located in the United
States. This would decrease the cost of resin (already assumed in the economic analysis)
but also provide for quick shipments of resin if necessary. Confirming this intention, perhaps
contractually, with IXOM would be prudent before moving forward with implementation of
this technology.

11.2.4 Brine Treatment and Waste Disposal

A major benefit originally presented with the MIEX® pretreatment option was that the
DLTWTF could maintain zero-discharge through the use of a waste brine treatment system
in conjunction with a third party to haul away concentrate from this system. This system
would also save salt costs by using the high saline permeate within the MIEX®
regeneration process. Although the results of the pilot study were promising, there was not
enough data collected to statistically confirm this systems effectiveness. Additionally, due to
the limited samples collected, the third party vendor could not confirm or deny that the
waste concentrate was a viable product they'd be interested in accepting on a full scale
basis. Therefore, there is a chance that the waste concentrate would have to be disposed
of in a different manner by the City with deep well injection the most likely candidate. Based
on IXOM's estimate 750 gallons of waste brine produced per million gallons treated (at 600
BV), this could equate to 61,500 gallons per day of waste brine generated and requiring
disposal. Unless additional pilot scale testing is completed to generate more samples for
analysis, then there is a risk that the third party vendor could find the concentrate to be
unviable full scale, which would cause the DLTWTF to potentially lose its ‘zero-discharge’
status.

11.2.5 Resin Fouling and Attrition

The results of this study showed that the current source raw water at the DLTWTF is
capable of encouraging biological growth on the resin. Without pre-chlorination, this can
lead to resin fouling, ineffectiveness, and carry over. With pre-chlorination of the raw water,
there is the risk of formation of regulated disinfection by-products (DBPs), specifically total
trihalomethanes (TTHMSs) and haloacetic acids (HAAs). DBPs were not monitored during
the study, but due to the raw water TOC levels (up to 25 mg/L) and required chlorine dose
(average 2.9 mg/L), it can be assumed that DBPs could be a significant issue. DBP
formation could be tested at bench-scale to address this concern.

In addition to biological fouling issues, it has recently been observed that there could be
long term fouling of the resin. Specifically, it has been found that the resin’s ability to de-
sorb organics during the regeneration process becomes less efficient over time. This can
lead to decreased organics removal performance and eventually inability of the resin to
remove organics to the level that was experienced in the pilot. This risk is currently
mitigated by the fact that resin attrition occurs with the design system which leads to
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addition of the virgin resin thereby replacing the full inventory of resin overtime. Additionally
there are alternative anionic exchange resins, specifically the SIX ion exchange process,
which does not experience this type of fouling and also does not use proprietary resin.
Additional information on the SIX process is included in Appendix E.

According to IXOM, resin loss is hard to quantify at the pilot scale level and therefore was
not monitored during the study. Resin loss greater than IXOM’s assumed value of

1.20 gallons of resin per million gallons of water treated would lead to increased O&M costs
at an amount of which is unknown and poses financial risk not shown in the economic
analysis.

12.0 SUMMARY OF OBJECTIVES AND RESULTS

The overall objective of this study was to evaluate MIEX® as a pretreatment step after raw
water screening and before the coagulation process. The pilot study allowed for the
observation of overall MIEX® system performance and resulting performance and
operational impacts to the plant's existing coagulation, flocculation, sedimentation, ozone,
and filtration systems at the pilot. The original goals and objectives set to be accomplished
during this study are reiterated and their results discussed below.

Objective:

Use MIEX® as a pretreatment step to reduce coagulant demand to ~50 ppm annual and
allow for operation at a neutral pH, thereby reducing or eliminating pH adjustment
chemicals and reducing sludge production.

Result: MET IN FULL

The average ferric sulfate demand for the pilot system when MIEX® was in operation was
67 ppm. Although this is higher than 50 ppm, it should be noted that the reduction to

50 ppm was developed considering full scale average doses at the time of the draft master
plan development, where full scale average dose was 121 ppm. It has since been
confirmed that full scale is now operating at slightly higher coagulant doses. Specifically,

. Pilot Plant with MIEX® Pretreatment Average Coagulant Dose
- High TOC Season — 95 ppm
- Low TOC Season — 46 ppm
- Overall Average for duration of study — 67 ppm

. Full Scale with Enhanced Coagulation Average Coagulant Dose
- High TOC Season — 205 ppm
- Low TOC Season — 113 ppm
- Overall Average for duration of study — 141 ppm
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Based on these results, the originally set objective of significantly reducing average
coagulant dose by 70 ppm was achieved. Additionally, the MIEX® pilot was able to reduced
TOC concentrations to level where enhanced coagulation was not required therefore
allowing more conventional coagulation at a neutral pH and eliminating the need for sulfuric
acid and lime. The resulting reduced TOC and decreased chemical usage in the
coagulation system would subsequently result in a decrease in sludge production.

Objective:

Utilize the VSEP waste brine treatment system to produce permeate that could be reused in
the MIEX® salt saturator, reducing salt usage, and the concentrate could be pick up and
hauled to a third party vendor with the overall goal to maintain zero discharge status at the
DLTWTF.

Results: MET IN PART, ADDITIONAL DATA REQUIRED

The VSEP system was operated twice during the pilot study and results indicated in the
permeate after waste brine treatment was 46.9 g/L and could result in a 30% reduction in
salt usage. Additionally, the concentrate was not able to be analyzed due to the limited
amount of samples provided to the third party supplier. Due to this, it could not be
confirmed that the supplier would be able to utilize the concentrate. Thus there is the risk
that the DLTWTF will need to discharge it by other means. Additional data would be
required to ultimately confirm that the VSEP system would be beneficial and allow for the
City to maintain zero discharge status.

Objective:

Test the ability of the MIEX® system and understand resulting impact to downstream
processes in regard to removal of organics and color.

Results: MET IN FULL

The raw water TOC ranged from 13.8 to 23.8 mg/L during high TOC period and the MIEX®
unit achieved steady TOC removal at an average removal of 58.1%. During the Low TOC
period, TOC ranged from 6.4 to 13.8 mg/L, and MIEX® was operated at 600 BV and 1000
BV with no adverse impacts to TOC removal and in fact achieved higher (average 65.7%
removal) and more consistent during this time. During periods of high TOC the entire pilot
was capable of removing over 85% of the influent TOC. Additionally, in low TOC seasons
the, although limited instances, where raw water TOC was below 7 mg/L, the MIEX®
effluent TOC fell below 3 mg/L, meeting the current finished water goal alone before
coagulation and filtration.

These findings suggest that the pilot plant produced the same or better finished water TOC
as the full scale system. Overall these results show that the MIEX® process is capable of
producing low TOC effluent under dynamic conditions of widely varying and quickly
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changing influent, ultimately reducing the pressure on downstream processes to remove
organics.

Objective:

Optimize the chemical dosing within the coagulation system with MIEX® as a pretreatment,
and operate at ‘textbook’ mixing g-values, three stage tapered flocculation with ported
walls, and plates settlers to see if improved performance could be observed.

Results: MET WITH EXCEPTIONS

The coagulation process was highly effective with TOC removals ranging from 40 to 72%
with MIEX® on and offline. However, the study did find that during low TOC periods the
average percent removal through coagulation with MIEX® pretreatment was only an
additional 15%. This was because the MIEX® system removed nearly all the influent TOC
only allowing the coagulation system to remove less than 1 mg/L of additional TOC. Based
on these results, chemical dosing was optimized during high TOC season, but in low TOC
season with MIEX® treatment, chemical dosing could be modified to focus on producing a
settable and filterable floc, as opposed to removing as much TOC as possible, which could
result in additional chemical use reduction. Furthermore, the persistent presence of surface
sludge throughout the study made it difficult to determine if the g-values and floc/sed
configuration could benefit the full scale treatment process. If enhanced coagulation is no
longer used at the DLTWTF, then mixing and ideal flow conditions become vital to the
successful creation of filterable floc. As such, modifications to the existing full scale
flocculation and sedimentation basins as previously proposed in the draft master plan are
still warranted.

Objective:

Optimize ozone dose and understand ozone demand with MIEX® pretreatment and
determine impacts on Biofiltration and water quality, if any.

Results: MET WITH EXCEPTIONS

Due to feed gas analyzer issues, there was no data for applied or transferred ozone dose
between October 4" and November 1% during the peak TOC season. The average daily
ozone dose and demand throughout the study during MIEX® pretreatment (with the
exception of October — November 1% as noted), were 1.89 mg/L and 1.62 mg/L,
respectively. However, these values could be greater since ozone dose could not be
monitored during the highest TOC time frame, when ozone demand is expected to be
higher. Also, from mid to late February, the ozone residual was reading zero due even
though grab samples confirmed residual ozone (0.13 mg/L). Therefore the actual ozone
demand during this time frame could have varied from what is shown. Additionally, it was
found that when the MIEX® system BVTR changed from 600 BV to 1000 BV, ozone
demand increased significantly. Although there was no apparent impact to organics
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removal through MIEX® and the floc/sed system when the BVTR changed, there was an
impact on ozone demand and dose. Due to these results, the impacts of MIEX®
pretreatment on ozone demand during high TOC periods could not be quantified.

Limited ozone effluent bromate data was collected but was found to be significantly above
the MCL during the month of October (when ozone dose could not be monitored). After
investigations on why this occurred in the pilot scale and not at full scale (despite similar
bromide influent concentrations), it is believed the ozone demand was increased due to
reasons related to MIEX® pre-treatment during high TOC season. These findings indicate,
with MIEX® pretreatment implementation, bromate could be an issue full scale during high
TOC seasons and when ASR is in use, but the limited bromate and ozone dosing data
during this time is inadequate to verify this. Additional increase in raw water bromate
concentrations could occur with the implementation of TAP as well.

Impacts to Biofiltration were not expected as ozone exposure to the filters at the pilot scale
and duration of the study was not significant enough to impact filter performance.

Objective:

Test Biofiltration at varying loadings rates and media depths while also attempting to
optimize the backwash process, understand any impacts to filtered TOC or turbidity, and
understand changes to filter operation (i.e. UFRVs, runtimes, etc.) as a result of MIEX®
pre-treatment, with the main purpose of understanding if the DLTWTF needs additional
filters to meet current and future permitted capacity.

Results: MET WITH EXCEPTIONS

The biofilters were operated at the following loading rates and depths during times of
MIEX® pretreatment and times of enhanced coagulation:

° Loading Rates
- 2.2 gpm/ft? to simulate 80 mgd (current average annual daily flow)
- 2.3 gpm/ft? to simulate 82 mgd (permitted average annual daily flow)
- 3.5 gpm/ft? to simulate 120 mgd (permitted max daily flow)
- 4.0 gpm/ft? to simulate 140 mgd (anticipated future max daily flow)

. Media Depths
- 12" Sand, 22" GAC (existing media arrangement)

- 6” Sand, 36” GAC (possible media arrangement with hydraulic
recommendations implemented)

- 12" Sand, 24" GAC (possible media arrangement without hydraulic
recommendations implemented)
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Although there were limited ozone effluent samples taken for UV254, the average reduction
through the filters was 20.5% and 13.6% with and without MIEX® pretreatment, based on
the samples collected. However, significant differences in performance cannot be confirmed
statistically. Despite this, changes in filtered UV254 based on operational changes were
observed and expected. Filtered water turbidity was relatively consistent; however, during
times of enhanced coagulation, there was a significant difference in performance. Influent
turbidity was higher during this period and it was observed that filters with increased media
depths performed better. The filters performed similarly in regard to finished TOC and
generally, the effluent TOC was below the finished water goal of 3.0 mg/L with a few
exceptions.

Filter runtimes were found to be highly variable but consistently greater than 20 hours
during times of lower filter loading rates. Starting early January, runtimes were more
consistent among the filters but decreased significantly when settled water turbidity was
greater. In general, as filter loading rates increased, the runtimes decreased. The filter
runtimes at higher loading rates were less than desired but dictated by the available head
loss in the filters. Increasing the available head loss would increase filter runtimes as
previously mentioned in Chapters 3 and 4 of the Master Plan. Due to the linear relationship
between runtime and head loss, a 1-foot increase in available head would be expected to
result in an increase in filter runtime of approximately 17%.

UFRVs were highly sporadic, even though there were times when loading rates and/or
media depths were the same. Investigation into the reasons for this found that UFRVs were
not directly correlated with influent TOC, TOC removed, influent turbidity, turbidity removed,
loading rates, or media depths. It was likely a combination of causes that did not allow the
URFVs to be more closely related during times of similar operations between the filters.
Similar behavior was seen when considering UFSLs, and clean bed head loss values as
well. This would significantly impact and hinder filter runtimes and UFRVs. Based on the
finds of this study, it cannot be determined with certainty that UFRVs would increase or
decrease due to the implementation of MIEX® pretreatment.

The observations related to clean bed head losses suggested that the backwash procedure
was not capable of adequately removing solids or cleaning the filters. Inadequate
backwashing can also be influenced by mismatched media. This results in a less efficient
backwash procedure since the media beds were not able to fluidize and provide proper bed
expansion. Different media types and backwash procedures were not tested so it is
unknown the positive or negative impact these parameters could have had on increasing
filter runtimes or UFRVs.

Based on the operational results, it was found that the existing filters can only reliably
operate at an average 2.2 — 2.3 gpm/ft?, and it was not apparent if MIEX® pretreatment
and/or increase media depths could allow for an increase in loading rates. Based on these
results and without implementation of hydraulic improvement recommendations in the
master plan, it is believed even with MIEX® pretreatment the existing filters can only
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reliably and efficiently treat at a max loading rate of 2.9 gpm/ft? (~92 mgd assuming two
large filters out of service) as originally noted in Chapter 3.

13.0 RECOMMENDATION

In regard to the Master Plan report, the intent of this study was to have the ability to finalize
the draft recommendation for Alternative 2A (See Chapter 5 for full detail on this alternative)
for the Project 4 - DLTWTF Expansion detailed in the prioritized capital improvement plan
(CIP) in Chapter 9. The Project 4 recommendation was scoped to include the addition of a
new 140 mgd magnetic ion exchange (MIEX®) system and its supporting equipment
among other projects required for expansion. The other apparent option was Alterative 1B
that does not include MIEX® and would retain the enhanced coagulation process but also
included a majority of the other Project 4 scope items.

With respect to the filters, based on the pilot plant results (unit filter run volumes, solids
loading rates, runtimes, and clean bed head losses), it is believed even with MIEX®
pretreatment the existing filters can only reliably and efficiently treat at a max loading rate of
2.9 gpm/ft? (~92 mgd assuming two large filters out of service) as originally noted in Chapter
3. At this rate, the expansion project would include 48 mgd of new filters. Therefore, it is
recommended that the City take a phased approach to filter expansion as to not
unnecessarily construct new filters. The City, first, should implement the hydraulic
improvement recommendations, as specified in Chapter 4 of the Master Plan, first and then
proceed with full scale demonstration and testing to witness any impacts to increased filter
loading rates, runtimes, and UFRVs. This can be completed independently of MIEX®
implementation since this pilot study did not find MIEX® pretreatment to significantly impact
or improve filter operations. Filtration optimization with the new implemented hydraulic and
process improvements could then help determine the new max loading rates and
subsequent finalization of exact quantity of additional filters needed to meet 140 mgd
capacity.

Based on the collective results and observations of this study on water quality, capital and
O&M costs, and qualitative considerations, it is recommended that the City implement
Alternative 2A that includes MIEX® as a pretreatment system for the DLTWTF; however,
with a caveat that the City include the cost of an additional extended (one year) pilot study
with MIEX® pretreatment in operation the entire duration. Additionally, mitigation and
resolution of the risks identified and presented herein should be wholly resolved through
piloting before the MIEX® full scale system is constructed. This pilot would be operated in
conjunction with the conceptual engineering design of the full scale MIEX® system.

This recommendation is partly based on the water quality and economic considerations of
MIEX®. Water quality and overall process performance for the pilot and full scale systems
were very similar, with MIEX® at times providing lower finished water TOC concentrations.
Additionally, the economic analysis showed that both alternatives have essentially the same
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net present values at 30 years, with MIEX® being 1.2% less in NPV life-cycle. Considering
this, MIEX® is a viable and promising treatment option for the DLTWTF. However, due to
the qualitative considerations and intermittent gaps in data, it is recommended to fully
capture an entire year of data, not only in regard to TOC removal, but more specifically to
include:

. Resin condition monitoring (RCM) analysis and organics desorption during the
regeneration process throughout the year to understand degradation and decrease in
organics removal performance over time.

. VSEP treatment runs multiple times per month to gather additional data to fully
understand potential salt savings, in addition to multiple sample set deliveries to the
third party vendor for confirmation of viable concrete stream usage.

. Collection of ozone dose and demand data, and bromate data (can be completed at
bench scale), and consideration of various bromate control techniques. Testing
should include blends of raw water from various DLTWTF supply sources including
the reservoir and ASR recovery wells.

. Collection of DBP data to determine the impacts of prechlorination prior to MIEX®
(can be completed at bench scale)

. Evaluation and mitigation of air entrainment issues associated with the original pilot.

. Operation of the MIEX® system at 600 bed volumes throughout the study to
determine the impacts on TOC treatment, ozone demand, and filter runs.

o Piloting of the SIX process simultaneously with the MIEX® process (for the last 6
months).

Additionally, IXOM should provide a performance guarantee for TOC removal as well as
documentation supporting their intent to construct a resin manufacturing facility in the
United States.

Without full understanding and mitigation of the identified risks, MIEX® cannot be
confidently recommended. By conducting additional piloting to confirm risk mitigation
approaches in conjunction with the conceptual design, the City and their consultant could
better understand the needed customized design of this complex system to fully meet the
needs of the DLTWTF while minimizing risks and unknowns.
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Pilot Plant Study

APPENDIX A — PILOT SKID DRAWINGS AND
PROCESS FLOW DIAGRAMS
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Feed Inlet ISO VIEW
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NOTES: Series P50 VSEP System (60 Hz)

1. New Logic Research confidential material.
2. All dimensions are shown in inches [mm]& for references only.
3. Slight differences between drawings and actual system
might be attributed to New Logic Research continuously
evolving and improving its technology.
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FRONT VIEW
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SIDE VIEW
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NOTES: Series P50 VSEP System (60 Hz)

1. New Logic Research confidential material.
2. All dimensions are shown in inches [mm]& for references only.
3. Slight differences between drawings and actual system
might be attributed to New Logic Research continuously
evolving and improving its technology.
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Pilot Testing
VSEP P-50 Machine Specifications 12/02/2013

Current operating Manual: P-50 Version 4.0

Operating Conditions:
Equipment Rating: Nema 4, Indoor-Outdoor protected from sunlight and rain.
Operating Ambient Temperature Limits: 0-40°C
Storage Temperature: 0-40°C
Relative Humidity: 90% or less, non-condensing
Elevation: 3300 ft. (1006 M), without derating.

Filter Pack:
Membrane Area: 50 sq. ft.
Hold Up Volume: Approx. 2.4 Gallons (9 liters)
Maximum Operating pressure: 600 psi (1000psi option available with system modifications)
Maximum Shear Rate: 150,000 Inverse Seconds
Wetted Materials: 316 Stainless Steel, EPDM or Viton

Vibration System:
Drive Bearings: MORSE SEALMASTER RFB 108TF
Vibration Motor: BALDOR Spec: 36A0025042G3, 5HP 3450RPM/60Hz, 460 VAC 3 phase
Vibration Motor Control: AC Tech (ESV402N02TXB)

Feed System:
Pump: HYDRA-CELL D10EKSGSNHMB: 8 GPM @ 1725 RPM
Motor: BALDOR CEM3615T, 5HP 1750 RPM, 460 VAC 3 phase
Pump Bypass Valve: WANNER C22AABBSSEF (Custom material available upon request)

Instruments:
Pressure Gauges: 1 on Process Outlet and 1 on Process Inlet WIKA 233.54
Flow Meter (Acrylic Tube Indicator): COLE-PARMER Model 32445-58
Timers: ATC Long Range Model 365 Timer
Control Valve at Process Outlet: FloTite 310SSFFFL15- 1/2"
Actuator: Indelac R Series Nema 4 Model R4BF03-2

Electrical Power Requirements: Standard Unit (With a 3HP Feed Pump Motor)
(Note: A 5HP Pump can be used but generally does not operate at more than 3 HP in this System)
Standard Voltage: 480 VAC 3 phase ‘wye’ Power
Normal Full Load Operating Current: 12.6 amps
Power Cord: 8 Ft long with a NEMA L15-30P plug
Required Receptacle: NEMA L15-30, 30 amp circuit recommended

System Size and Weight:
Overall Dimensions: 48” w x 36” d x 81" h
System Weight: 9001bs. (336 kg) approximate
*Custom systems (CSA, CE, Class I Div Il, AS3000, etc...) are available on request

Copyright New Logic Research, All Rights Reserved



Utility Summary

New Logic Research

VSEP System

CLEANING WATER CONSUMPTION

(Use Hot Water for cleaning water >300 uS/cm)
# /Day Temp degC | Gallons/Day GPM M3/hr
VSEP
Cleanings 1 50-60 80 0.06 0.0126
Intermittent need of additional 0.25 50-60 100 0.07 0.0158
cleaning or flush of filter pack
System Water Totals System Totals 0.13 0.0284
VSEP Supply Water at 50-60degC and ~7gpm
VSEP Supply water at 20 psi to open CIP tank
ELECTRICAL CONSUMPTION
Based on 480VAC, 3 phase, 60hz Input
FLA = Full Load Amps = Full Load Drive Output x 1.15x
RLA = Running Load Amps = FLA x .65x
VSEP 240 VAC Motors
# HP Amps FLA | RLA | Total Total Total
Motors | /ea kW /ea| /ea /ea | /ea kW FLA RLA
VSEP Drive Motor 1 3 2.3 8.8 10.1 6.6 2.3 10.1 6.6
VSEP Feed Pump 1 5 3.8 15.0 173 11.2 3.8 17.3 11.2
Totals 2 6.1 27.4 17.8

Note: These are estimates only based on very preliminary data. These calculations are subject to change and do not

include equipment offskid of VSEP system

Confidential

8/6/2014
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GENERAL COMMENTS:
SALT BY OTHERS A. MIEX PILOT PLANT
(EX 40LB BAGS) 1. RAW WATER: 10-15GPM FLOW RANGE. ASSUMED RAW WATER FLOW TAKEN FROM A PRESSURIZED MAINS. IF BEING PUMPED TO PILOT PLEASE ADVISE.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ! 2. MIEX EFFLUENT: GRAVITY FLOWS FROM CONTACTOR VESSEL, WITH LIMITED AVALIABLE SUPPLY PRESSURE/HEAD. MAY REQUIRE A BREAK TANK AND
| TRANSFER PUMP FOR DOWNSTREAM COAGULATION / FILTRATION PILOTS. IF THE EVENT OF A FAULT, MIEX PILOT MAY AUTOMATICALLY STOP WATER FLOW;
I
| NOTE: ITEMS DRAWN IN RED INDICATE EQUIPMENT, 2 SRV WATER SPLE MK 5P PRESHURE S0P, HIGHER THEN PRESSUREREDUDCHEN RECUIRED (BYOTHES
! VALVES, HOSING SUPPLIED BY OTHERS - SERVICE WATER SUPPLY: MAX. - d QUIRED ( )
MIEX PILOT UNIT \ 4. WASTE BRINE DISCHARGE: DISCHARGE TO A COLLECTION TANK REQUIRED. COLLECTED VOLUME THEN TRANSFERRED TO A VSEP FEED TANK FOR OPERATION
| AS REQUIRED.
ey S
s | r | 5. CARRIER WATER DISCHARGE: THIS IS INITIAL WATER DRAINED FROM RESIN AT START OF REGENERATION. THIS CAN DISCHARGE TO A SITE DRAIN / RUN-OFF
777777777777 | | (NOTE: NORMALLLY ON FULL SCALE PLANTS, THIS FLOW IS RETURNED TO THE CONTACTOR VESSEL; CANNOT ON SMALL PILOT AS THE FLOW IMPACTS
T | i OPERATION OF THE CONTACTOR.
| i | B. VSEP PILOT PLANT
| | ! 1. OPERATION: ASSUMED VOLUME OF WASTE BRINE WILL BE COLLECTED AND THEN PROCESS IN BATCHES (200-250 GAL LIKELY). TYPICALLY AFTER EACH
| | [ OPERATIONAL RUN, HOT WATER CLEAN IN PLACES (CIP) ARE REQUIRED. CHEMICAL CIP'S (ALKAI / ACID) LESS FREQUENT ARE ARE DEPENDENT ON
‘ I—— - - - MEMBRANE PEFROMACE.
| | | 2. WASTE BRINE: COLLECTED CONCENTRATED WASTE (REJECT) BRINE WILL BE SENT TO BORAC FOR THEIR TESTING.
1
| | | 3. PERMEATE: THE RECOVERED PERMEATE (SALT) COULD POTENTIALLY BE FEED BACK INTO THE MIEX PILOT SALT SATURATOR VESSEL, EITHER BY (1) MANUALLY
POWER (BY OTHERS) | ™ _______ N LOADED RESIN | ADDING LIQUID BACK TO SALT SATURATOR TANK, OR (2) HAVING PERMEATE TANK SLIGHLY ELEVATED TO ALLOW GRAVITY DRAINING TO SALT TANK.
120VAC, 1PH, 20A ‘ TANK ! ! OPTIONS TO BE CONSIDERED IF REQUIRED.
| | ! 4. CLEANING IN PLACE (CIP); AFTER EACH RUN, A HOT WATER CIP WILL BE REQUIRED. CHEMICAL ALKALI CIP’S (ALKALI OAND/OR ACID CIP'S) WILL BE
COMPRESSED AIR SUP He J ! | ___OVERFLOW (L5") PERFORMED BASED ON MEMBRANE PERFORMANCE AND FLUX RATES.
%YCQLH%?SS;QG ' A Y v | ! C. WASTE DISCHARGE TO A DRAIN
’ | | SHOULD ASSUME THAT SOME WASTE WILL BE REQUIRED TO DISCHARGE TO A DRAIN DEPENDING ON HOW OFTEN THE VSEP MAYBE OPERATED THROUGHOUT THE
‘ | MIEX EFFLUENT | PILOT DURATION
| i TBRiﬁl/;é g;rpus ’ip i —»>{__STEDRAN > D. POWER SUPPLIES
| RESIN | (100 GAL) POWER SUPPLIES AS DETAILED REQUIRED FOR MIEX PILOT AND VSEP EQUIPMENT (PILOT AND CIP TANK HEATER). ELECTRICAL CONNECTIONS ARE PERFORMED BY
1
‘ CONTACTOR | TO DOWNSTREAM OTHERS AND AS REQUIRED TO LOCAL CODES. EACH SUPPLY SHOULD COME OFF AN APPROPRIATE ISOLATION BREAKER.
| VESSEL COAGIFILTER PILOTS E. COMPRESSED AIR
| REGEN TANK BRINE TANK SATURATOR 1 col D AIR SUPPLY REQUIRED FOR MIEX PILOT AS DETAILED. AIR COMPRESSOR NOT SUPPLIED BY IXOM. RECOMMEND AN AIR RECEIVER TANK SIZE OF APPROX.
| Q_ ————————————————————————————————— »[ TREATED EFFLUENT> 30 GAL
| o
‘ i E. CONSUMABLES
‘ | 1. MIEX PILOT: MAKE-UP MIEX RESIN FOR THE INITIAL PILOT DURATION WILL BE SUPPLIED BY IXOM. SALT FOR REGENERATIONS SUPPLIED BY OTHERS (USE A
@ | | COARSE SOLAR GRADE SALT WITH NO ADDATIVES)
H1
2. VSEP PILOT: CIP CHEMICALS WILL BE SUPPLIED BY IXOM.
77777777777 P UNDERDRAIN | e
| PUMP 1
BRINE PUMP |
|
‘ | S — 1
| PROCESS FLOWS sizes
i i CARRIER WATER BER FLOWS AND LINE SIZE: —
FROM REGENERATIONS RAW WATER SERVICE MIEX REGEN WASTE CIP TANK
| ;! H _ _ _ - _ _ - _ >[_sieorAN ONTS | suppLy WATER EFFLUENT CQRFfr'iRER BRINE VSEPFERD | e et CIP FEED
\
‘ | s1 s2 s3 s4 s5 s6 s7 s8
| 1 HS <—‘_5—> MANNER OF FLOW CONTINUOUS _| INTERMITTENT | CONTINUOUS | INTERMITTENT | INTERMITTENT | INTERMITTENT | INTERMITTENT | INTERMITTENT
| Vl ; TOTAL FLOWRATE GPM 15.0 5.0 15.0 5.0 5.0 4.0 NA 2.0
T T T T T T T T T T T T ST ST T T T T T T T e e e i TOTAL FLOWRATE (AVG)| GPD 21,600 135 21,600 70 18.0 NA NA NA
! BATCH VOLUME GAL NA NA NA NA 48 250 30 30
i LINE SZE N 15 1 15 15 1 1 NA 1
! LINE TYPE NA PVC HOSE PVCHOSE | PVCHOSE | PVCHOSE | PVCHOSE | PVCHOSE NA PVC HOSE
|
|
|
| WASTE BRINE VSEP VSEP VSEP VSEP FEED
. - . - — - - — - - - - ! UNTS braN | VS BYPASS| pepvieate [concenTraTe| pervieate | recvcie | CPRETURN | VSEPDRAN
i NOTE: FILL HOSE REMOVED | s9 S10 S11 s12 S13 s14 S15 S16
! mszﬁigggg# (;\g‘gAIN | MANNER OF FLOW INTERMITTENT | INTERMITTENT | INTERMITTENT| INTERMITTENT | INTERMITTENT | INTERMITTENT | INTERMITTENT | INTERMITTENT
|
! | TOTAL FLOWRATE GPM NA 20 1.0 10 1.0 30 2.0 NA
| WHEN VSEP BATCHRUNIN |
| PROGRESS ! TOTAL FLOWRATE (AVG)| GPD NA NA NA NA NA NA NA NA
| . BATCH VOLUME GAL NA NA 75-175 75-175 75-175 75- 175 30 NA
| v LINE SIZE N 1 304 3/4" 0D 3/4" OD 3/4 3/4 3/4 1
i M-————— e | LINE TY PE NA PVC HOSE PVC HOSE PVC TUBE PVC TUBE PVC HOSE PVC HOSE PVC HOSE PVC HOSE
| |
|
1
i 1
! : HOSE CONNECTION DETAILS (MIEX PILOT) HOSE CONNECTION DETAILS (VSEP UNIT)
| COLLECTION & POWER BY OTHERS D - i FOSE CONNECTIO
. 3PH, FHOSE CONNECTION ECONNECTION
! FEEDTANK | e L __ ! EQUIPMENT e CENEEIEY || GERESEY EQUIPMENT e HOSE CONNECTION TYPE | CONng?ON
TODRAIN €---------—- (BY OTHERS) HL1A : | TYPE
250 GAL | | RAW WATER HL FEMALE NPT 112" FEED TANK H7A BY OTHERS
: : MI;‘;EtJW BAG FILTER H7B FEMALE CAMLOCK X HOSEl 1
1 1 DIACHARGE H FEMALENPT 112 HiC FEMALE CAMLOCK X HOSE | 1"
NOTE: NOT REQUIRED WITH | |
DRAIN LINE i HTB | MEMBRANE | SERVICEWATER . FEMALE NPT - oA NA - MANUAL ADDITION
| ! VSEP PILOT I VALVE RACK I SUPPLY 0
i CIP TANK HeB FNPT (ASAHIUNON) | 1
UNIT ! BY IXOM ! CARRERWATER
! BY IXOM | ( ) ! H FEMALENPT 12 THROUGH CUT OUT INLID
V7104 | ( ) i - H DISCHARGE H158
; : H r | <£_E> | WASTE BRINE s FEMALE NPT - H7D FEMALE CAMLOCK X HOSE 1"
1 | ! DISCHARGE 0
WATER/CHEMICALS : : ——————— —>’—{:®:} IRttt Pem - ) CYSTR) VSEP UNIT H10A FEMALE CAMLOCK X HOSE 314
ADDED MANUALLY EACH | H H11B V7105 vrios | HI3A ! COMPRESSEDAIR Ho CONNECT FITTING 120D HI1A COMP. TUBE FITTING 3/4" OD
CLEANING SEQUENCE | H 1 V7107 | .
| H | | ! _ OVERFLOW (") HI2A COMP. TUBE FITTING 3/4" OD
; mmmmmmoe- ) ! i ! i o EENALE CAMLOGK X FOSE =
! | ! ! | ! e ‘ | | CAMLOCK CONNECTIONS
(CgSQQII.TSDC;YE :\QIC(J:IG)LS | | i i 1 wea I ! ! PERMEATE ! H108 FEMALE CAMLOCK X HOSE 304
| | | H12B V7108 V7109 | | MALE CAM-LOCK X HOSE FEMALE CAM-LOCK X HOSE m
(WATER CAN BE VIA HOSE) HeAy y Hise ! | ! i 1 H TOANK < ! X MO 1B COMP. TUBE FITTING 34" 0D
! ! 1 V711 v7111§§ V7112(0) V711 ! (B\ESOT(?AEF ) 1 VALVERACK 1128 COMP. TUBE FITTING 3/4 0D
} : : 1 H10A i ! o eEEE e —» TO DRAIN H13A FEMALE CAMLOCK X HOSE 314"
CIP TANK ! ! 1 } | @ : H14A FEMALE CAMLOCK X HOSE 3/4"
@Y ow w b ) S N - --
30 GAL ; : | } | | hisa | | o H15A FEMALE CAMLOCK X HOSE 34
) | ! | | | NOTE: COULD BE HI6A FEMALE CAMLOCK X HOSE 1
POWER BY OTHERS N | | ! | | 1 RECYCLED BACK TO MIEX
120VAC, 1PH, 20A | | 1 T SALT SATURATOR PERMEATE TANK Hi38 BY OTHERS
! ! I ! (SEE VSEP COMMENTS #3)
1
! ! ] | VSEP VALVE RACK POSITIONS
! i 0= OPEN, C = CLOSED
| I
I ! OPERATION | V7100 | v7101 | V7103 | V7104 | V7105 | V7106 | V7107 [ V7108 | V7109 | V7110 | V7111 | V7112 | V7113 | V7114 | V7115
| _ _OVERFLOW (")
| ; START UP o o Cc C o C [} o [} o o Cc C o Cc
CONCENTRATE |
WASTE ! NORMAL o o c c o o c o c o c c c o c
HOLDING |
(BY OTHERS) |
20GAL | Lo » TODRAN| [CP c o o o o c c o c c c o o o c
o DRAIN o o o o c c o c o o c c c o o
VSEP WASTE TO
BORAC
THIS AND OTHER ELECTRONIC MEDIA 1. ALL RED DASHED LINES AND ITEMS DENOTES EQUIPMENT AND PIPING DESIGNED AND SUPPLIED BY OTHERS. REVISIONHISTORY STAMP SIGNATURE DATE FRoweT MlEX@ PILOT
COUNTERPART IS AN INSTRUMENT OF | = /- T PARHER RS mmmmm e e ®
SERVICE PREPARED BY IXOM WATERCARE, DRAWN BY M. LARSON 08/15/17 SERVICE MIEX™ PRE-TREATMENT
INC. FOR A DEFINED PROJECT. IT IS NOT - - - CHECKED BY TITLE
INTENDED OR REPRESENTED TO BE
SUITABLE FOR REUSE IN WHOLE OR IN PART - - - ENGINEER
ON EXTENSIONS OF THE PROJECT OR ON . - - F—— 15 GPM MIEX & VSEP PILOT PROCESS FLOW
ANY OTHER PROJECT. REUSE OR CONFIGURATION
MODIFICATION, OF ANY UTILIZATION IF NOT A - - - TOLERANCE CLIENT
FINISHED INSTRUMENT, WITHOUT THE PRIOR
. - - FRACTION PROJECT MGR
WATERCARE, ING. SHAL BF AT SOLE RISK UPDATED R e ey e e =
FOR THE UN ‘AUTHOR\ZED USER WITHOUT - - DECIMAL: .XX N /AND SHALL NOT BE USED OR REPRODUCED WITHOUT O
A PRELIMINARY FOR REVIEW 08/15/17 - - DECIMAL: XXX FULL FILENAME APPROVAL FROM IXOM WATERCARE INC. B TAMPA PILOT B
LIABILITY OR LOSS EXPOSURE TO IXOM LAWATERC TEAMITRIALS\TAMPA, FL 2017\ UNLESS OTHERWISE SPECIFIED DIVENSIONS ARE IN
WATERCARE, INC. REV DESCRIPTION DATE CHECKED ENGINEER ANGULAR TAMPA PILOT (PROCESS FLOW DIAGRAM REV B).VSD.VSD INCHES SCALE NTS l lsnssr 10F1
8 7 6 5 4 3 2 \ 1



Pilot Plant Study

APPENDIX B — PILOT PLANT LOG



Master Plan 2016 Pilot Plant Log

8/28/17
o  Week of jar testing.
9/8/17
e Went through shut down procedure for MIEX in order to power down equipment in anticipation
for Hurricane Irma.
0 Resin transferred to regeneration tank and stored in brine solution.
e All Intuitech skids shut down as well.
9/13/17
e Started up MIEX skid. During startup, noticed propeller of regeneration tank mixer had fallen off
into tank. Had to fish it off the bottom, remove the mixer (motor and shaft) from top of
container to reattach propeller.
9/15/17
e Back-flushed settling basin in order to break up and drain the compacted sludge.
e Replaced the stator on the sludge pump.
9/20/17
¢ Noticed MIEX resin not fluidizing. Found out later that the mixer was damaged during setup (but
was working) and finally broke.
9/22/17
e Getting license errors on Filter skid.
9/26/17
e Increased MIEX flow >11 gpm to make sure the floc/sed skid doesn’t shut down again due to low
flow.
e Need to set ozone dose very high to get residual. Ozone feed gas analyzer seems to be
inaccurate.
9/27/17
o Tyler got all filters operational after replacing transmitters.
10/2/17
e All skids were shut down due to low flow. Restarted system but pump would not reach set-point
(9 gpm). Noticed a thick clump of algae growth in the holding tank. Scooped that out and began
taking apart all of the pipe from the holding tank to the rapid mix basin. Flushed out all lines and
the pump. Eventually got all of the mess out and got flow back to set-point.
10/3/17
o Kept losing pressure to the ozone generator. Sean talked to Rob with Intuitech and narrowed it
down to a malfunctioning pressure regulator. Had to force some tubing onto the drain, attach a
valve, and partially shut it to create backpressure.
10/4/17
e Began baseline testing
0 MIEX was “bypassed” by sending resin to the resin regen tank, left soaking in brine
solution.



0 Coagulation target was similar to full-scale, ferric dosed enough to get pH to ~4.5,
polymer 0.25 ppm, turbidity ~1.0 NTU.

0 Ozone residual at a 5 minute retention time set to ~0.30 ppm

o0 All filters running at a 2.2 gpm/sqft loading rate; backwash sequence was set by Carollo
but was well out of normal conditions.

e Set up caustic feed.

0 Tubing and peristaltic pump connections were all plugged.

0 Replaced tubing and moved to different peristaltic pump.

0 Initially attempted running tube to drip on the surface of the settling basin so it would
briefly mix before the settled water pH meter but the flow wasn’t high enough to get
the pH to setpoint.

0 Moved the injection point to the ozone feed line coming off of the settling basin (after
pH meter) but ran tubing from the ozone line right after the flow meter to the settled
water pH meter to monitor.

10/6/17
e Collected final data set for baseline
e Powered down ozone to open up the panel and check if the remote controller Ethernet was
plugged into the correct place (and as far as | can tell it was)

0 Purged ozone analyzer with ozone-free gas for 2 hours before zeroing.

e Lost raw water to pilot room; turned out to be clogged pump at the river.

e MIEX put back into operation at 600 BV (1.67 mg/L ERD)

e Coagulation basins set for 100 ppm ferric dose, ozone still targeting 0.30 ppm residual, filters
left at 2.2 gpm/sqft loading rate.

e Filter backwash sequence modified to more accurately simulate full-scale with the exception of
the high rate backwash which was raised to 18 gpm/sqft to get proper fluidization.

10/9/17

e MIEX did not regenerate any resin over weekend; most likely due to operator error when
putting system back into operation the prior Friday.

0 Resin transferred from regen tank back to contactor.

0 Loaded resin dumped into regen tank, forced into regen cycle, and put back into auto.

e Conference call with Carollo
0 Outstanding issues:
= No remote access to ozone or filters
= Ozone feed gas analyzer reading very high
= Broken valve on filter 3
e Justin will send us new one
e Putin a ticket with T&I to gain access to the Intuitech skids using the VNC software from the
work network.
10/10/17
e MIEX regeneration was hung up again and did not regenerate overnight.
0 Talked to Michelle and everything seems to be back to normal.



e Remote Access Issues:

0 Tyler talked to Intuitech and they realized they had a firewall up that was blocking our
access to the filter skid. We can now reach it.

0 | spoke to John with Intuitech to work out the issue with ozone remote access.

= He had me open up the remote control box, unplug the red/black plug next to
MDM and plug it back it. He was able to access it after that.

= | was able to access the ozone skid via Virtual PC in XP mode on my laptop using
my phone as a hotspot. | am unable to access it (or any other skid) on the work
network.

0 | was able to access the MIEX skid using the phone apps. Need to click on connect in the
“OpenVPN Connect” app and then connect to skid in the “Mocha VNC Lite” app. Make
sure to disconnect when not using (do NOT allow it to run in the background).

10/11/17

e During sample collection, noticed filter 3 headloss went to zero but then eventually went back
to normal. Also, filters 3&4 had no headspace at the top of the column but manual states there
should be 4-6”. Tyler said this is normal.

e Tyler came by to work out ozone feed gas issues. She was told to zero it for 4 hours. After talking
to Keith, we decided to flush it with ozone-free gas overnight before zeroing it.

e We found an ozone gas leak in the connection right after the gas flow meter for column 1.
Turned off compressor and generator, put Teflon tape on the connection, tightened it up, put
compressor and generator back in service and leak was gone.

e Emptied out entire coag/floc basins in evening and hosed down to get rid of the thick layer of
sludge on top of flocculators 2 and 3 and the settling basin.

O Restarted basins without ferric. Increased MIEX to 2.5 mL/L. Polymer didn’t create any
floc out of the turbidity. UV254 was ~0.4. Filter turbidity was high. At 10pm, set MIEX
back to 1.67 mL/L, turned on ferric at 60 ppm and polymer at 0.15 ppm. Want to get
basins dialed in with MIEX pretreatment.

10/12/17

o  Still getting sludge layer formed on surface even though under-dosing ferric and polymer.

0 Emailed the group for input.

e Watched MIEX step 35 towards end of run cycle and noticed no resin (only water) being
transferred.

e UV254 signals were to the wrong names in SCADA. Yorger switched the signals at 9am.

e (Cleaned out holding tank; layer of algae-like growth on inner wall.

e Troubleshot treatment issues with sludge forming at surface.

0 Turned off polymer for a few hours; no improvement.

0 Adjusted mixing rates; no improvement.

e Put system back into normal operation for Friday collection.

e Increased MIEX contactor mixer to 77% to try to get better suspension.

10/13/17



e Emptied out entire coag/floc basins in morning and hosed down to get rid of the thick layer of
sludge on top of flocculators 2 and 3 and the settling basin.
e Restarted basins without polymer to determine if the buildup is caused by the poly.
0 Before leaving, surface sludge buildup was already noticeable.
e Replaced broken actuated valve on Filter 3.
e Tyler pulled off the ozone feed gas analyzer and sent to INUSA for repair.
10/16/17
e Power failure on Sunday shut down all systems.
0 MIEX did not resume automatically. Had to jog forward regen step to force regen cycle.
0 Turned mixer down to 70%
10/17/17
e Surface sludge in flocculators thinning out.
10/18/17
e Surface sludge in flocculators nearly gone.
e MIEX

0 Michelle Larson providing training for Sean.

0 Theresinin the regen tank gets transferred to the contactor until the level in the regen
tank reaches 10% but the mixing blade is around 21% height so Michelle changed that
setpoint to make sure resin is always being mixed during transfers.

0 At 5:15pm she put the raw water flow meter in simulation mode to trick it into thinking
we’re treating more water in order to speed up the cycle.

0 Around 8pm she was making changes to the logic and had to shut down flow which
emptied the holding tank and shut down floc/sed. | was able to remote in and turn it
back on before ozone and filters shut down due to low flow.

e Conference call with Carollo
10/19/17
e MIEX

0 Regen paused in morning due to high resin level. Michelle had to adjust some setpoints
to prevent that from occurring.

0 We discussed adding a free chlorine injection point where the raw water comes into the
pilot room. This would give ~1 minute detention time before the sample port pre-MIEX.

=  Would also need to install a new sample port before the injection point to
collect our raw water samples.

0 Data log frequency adjusted to give us a week of data instead of just one day.

O Resin inventory in contactor is low. Will wait until making other changes before adding
resin.

e Forced all filters into backwash to get a new headloss profile.
10/20/17
e Filter 1 backwashed during sample collection. Waited for at least 1 hour runtime and for
turbidity to come down before collecting that sample set (all other samples were already
collected).



10/23/17

e Ran out of caustic to the settlement basin at about 7:00 am causing the pH to drop to the mid to
low six range. Consequently, the ozone residual shot up. Caustic feed normalized about 9:00 am
so residual should get back to about 0.4 g/Nm~3. Entered by Sean Pitcher

e Set up peristaltic pump X710 on floc/sed basins to feed chlorine to raw water.

e After-hours, maintenance installed new raw water sample port, chemical injection port, and
MIEX bypass (in that order) right after the shut off valve where the raw water first enters the
pilot room.

0 Had to stop flow to all skids to perform work.
0 When work was completed, | turned on MIEX remotely but it kept wanting to shut down
due to low flow while in auto; had to set shutoff valve V2101 in manual.
0 Couldn’t remote into filter skid. Sean went to plant in evening to turn all equipment on.
10/24/16

e Regen was paused when | came in due to “#8 Level Transmitter Failure”

0 There was a high level alarm; manually drained regen tank down to 75% and resumed
regeneration. It did 2 back to back regens and then returned to normal.

e Put MIEX shutoff valve V2101 back into auto and is working normally.

e Replaced the drain section of the pressure regulator on the ozone compressor feed line. Set it to

20psi.
e Mechanics filled the 50 gal ferric tank.
10/25/17
e Forced all filters into backwash to get a new headloss profile.
10/26/17

e Set all 4 filter turbidimeters to factory calibration at 8:50am.
e Remotely lowered ferric dose in the PM at the request of Larry Elliot.

10/27/17
e Ozone
0 Tylerinstalled the ozone feed gas analyzer. Let run with ozone-free gas for 3 hours
before zeroing and turning up ozone concentration.
O “Feed Gas Analyzer Error” and “Feed Gas Analyzer Error” on HMI alarm screen.
= Ozone analyzer showing 36 GNM3 at 50% but HMI showing 0
0 Ambient ozone monitor detecting leak at feed gas ozone analyzer so | set the generator
to 0%
10/30/17

e All Intuitech skids were shut down (as of 10/29/17)
O Floc/sed feed pump couldn’t maintain 9 gpm.
= Sean used hose to flush pump in both directions.
= Takes 100% to get 9 gpm (as it did previously also)
= Reduced flow setpoint to 8.5 gpm (95.3%) to prevent another shutdown and to
monitor if the percent speed increases over time to maintain 8.5 gpm.



Mechanic increased pressure in raw water line in order to get MIEX flow up to 15 gpm (could
not get flow past 10.5 gpm in AM)
Ozone
0 Tyler fixed communication problem between ozone feed gas analyzer and HMI.
0 We found and fixed the leaks on the feed gas analyzer
0 Generator was set to start producing ozone again
Received 10.5% sodium hypochlorite
0 Moved to pilot room
0 Need to find safe way to feed without off-gassing chlorine into room

10/31/17

HMI on MIEX crashed. Sent email to Michelle Larson. Michelle sent it to Cliff Bottorff who wrote
me back that on the desktop if the HMI is not operating there is a “Start Center” which is there
always. Pressing “Start” will start back up the HMI
O Later when trying to select the motor control in the HMI for MIEX it crashed again. Gave
it about 10 minutes and it got back to the same screen as above and got back to the
HMI.
Angela from the lab did the sample collection with my (Sean’s) supervision today.
Began feeding chlorine into raw line at 11am (2.5ppm)
0 Leakin PVC fitting at injection port was causing chlorine to short-circuit out of system
and very little residual was making it to the MIEX contactor.

11/1/17

Moved chlorine injection point to the raw water sample port.

0 Was able to get 6.5ppm free chlorine right before MIEX and 0.1ppm coming out of MIEX
Got remote access to filter skid back on line. The CAT5 cable from the Ethernet hub in the
modem was disconnected from the female-female adapter that connected another CAT5 cable
(which was also unplugged) to the control box. Reconnected both sides and it worked. The
retention tabs on the male ends of the unplugged connectors have been broken.

Got the MIEX skid HMI functioning properly. Contacted IXOM who tried to reboot the system
but could not. Later they found it was a ‘corrupt development file’ per Clint Bottorff who fixed it
remotely. | can now access the LT6100 mixer motor without crashing the system as was the
case.

In the process of fixing the MIEX, it was discovered that at least two the manual overrides for
the valves located in the valve manifold (rectangular grey box with small blue flat head screw
heads) at the bottom center of the control box are mislabeled. Other controllers were not
tested. Please see below pic. Turning these screws will override default behavior dictated to the
valves by the operating system in a shutdown or system crash. Turning these screws clockwise
90 degrees forces the valve it controls open.

Valve override manifold in MIEX skid (next page).
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11/2/17
e Reduced chlorine feed in raw water to maintenance concentration (0.1-0.5 ppm free chlorine)
after sample collection.
11/3/17
e Added 0.25 gallon resin into contactor and 0.75 gallon resin into regen tank at 10:30am.
0 Noticed surface sludge in basins came back shortly after.
e Before leaving, set all filters for 24 hour runtime to get a few headloss profiles over weekend.
11/6/17
e Very thick layer of surface sludge in basins.
11/7/17
e Low flow to MIEX contactor.
0 Maintenance had to shut down raw water pumps to clean out Y-strainer.
0 When raw flow stopped, noticed zero mixing in contactor. Looked up top using ladder
and saw that the mixer shaft was broken.
= Don’t know how long mixer has been broken.
0 They also increased the pressure a bit so that we can maintain 15 gpm.
11/9/17
e Had to reduce floc/sed flow to 8 gpm because it was running 99.6% speed at 8.5gpm.
11/10/17
e Sean flushed floc/sed raw pump several times because the %speed kept increasing to maintain
flow.
11/11/17
e  MIEX crashed; had to put control valve in manual and open to keep flow through contactor.
0 Flow was hovering around 7gpm.
0 Setfloc/sed to 5 gpm.
11/13/17
e Thick floating sludge still in basins; thick layer of sludge in settling basin difficult to pump out.
e MIEX



0 Low flow shut all the other skids down.
0 Regen stuck on “drain carrier water” step even though no water in regen tank.
=  Put whole system on Pause.
0 Drained down contactor for mechanics to install new motor and inspect the guide shaft.
0 Resininventory about 13.5 gallons in contactor.
= Not sure of resin volume outside of contactor. Will need to re-evaluate to
determine how much resin to add back into system.
0 Michelle here for training.
= Today she’s helping get MIEX back up and running. VSEP still being installed.
11/10/17
e Miex shut down about 5:30 yesterday afternoon due to low flow. Flow was about 11 gpm when
everything was back up.
11/11/17
e Floc/sed shut down about 12:30am due to low flow again. MIEX was around 7 gpm . Changed
Floc skid flow to 5gpm and turned floc/sed back on. Came into plant and the plant was down
again. Now Floc skid pump refuses to get to 0.5 gpm and power to pump was 100%. Flushed
pump before putting back in service.
11/12/17
e Floc/sed shut down again due to low flow (~5 gpm through MIEX).
11/13/17
e Plant still down from yesterday. Raw flow to Miex now at about 3.5gpm. Mechanic stated that
the y-strainer to the plant was “completely gunked up”. Regen cycle on Miex on Sunday was
very abnormal, LT600 never refilled and the pump from this tank was on but pumping nothing.
LT600 was empty of fluid but had some resin at the bottom. No resin was in the upper tank.
Contactor was emptied to the level just under the access port. A new motor was put on to drive
the contactor mixer and as of 12:30 no flow introduced into the system as resin inventory was
to be taken by Michelle before restart.
11/14/17
e Pump on Floc skid failing. Flush pump 3x and bleed of air. Ran for about one hour and then saw
degradation of performance. Changed pump to spare pump. Ran for about one hour and started
to see some degradation of flow again. Changed this pump with the pump from the filter skid
and replaced the filter skid pump with the pump originally on the floc skid. Slowly brought pump
to speed and bled air and it performs stably at 8.5 gpm. Finished about 1 pm with switching
pumps. Resin loss and adjustment to Miex still being made.
11/15/17
e 7:00 am Pump on floc skid working, Miex adjustments done filters turned on and ozone
performing. System fully operating and adjustments made to get system into steady state.

11/16/17
e Approximately 4 pm flow to Miex went down to about 7gpm. Adjusted Floc skid to 4gpm and
sludge pump to 0.75gpm. When | left at 6:45pm flow had not gone back to normal.
11/17/17



e Flow still not back. Ozone shut down. Pressure regulator to ozone generator is once again
broken. Re-installed the old one which has a tube and flow valve to regulate pressure and the
ozone went back into service.

e Pilot still running till 8:00am when low flow to Miex shut down rest of plant. Flow resumed
normally about 9:00am when floc inlet pump was flushed and bled of air. Flow resumed
normally at 8.5gpm and about 13 psi at pump discharge. After half hour ozone was put on.

e No further VSEP training done as Michelle sheared the bolts tightening plates on the vibrating
platform. VSEP out of service till further notice by Michelle.

e Air occasionally getting into MIEX contactor from raw water line. May need to put an air relief
valve to prevent this.

e leak at chlorine pump. No chlorine getting into raw water line.

11/20/17

e Raw water back-feeding into chlorine drum through peristaltic pump. Need a check valve on

chlorine line. May not be able to overcome pressure in raw water line.
11/22/17

e Scooped off sludge build up from surface of all tanks in floc/sed basins. Within 2 hours it was
back to where light could not penetrate the surface. Floc skid pump was using more power to be
at 85gpm than normal so flushed pump ahead of weekend and performance improved.

11/23/17

e From remote connection to MIEX, saw that regen was halted due to high level on LT600.
Reduced it remotely below 90% and it happened again. Reduced it to just below 70% and it
completed the regen and began working again.

11/24/17

e Remotely saw that MIEX and floc/sed were both down, as MIEX shutting down stopped flow to
the rest of the plant. MIEX had the same alarm as on 11/24, but another one saying the 24volt
backup was low. Cleared alarms, reduced level of LT600 to below 70% and restarted MIEX. It
completed the regen cycle and immediately started another one. This is common for the system
when a regen deviates badly from designated parameters. Signed off and let it do its work.
Logged into Floc/Sed and turned it on as flow was likely getting through MIEX and had filled flow
normalization tank. | decided to let these two systems run for a while to see if they had other
hiccups later on.

11/25/17

e Attempted to log into MIEX but it rejected my request. About 2 pm went to the plant and the
power to the MIEX skid was down completely. Decided not to mess with it. No through flow
available to the rest of the skids as flow through MIEX is controlled by an automatic valve that
shuts off when MIEX goes down, so | left those down too.

11/27/17

e Came in and Pilot Plant was as it was left on 11/24. Electrician came in a bit later and tightened
down the power wire to the transformer inside the MIEX panel. He said it came loose and was
arcing. The wire looks a bit burned, but he said it should function, but maybe we should look at
getting a transformer in case this one was damaged. With MIEX power on, opened the valve to
allow water through the system and turned on floc/sed operations.



Pump to floc sed was at 100% and not getting flow past 7.0gpm apx. Stopped and flushed pump
3x and got it to operate. Shut off pump and drained all water from tanks on Floc/sed. Scrubbed
down sides of tanks and flushed out surface sludge, now about 2” thick. Began pumping and put
skid back into operation.
Michael found that there was no flow to pH meter for rapid mix and flushed the line.
Decided to keep MIEX shut down until problems are fixed (need air release valve on raw water
line and need to get chlorine feeding again).

0 Transferred all resin into regen tank. In regen tank, drained water to resin level and

pumped in fresh brine. Drained that until conductivity stabilized.

Opened up bypass to have raw water go to floc/sed feed tank.
Floc/sed unit shut down around 11pm due to low flow.

11/28/17

Floc/sed had shut down due to low flow at 11 pm the night before. Turned it back on but it went
back offline a few minutes later. Reduced flow to 6gpm and it stayed on.
Found a break in the acid feed line by injection point that was squirting water. Shut down the
system to cut the broken part and reattached to valve. Don’t know when this happened because
the rapid mix pH line was plugged and not flowing through pH meter.
Turned floc/sed back on but max flow was at 7.3gpm and pressure at discharge of pump was
about 22psi where it is normally at 13psi with a flow of 8.5gpm and about 87% power. Bled
pump of air and no change. Flushed pump 3x and no change. With ~10psi difference deduced
there must be blockage in flow to rapid mix. Took apart piping and flushed each section,
replacing and restarting each time. Upon cleaning in line mixer to the rapid mix basin, large
chunks of red material came out. Reassembled and flow at 8.5 gpm at ~87% power and about
15psi at pump discharge achieved.
Lowered ferric dose to 140 mg/L and started up polymer at 0.25mg/L. Saw that flow to rapid mix
pH was again not flowing. Flushed the line and got it to flow. Sampled and tested pH and it was
consistent with pH reading.
Sean flushed the raw pump to get flow back up again.
Removed sand from filters 3&4 and added GAC. Now have 6” sand and 36” GAC.

0 Noticed filters 1 and 2 have a couple extra inches of sand and just 20” of GAC (though it

was a little higher when we started so we must have lost a small amount of GAC).

Put ozone and filters back in service.

11/29/17

Floc sed pump back to 21psi at discharge at 7.5gpm flow. This time changed out the static mixer
with a new one and pressure down to 11psi on pump discharge at 9gpm.

Skimmed all water surfaces in floc sed, but the foam is returning.

Flow to rapid mixers pH meter keeps stopping.

11/30/17

Foam on basin surface now turned to sludge (different consistency than when MIEX is running).
Will leave it alone to see how bad it gets.



e Floc sed pump instantaneous flow swinging wildly but centered at 9gpm. Will speak to Rob at
Intuitech to see if he has a possible solution. Plant running stable otherwise and treatment
objectives mostly being met.

12/01/17

e Changed pump on floc/sed unit as flow was erratic. Noted that flow conformed to setpoint of
9.0 gpm without irregularities until the acid feed was turned on. Then the previous pattern of
flow irregularities returned. Changed pump back to original pump.

e Changed out static mixer as pressure on discharge of pump was at about 23 psi. Immediately
dropped to about 12 psi.

12/4/17

e Plant down due to clogged floc/sed pump. Flushed discharge and inlet 3x. Turned on ozone after
half hour and half hour after that filters.

e Plant operational upon leaving at 3:00 pm

12/5/17
e Plant went down about 2:30 am this morning.
0 Flushed pump of debris but pump would not get past 7gpm with 23 psi at discharge.
0 Disconnected static mixer, pipe before static mixer plugged with ferric.
0 Cleaned out pipe and replaced mixer with one cleaned yesterday.
0 Pump now runs normally and flow resumed.
e Replaced the static mixer with normal pipe to prevent further shut downs due to low flow.
12/6/17

e Noticed acid feed line near injection point was warm (40C) and discolored. We had a break in
that line before but was unsure why. Now we think some raw water is getting into the line,
reacting, and weakening the tube. Ordered PTFE tube and fittings (including check valve).

e Shut down all skids.

12/8/17

e Sean drained and cleaned the floc/sed basin and | installed a blade on the 2™ flocculator mixing
shaft at the water surface level to keep the surface moving.

e Turned on floc/sed skid, set ferric to 200ppm without acid.

12/11/17

e 2" flocculator still clean of surface sludge; 3" flocculator and settling basin full of it.

e Back-flushed filters with clean water to wash out what appears to be red cyanobacteria on
media surface.

e Shut down system to begin flushing raw feed line with chlorine (12:15pm).

Initially started feeding 150ppm chlorine into 9gpm finished water.
Residual not going up at discharge points so chlorine pump maxed out at 200ppm.
Cut feed flow to 5gpm to increase chlorine residual.

©O O O O

Eventually got 100ppm at ops spigot and 300ppm at end of line (5:00pm).
12/12/17
e Started flushing the raw water feed line with finished water (8:00am)
0 Measured 120ppm at 8:00am at end of line, 60ppm at 8:15.



e Received Teflon tubing and parts for acid line. Installed into current acid feed location. Noted
that acid flow created wild fluctuations in the readings from flowmeter.
e Made decision to move acid feed to current ferric port and fabricate and install new ferric port
after acid port before rapid mix
12/13/17
e Sean put a new chemical feed port where the static mixer used to be so that we could feed the
acid and ferric after the flow meter.
e Drained and washed down basins (sludge had built up)
e Put system in operation
e Increased filter loading rate from 2.2 gpm/sqft to 3.48 gpm/sqft to simulate 120 MGD.
12/14/17
e Ozone leak had filled the room to about 0.1ppm concentration. Turned fan to face center of the
room after shutting down ozone and left for 45 minutes while room cleared of gas.
e Turned system back on with fans on high and used ozone detector to locate leak in ozone feed
line connection.
e Connection was opened, Teflon tape wrapped and connection retightened.
e Sludge noted in basins again. Skimmed after collection, but back in 3 hours when | left.
12/15/17
e Turbidity higher in effluent than influent despite ferric dose being 40 ppm higher than full scale.
e Turbidimeters are in constant need of being cleared.
e Dropped ferric to match full scale per Dr. Lei’'s suggestion that ferric overdose may be the
reason we cannot get turbidity in flocculation skid effluent under control.
12/18/17
e Surface sludge likely caused by small bubbles attaching to floc and rising to top. After collection,
turned down rapid mix speed from 1000 s to 200 s™ to see if it reduces the production of
bubbles in the flocculators. Sean cleaned out entire skid.
0 Didn’t make a difference.
e Sean checked all o-rings and tightened all threaded connection before the skid’s raw pump.
12/21/17
e Meeting between COT, Carollo and IXOM
O Pilot supposed to end 2/28/18 but may be pushed to 3/31/18
0 Match 140 MGD across filters
0 Check turbidity to influent of each filter
e Acid tank emptied in PM. Filled it back up.
e Floc/sed feed flow dropped below target. Had to flush pump a few times.
12/22/17
e Skimmed sludge from settling basin as it has gotten very thick and turbidity is in the mid teens.
Likely sludge is getting carried over in higher concentrations as sludge blanket is thickening.
e Backwashed filters and set flow to 0.798 gpm. (simulate 140 MGD)
12/23/17
e 10:00 a.m. Remote shows filter 4 down to low flow.



e Came into plant and cleared alarm. Filter started up. Let run for 30 minutes and excess flow still
produced. Set flow on ozone to 3.6 gpm as a precaution.

e Headspace on filter 4 where none on others.

e Noted that we lost treatment at some point in floc sed. Saw no flow of ferric to floc sed. Pushed
feed tube all the way down to bottom of ferric tank. Flow restarted and adjusted acid flow. Will
watch remotely.

12/27/17

e Collection not taken

e Hydroxide ran out and was refilled in a.m.

e Water very dark in filter towers and in ozone columns

e Sludge blanket in settling very high and some particulate in effluent water

e Cleared up but later came back. Scooped out settling basin.

e Seems to have cleared up by 3:30

12/28/17

e Water clear in filter columns so collection taken

e Carefully scooped building sludge blanket in settling basin

e Drained effluent tank as it was very dirty and allowed refill

e Heavy buildup of sediment at bottom of ozone contactors. Sent as much to drain by flow.
Allowed clear water to flow out of ozone skid before adding back to system

12/29/17
e Water condition improved from yesterday. Reddish/brown intermittent carryover into ozone
skid and filter skid which was appearing yesterday no longer seems to be appearing.
1/4/18
e Conference call w/ Carollo
0 They're still figuring out gas production of raw water.
0 Carollo would like to turn on MIEX treatment
= They believe that pH, not temperature, is currently causing surface sludge so
running MIEX without pH adjustment will remedy this problem.

e Created PVC overflow to siphon off surface of Flocculator 2 and had no impact on surface sludge
accumulation at a rate of 1.5 gpm.

e Closed bypass so that raw water is now passing through MIEX contactor (no resin).

e Having problems with caustic feed system

0 Caustic crystallizing in chemical tank at the tube inlet and preventing flow
=  50% NaOH has freezing point of 58°F.

e Put chemical mixer in caustic tank to try to prevent freezing.
e Shut down all intuitech skids to clean basins with expectation of turning on MIEX.

0 Regen tank underdrain pump very slow; backflushed underdrain with finished water
many times but not much help; hosed down underdrain after emptying tank but still no
better.

= Will remove underdrain pump tomorrow for cleaning based on Michelle’s
instructions.



0 Treatment screen shows very high “Air Lift Off Time (min)” and just ####t# for “LR Tank
Batch Time Remaining (min)”
0 Everything shut down for weekend.
1/8/18
e Sean cleaned the MIEX regen tank underdrain assembly per Michelle’s instructions.
0 Regen tank underdrain pump seemed to work fine afterwards.
0 MIEX put back into service at 200 BV for a couple cycles, then back to 600 BV.
e Floc/sed and ozone put back into service.
1/9/18
e Filters backwashed and put back into service.
e  MIEX contactor mixer speed increased from 60% to 100% per Michelle.
1/10/18
e Surface sludge being removed 1-2x daily per Larry.
1/12/18
e Turned on chlorine feed to raw water.
e Changed sludge pump to constant per Larry.
1/16/18
e No change in surface sludge formation over weekend but settling sludge compacted.
0 Set sludge pump back to intermittent; compacted sludge no longer a problem.
e Ozone relief valve building up with water; need to purge daily.
1/17/18
e MIEX regen was paused
0 Happened around 1pm previous day during transfers soon after regen completed
0 Sean pushed recover (should have pressed resume)
= Had to rinse resin in regen tank, send it all to contactor, and fill loaded resin
tank with 12 gal resin.
= Resumed regen into step 40, set a deficit, and let regen fall into place.
¢ No sludge accumulation at surface of contactors since cleaning the day before
0 No bubbles found in 2" or 3" basins; large bubbles in 1° basin from water weiring over.
0 There is a fluffy formation on top of settling basin plates; more noticeable now that
surface sludge is gone. Easily breaks apart when disturbed so likely just floc carryover
rather than any sort of biological growth.
e Sean cleaned out the settling basin and clarified water basin.
1/18/18
e Still no new surface sludge accumulation or bubbles in basins.
1/22/18
e Changed MIEX bed volumes from 600 to 1,000 about 5pm after regen started.
e Minimal surface sludge formation overnight.
e Floc/sed unit shutting down due to condensation inside chemical pump cabinet; chemical leak
false alarms.
1/24/18



e Reduced ferric dose from 70ppm to 50ppm after sample collection. Will monitor online UV254
for a couple days before deciding to drop it any further.
1/25/18
e Lots of bubbles in basins; surface sludge coming back.
1/26/18

e Bubbles in basin gone; sludge thinned back out.

e Reduced ferric dose from 50ppm to 30ppm after sample collection.

e MIEX resin inventory a few gallons short; will create new top-off schedule with Michelle.

1/30/18
e Michelle repaired VSEP unit and began testing with water.
1/31/18

e Michelle decided that IXOM will run the VSEP unit themselves when it’s time to collect samples

and they will send the samples out for analysis.
2/2/18

e MIEX regen paused due to high resin bed volume. Manually transferred resin to contactor and
resumed regen. Assuming this has something to do with the large volume of resin added to
regen tank by Michelle to top off resin inventory.

e Began dosing polyDADMAC polymer at a dose of 1ppm (0.03 mL/min).

2/5/18
e Heavy accumulation of surface sludge in the morning. Cleaned it out.
2/6/18

o No new surface sludge accumulation in morning.

e MIEX regen paused due to high resin bed volume (about 20gal in regen tank). Manually
transferred resin to contactor until ~12gal (settled) resin left in tank and resumed regen. Need
Michelle to look at program to see why this is happening.

e Noticed polyDADMAC level in container seems to be going down faster than it should be. Should
only be using 50mL per day. Sean marked line yesterday ~11am and by 8am today it was roughly
200mL lower.

e Replaced ozone destructor.

e Intuitech skids shut down previous day ~6pm due to chemical leak detection; chlorine barb
fitting was slowly dripping.
e Chlorine wasn’t flowing; seems to be plugged at end of line inside PVC; will replace section of
line including check valve tomorrow (if we get new check valve by then).
e PolyDADMAC container was weighed at 2pm previous day and over 4 hr period (until shutdown)
used 43g of polymer when it should have only used about 8g; dose has been over 5ppm.
0 Turned off polymer feed in morning; collection with just ferric.
0 Set up syringe pump to feed polymer to get better control at low flow (12:25pm).
2/8/18
e Repaired chlorine feed



e Decided to keep filter flow high to get quicker response time when making process control
changes in upstream skids.
2/9/18
e Turned off polymer and increased ferric dose from 30ppm to 40ppm (4:00PM)
2/12/18
e Online UV254 shows no difference in treatment over the weekend between 30ppm ferric 1ppm
poly compared to 40ppm ferric.
2/16/18
o Tyler helped adjust filter media levels (all filters now at 1’ sand 2’ GAC)
0 Backwashed all filters and put back into service (still 140MGD)
O Dr. Lei decided to have Filters 1&2 at 80MGD and Filters 3&4 at 120MGD; changed the
flow setpoints and sent all filters to backwash again.
2/19/18
e Could smell ozone in hallway outside pilot room; shut down ozone generator.
0 Rotameter from generator to column 1 cracked and leaking.
= Replaced it with the unused rotameter for column 2 and valved off the unused
line.
e Filter skid shut down on Saturday; “Filter X100 Step Time Too Long Alarm”
0 Filter stopped during drain step. Air valve was opening not no air getting into column.
0 GAC may have plugged opening. Opened valve for all 4 filters with compressor on to
force air through. Resumed backwash for all filters.
e 9:40 A little bubbling in floc/sed windows, none on miex contactor surfaces. Thin film of sludge
on basin 3 and settling basin plates and surface. Scooped surfaces and blew down sludge plates.
Saw turbidity out rise a little and go back down, no color change to water going into ozone or
filters.
2/20/18
o Filters still stopping during drain stage of backwash.
0 Replaced air scour blower air filter to see if that helps.
=  Filter 2 went into backwash a half-hour later and stopped during drain.
0 Increased “Air Drain” air flow from 0.25 scfm to 0.50 scfm for all filters in the sequence
control panel. Will see if it helps.
e Influent to all filters tested in lab for turbidity and all were the same.
e Ozone residual has been reading Oppm at the HMI. Did a manual reading using Hach DR890 and
measured 0.13ppm.
0 Need to calibrate sensor.
= [fthat doesn’t work, need to replace sensor tip.
e Turned off ozone generator and ran air (2 hours) through feed and off gas analyzers to zero
them.
e 1:10 pm sludge on surface of basin 3 and settling basin and bubbles on Miex contactor surface.

Scooped surfaces
2/22/18



e Conference call
0 Collect backwash samples from each filter at end of high rate.
= Send Carollo backwash sequence
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0 Send updated operational and WQ data

o 2/27/18
= Increase filters 3&4 to 140MGD
o 3/9/18
= Turn off MIEX, run enhanced coagulation in basins (pH adjustment, ferric and
polymer)
= Leave filters (1&2 at 8OMGD, 3&4 at 140MGD)
o 3/20/18

= Lower filters 1&2 at 120MGD
2/23/18
e Noticed backwash pump was left in manual 50% after modifying filter media prior week; set
back to auto.
e Alittle bubbling seen in the a.m but not in the afternoon, produced a little sludge which |
scooped off about 1:00 pm
e Filters went into backwash on their own
2/26/18
o  Filters still stopped again during drain stage of backwash.
2/27/18
e Found leak at top of column 1, cracked connector to off gas tube. Will replace.
e Cycled power on modems for ozone and filter skids per Rob Rider’s suggestion at Intuitech and
regained access to these units
e Increased off time limit on filter 1 and 2 and filters still went into alarm and stopped. Cleared
alarms and they went into and finished backwash with no issues.
e Bubbling and sludge production continues as before.



2/28/18

Very high amount of bubbling still occurring. Skimmed surfaces of floc sed basins 3 and settling
after collection. Bubbling also noted on surface of Miex contactor, resin seen between very large
bubbles on surface.
Increased step time limit to 480 seconds from 300 seconds on all filters. Filter 4 went into
backwash with no alarm generated after this action.
Sludge scooped at 11:45 am. Bubbling on all surfaces continues as before.
Increased filter flow to filters 3&4 to 140MGD and sent to backwash (1:46 pm)
Ozone residual reading zero on grab sample; generator is maxed out.

0 Waiting to hear back from Intuitech on calibrating ozone residual sensor to get better

control of ozone dose.
0 May need to increase ozone/air flow going into column (has been 4 scfh)

Bubbling and sludge continues in same fashion as yesterday. Scooped sludge and surface of
MIEX contactor and same concentration of surface bubbles returned within an hour

Smell of ozone returns this afternoon of course. Cannot find source will try again tomorrow
Sludge seems minimal given the bubble production so did not scoop surfaces

Moved ozone residual sample line closer to injection point (SV-Z120B) to see residual on HMI for
when we’re ready to calibrate.

Bad ozone destructor changed. Taken out at 8:00 am and ran generator for 1.5 hours at 0 power
to generator with new destructor attached. Started power at 50%.

Bubbling and sludge continues in same fashion as yesterday. Scooped sludge and surface of
MIEX contactor.

Sludge scooped out at end of the day

03/5/18

8:30 am Sludge in settling basin is above surface and down to the plates. Scooped/drained and
scooped all other surfaces. Sludge thickness looked like about 1.5 to 2 inches in places.

A lot of bubbling on miex contactor surface

Afternoon scooped surfaces again, bubbling and sludge production continues as before

03/6/18

3/7/18

Collection Taken

8:00 a.m. Sludge in basins 2,3, settling of floc/sed and bubbling, although a little less than
yesterday, continues on surface of MIEX contactor and in floc/sed. Sludge about %” thick where
it has settled, more bubbly in basin 2 thicker in basin 3 and settling. Almost none in
normalization tank ahead of floc/sed skid. Scooped sludge.

Installed makeshift splash deflector to wier between rapid mix and basin 1 on floc/sed skid.
13:00 scooped accumulating sludge. No real improvement of bubbling or sludge from this
morning

8:30 sludge and bubbling is as it was yesterday, slightly better overall. Scooped a lot of sludge
off of settling and basin 3. Basin 2 had buildup in corners.



3/8/18
e C(Calibrated acid feed pump ~4:40pm. Had to feed some into basins to do so.
e 9:30 No change in sludge and bubbling. Scooped sludge from all basins as yesterday.
3/9/18
e 10:00 No change to sludge and bubbling, except today there seems to be more than yesterday.
Scooped sludge and cleaned basin surfaces in anticipation of starting enhanced coagulation
o Allowed MIEX last regen to complete before starting shutdown of MIEX. Shutdown completed
successfully and all resin in system transferred to regen tank. Virgin salt water drawn down
through resin till conductivity flowing out of tank was 10 mSiemens/cm.
e Began change to and had problems with incoming plant and insect matter.

0 Stopped system and scrubbed side of influent tank as it was caked with dirt. Got as
much off the bottom of the tank as possible.

0 Influent turbidity was 25NTU but water looked normal. Took samples to lab and from
the inlet of the tank it was 1.89 NTU and from the relief valve at the bottom of the tank
it was 2.32 NTU while still reading 25NTU at the skid.

0 Flushed turbidometer again and flushed pump. Saw improvement to about 12NTU.

e Knowing the actual quality of water is not at fault and having flushed pump | ran turbidity from
the outlet of the meter and got 2.57 NTU in the lab when skid meter read apx 12 NTU.
3/10/18
e Ran Turbidities on system before cleaning surface sludge

Location Raw Floc sed tank | coag eff | O3 eff F1 F2 F3 F4
bottom valve

Values(NTU) | 1.64 1.8 5.9 5.04 0.107 0.116 0.128 0.112

Time 9:57 9:58 10:00 10:02 10:04 10:06 10:08 10:10

e (Cleaned surfaces of floc sed. All surfaces including all basins covered with some form of
sludge. The first basin is covered with what looks almost exactly like the foam found in full

scale.
e Ran Turbidities today again before cleaning sludge. Results below
Location Raw exit tank valve coageff O3 eff F1 F2 F3 F4
Values(NTU) 1.53 1.72 4.37 4.81 0.112 0.122 0.128 0.117
Time 8:00 8:02 8:04 8:06 8:08 8:10 8:12 8:14
e (Cleaned surfaces of floc sed after turbidities run.
03/12/2018

e Sludge again is covering all surfaces. Cleaned in morning after collection about 9:00 am
03/13/2018

e 9:00 am cleaned sludge. Sludge again covers all surfaces. Cleaned after collection

e Ason Friday, there seems to be events where the inlet turbidity goes up. Testing it in the lab,
the floc/sed normalization tank bottom drain gives a turbidity of 2.18 NTU when the turbidity is
at apx 33 NTU on the skid meter. At 33 NTU flushed the meter. Water seemed fine to look at,
did not look any different than normal raw water.

e 4:30pm scooped surfaces




e 5:00 pm did lab analysis of the turbidity on water at bottom of tank going into floc/sed. It was
2.18 NTU.
3/14/2018
e 9:00 Sludge as yesterday. Likely 10-15 gallons of it gets scooped every morning
e (Cleaned sludge again at 1:30, it was about % the volume as this morning.
3/15/2018
e 9:00 Sludge was is it was yesterday. Scooped it
e Clogging and gunking of effluent turbidometer on floc sed skid seems to require constant
attention. Every time it is cleaned turbidity gets better by several NTUs.
e 1:45 Sludge cleaned again off of all surfaces.
e At 3:00 pm turbidities were sampled at the raw inlet and coagulation effluent train and results
are as follws:

Raw Coag eff
Turbidity(NTU) | 1.81 4.86
Time 3:00 3:02

3/16/2018
e 10:00 sludge same as yesterday. Scooped it out
e 2:00 cleared up accumulating sludge
3/17/2018
e 15:00 Came in and cleaned up sludge. Sludge weight has stretched the skimmer on basin 5 to
where it no longer turns, so surface covered in sludge. Turbidity very high. Cleared all meters
and scooped sludge.
03/19/2018
e Replaced ozone destructor, re-attached feed gas tubing to off gas sensor and zeroed out the off
gas and feed gas meters
e 10:00 scooped sludge, more today than normal, but likely only because it was not cleaned on
Sunday
e 1:30 pm scooped sludge
3/20/18
e Changed Filters 3&4 flow to 0.684 gpm to simulate 120 MGD
e 10:00 scooped sludge, conditions same as yesterday
e Took DO readings and sent to Tyler this evening
e 14:00 scooped sludge
3/21/2018
e 10:00 scooped sludge, conditions same as yesterday
e Took more DO readings from same location and sent to Tyler
e 14:00 scooped sludge
3/22/18
e Backwashed Filter 4 at 100% for about a minute (before putting into auto backwash) to fluidize
the sand layer which hasn’t been moving during the past couple backwashes. Will see if this
improves runtime.
3/23/18



e Moved ozone residual sampling point from SV-Z120B back to SV-Z130E around 8AM.
e 9:00 scooped sludge, same conditions as yesterday
3/25/2018
e 13:00 Scooped sludge, flushed pH and Turbidity meters
3/26/2018
e 9:00 scooped sludge
e Ozone cannot seem to get residual, even at a power rating on the O3 generator of 98%. UV
readings from inline meter are higher than when we were getting residual.
e 14:00 scooped sludge
3/27/2018
e 9:30 scooped sludge
e Still no O3 residual. Tried for 2 hours at 98% power to get residual with no luck. At 85% power
mean ozone residual is about 14.5 g/Nm”3 and at 98% it is about 15.1g/Nm”3. Not wanting to
constantly run the generator at its limits for only a nominal improvement in ozone
concentration resulting in no improvement in residual, | put it back at 85% .
3/28/2018
e 9:30 sludge scooped
e Apx 10:00 Acid feed ran out of feedstock, refilled and brought pH back under control
e Still no O3 residual.
3/29/2018
e 9:00 sludge scooped
e Still no residual from O3
3/30/2018
e Changed Filter 2 loading rate to 3.48 gpm/sqft and Filter 4 to 2.31 gpm/sqft (essentially
switched Filters 2&4 to see the response).
3/31/2018
e 5:00 pm scooped sludge
e Noticed that filter 2 stalls at restart of normal service and gives pump flow too low error
message. Cleared remotely and started back up at about 6 am
04/1/2018
e 1:30 pm scooped sludge
e Noticed that filter 2 stalls at restart of normal service and gives pump flow too low error
message. Cleared remotely and started back up.
4/2/2018
e Filter 2 stalled again about 5:30 am. Restarted as before.
e Plant shut down
e 03 run for about 4 hours without generator or compressor on before shutting down
End Log



Pilot Plant Study

APPENDIX C - RAW WATER QUALITY DATA
(TO BE PROVIDED ELECTRONICALLY)



Pilot Plant Study

APPENDIX D — ANALYZED DATA



Report Name: Alkalinity Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A 1y
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY
Carollo Project Number: 10194A00
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data AvgValueA ValueA ValueA STD A CovarA  Method Analysis ByA Data SourceA
Alkalinity, Total as CaCO3 PILOT_COAG_EFF 92 mg/L  10/4/2017 3/29/2018 62.1 133.0 1.0 47.7 0.77 City of Tampa MP PILOT.XLSX
Alkalinity, Total as CaCO3 PILOT_FILTER_1_EFF 92 mg/L  10/4/2017 3/29/2018 103.8 137.0 30.0 19.7 0.19 City of Tampa MP PILOT.XLSX
Alkalinity, Total as CaCO3 PILOT_FILTER_2_EFF 92 mg/L  10/4/2017 3/29/2018 104.1 138.0 33.0 19.3 0.19 City of Tampa MP PILOT.XLSX
Alkalinity, Total as CaCO3 PILOT_FILTER_3_EFF 92 mg/L  10/4/2017 3/29/2018 103.5 136.0 31.0 19.4 0.19 City of Tampa MP PILOT.XLSX
Alkalinity, Total as CaCO3 PILOT_FILTER_4_EFF 92 mg/L  10/4/2017 3/29/2018 104.0 137.0 30.0 19.5 0.19 City of Tampa MP PILOT.XLSX
Alkalinity, Total as CaCO3 PILOT_MIEX_EFF 92 mg/L  10/4/2017 3/29/2018 107.0 148.0 15.0 26.7 0.25 City of Tampa MP PILOT.XLSX
Alkalinity, Total as CaCO3 PILOT_RAW 92 mg/L  10/4/2017 3/29/2018 1225 153.0 64.0 24.0 0.20 City of Tampa MP PILOT.XLSX



Report Name: Arsenic

Client: City of Tampa

Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY

Carollo Project Number: 10194A00

Report Date:A  6/12/2018y

Report Number:A
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# PILOT_COAG_EFFyArsenic-ICPMSy W PILOT_FILTER_1_EFFyArsenic-ICPMSy A PILOT_FILTER_2_EFFyArsenic-ICPMSy PILOT_FILTER_3_EFFy\Arsenic-ICPMSy X PILOT_FILTER_4_EFFyArsenic-ICPMSy ® PILOT_RAWyArsenic-ICPMSy
Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STD A CovarA  Method Analysis ByA Data SourceA
Arsenic-ICPMS PILOT_COAG_EFF 92 ug/L 10/4/2017 3/29/2018 6.54E-04 1.36E-03 4.00E-04 2.53E-04 0.39 City of Tampa MP PILOT.XLSX
Arsenic-ICPMS PILOT_FILTER_1_EFF 92 ug/L 10/4/2017 3/29/2018 5.55E-04 1.42E-03 3.11E-04 2.60E-04 0.47 City of Tampa MP PILOT.XLSX
Arsenic-ICPMS PILOT_FILTER_2_EFF 92 ug/L 10/4/2017 3/29/2018 4.62E-04 4.72E-04 3.86E-04 1.90E-05 0.04 City of Tampa MP PILOT.XLSX
Arsenic-ICPMS PILOT_FILTER_3_EFF 92 ug/L 10/4/2017 3/29/2018 4.69E-04 5.14E-04 4.29E-04 1.60E-05 0.03 City of Tampa MP PILOT.XLSX
Arsenic-ICPMS PILOT_FILTER_4_EFF 92 ug/L 10/4/2017 3/29/2018 4.73E-04 5.42E-04 4.21E-04 2.59E-05 0.05 City of Tampa MP PILOT.XLSX
Arsenic-ICPMS PILOT_RAW 92 ug/L 10/4/2017 3/29/2018 1.09E-03 1.92E-03 8.00E-04 2.98E-04 0.27 City of Tampa MP PILOT.XLSX



Report Name: Bromate Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A 3
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY
Carollo Project Number: 10194A00
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4 PILOT_03_EFFyybromatey

Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA  Method Analysis ByA Data SourceA
bromate PILOT_O3_EFF 92 ug/L 10/4/2017 3/29/2018 11.31 35.40 1.07 13.44 1.19 City of Tampa MP PILOT.XLSX




Report Name: Bromide Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A ay
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY
Carollo Project Number: 10194A00
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STD A CovarA  Method Analysis ByA Data SourceA
Bromide PILOT_COAG_EFF 92 ug/L 10/4/2017 3/29/2018 66.89 87.80 52.50 9.70 0.15 City of Tampa MP PILOT.XLSX
Bromide PILOT_FILTER_1_EFF 92 ug/L 10/4/2017 3/29/2018 57.21 73.00 39.20 12.85 0.22 City of Tampa MP PILOT.XLSX
Bromide PILOT_FILTER_2_EFF 92 ug/L 10/4/2017 3/29/2018 57.18 75.10 38.90 13.63 0.24 City of Tampa MP PILOT.XLSX
Bromide PILOT_FILTER_3_EFF 92 ug/L 10/4/2017 3/29/2018 56.48 75.20 38.50 13.19 0.23 City of Tampa MP PILOT.XLSX
Bromide PILOT_FILTER_4_EFF 92 ug/L 10/4/2017 3/29/2018 57.40 74.10 38.80 13.08 0.23 City of Tampa MP PILOT.XLSX
Bromide PILOT_MIEX_EFF 92 ug/L 10/4/2017 3/29/2018 68.03 87.90 52.30 10.15 0.15 City of Tampa MP PILOT.XLSX
Bromide PILOT_RAW 92 ug/L 10/4/2017 3/29/2018 66.32 81.10 50.10 9.58 0.14 City of Tampa MP PILOT.XLSX



Report Name: Chloride Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A sy
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY

Carollo Project Number: 10194A00
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA  Method Analysis ByA Data SourceA
Chloride PILOT_03_EFF 92 mg/L 10/4/2017 3/29/2018 341 52.6 0.5 136 0.40 City of Tampa MP PILOT.XLSX
Chloride PILOT_COAG_EFF 92 mg/L 10/4/2017 3/29/2018 35.4 54.3 11.6 11.0 0.31 City of Tampa MP PILOT.XLSX
Chloride PILOT_FILTER_1_EFF 92 mg/L 10/4/2017 3/29/2018 35.7 55.5 119 11.0 0.31 City of Tampa MP PILOT.XLSX
Chloride PILOT_FILTER_2_EFF 92 mg/L 10/4/2017 3/29/2018 35.7 57.0 121 111 0.31 City of Tampa MP PILOT.XLSX
Chloride PILOT_FILTER_3_EFF 92 mg/L 10/4/2017 3/29/2018 35.6 56.6 11.7 111 0.31 City of Tampa MP PILOT.XLSX
Chloride PILOT_FILTER_4_EFF 92 mg/L 10/4/2017 3/29/2018 35.5 57.1 11.7 111 0.31 City of Tampa MP PILOT.XLSX
Chloride PILOT_MIEX_EFF 92 mg/L 10/4/2017 3/29/2018 39.0 50.5 116 8.3 0.21 City of Tampa MP PILOT.XLSX
Chloride PILOT_RAW 92 mg/L 10/4/2017 3/29/2018 20.6 25.0 119 33 0.16 City of Tampa MP PILOT.XLSX



Report Name: Color

Client: City of Tampa
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY

Carollo Project Number: 10194A00

Report Date:A  6/12/2018y

Report Number:A
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA  Method Analysis ByA Data SourceA

Color tubes PILOT_COAG_EFF 92 PCU 10/4/2017 3/29/2018 45.8 125.0 7.0 175 038 City of Tampa MP PILOT.XLSX
Color tubes PILOT_FILTER _1_EFF 92 PCU 10/4/2017 3/29/2018 5.4 35.0 5.0 33 061 City of Tampa MP PILOT.XLSX
Color tubes PILOT_FILTER_2_EFF 92 PCU 10/4/2017 3/29/2018 6.4 95.0 5.0 9.8 153 City of Tampa MP PILOT.XLSX
Color tubes PILOT_FILTER_3_EFF 92 PCU 10/4/2017 3/29/2018 6.4 115.0 5.0 116 181 City of Tampa MP PILOT.XLSX
Color tubes PILOT_FILTER_4_EFF 92 PCU 10/4/2017 3/29/2018 52 15.0 5.0 1.4 027 City of Tampa MP PILOT.XLSX
Color tubes PILOT_MIEX_EFF 92 PCU 10/4/2017 3/29/2018 61.8 250.0 10.0 529 0.86 City of Tampa MP PILOT.XLSX
Color tubes PILOT_RAW 92 PCU 10/4/2017 3/29/2018 102.4 250.0 40.0 50.4  0.49 City of Tampa MP PILOT.XLSX



Report Name: Conductivity Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A 7y
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY
Carollo Project Number: 10194A00
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA  Method Analysis ByA Data SourceA
Conductivity (Lab) PILOT_COAG_EFF 92 umhos/cm 10/4/2017 3/29/2018 391.1 519.0 269.0 65.5 0.17 City of Tampa MP PILOT.XLSX
Conductivity (Lab) PILOT_FILTER_1_EFF 92 umhos/cm 10/4/2017 3/29/2018 467.2 688.0 358.0 114.2 0.24 City of Tampa MP PILOT.XLSX
Conductivity (Lab) PILOT_FILTER_2_EFF 92 umhos/cm 10/4/2017 3/29/2018 466.7 686.0 357.0 114.5 0.25 City of Tampa MP PILOT.XLSX
Conductivity (Lab) PILOT_FILTER_3_EFF 92 umhos/cm 10/4/2017 3/29/2018 466.5 684.0 356.0 114.5 0.25 City of Tampa MP PILOT.XLSX
Conductivity (Lab) PILOT_FILTER_4_EFF 92 umhos/cm 10/4/2017 3/29/2018 466.7 686.0 358.0 115.7 0.25 City of Tampa MP PILOT.XLSX
Conductivity (Lab) PILOT_MIEX_EFF 92 umhos/cm 10/4/2017 3/29/2018 358.3 457.0 233.0 63.3 0.18 City of Tampa MP PILOT.XLSX
Conductivity (Lab) PILOT_RAW 92 umhos/cm 10/4/2017 3/29/2018 3429 464.0 214.0 70.1 0.20 City of Tampa MP PILOT.XLSX



Report Name: Dissolved Organic Carbon Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A 8y
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY
Carollo Project Number: 10194A00
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA  Method Analysis ByA Data SourceA
Dissolved Organic Carbon PILOT_COAG_EFF 92 mg/L 10/4/2017 3/29/2018 2.87 4.20 1.70 060 0.21 City of Tampa MP PILOT.XLSX
Dissolved Organic Carbon PILOT_FILTER_1_EFF 92 mg/L 10/4/2017 3/29/2018 2.90 3.50 2.40 0.44 0.15 City of Tampa MP PILOT.XLSX
Dissolved Organic Carbon PILOT_FILTER_2_EFF 92 mg/L 10/4/2017 3/29/2018 2.80 3.40 2.30 0.44 0.6 City of Tampa MP PILOT.XLSX
Dissolved Organic Carbon PILOT_FILTER_3_EFF 92 mg/L 10/4/2017 3/29/2018 2.90 3.50 2.50 0.44 0.15 City of Tampa MP PILOT.XLSX
Dissolved Organic Carbon PILOT_FILTER_4_EFF 92 mg/L 10/4/2017 3/29/2018 2.84 3.50 2.30 0.44 0.5 City of Tampa MP PILOT.XLSX
Dissolved Organic Carbon PILOT_MIEX_EFF 92 mg/L 10/4/2017 3/29/2018 14.64 26.10 8.20 7.88 0.54 City of Tampa MP PILOT.XLSX
Dissolved Organic Carbon PILOT_RAW 92 mg/L 10/4/2017 3/29/2018 22.37 23.80 20.20 144  0.06 City of Tampa MP PILOT.XLSX



Report Name: Fluoride Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A 9y
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY
Carollo Project Number: 10194A00
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# PILOT_03_EFFyyFluoridey M PILOT_COAG_EFFy¥luoridey A PILOT_FILTER_1_EFFyyFluoridey PILOT_FILTER_2_EFFyFluoridey X PILOT_FILTER_3_EFFyFluoridey ® PILOT_FILTER_4_EFFyFluoridey PILOT_MIEX_EFFyyFluoridey PILOT_RAWyyFluoridey
Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA  Method Analysis ByA Data SourceA
Fluoride PILOT_O3_EFF 92 mg/L 10/4/2017 3/29/2018 0.2 0.3 0.1 0.0 0.23 City of Tampa MP PILOT.XLSX
Fluoride PILOT_COAG_EFF 92 mg/L 10/4/2017 3/29/2018 0.2 03 0.1 00 017 City of Tampa MP PILOT.XLSX
Fluoride PILOT_FILTER_1_EFF 92 mg/L 10/4/2017 3/29/2018 0.2 0.3 0.2 0.0 0.18 City of Tampa MP PILOT.XLSX
Fluoride PILOT_FILTER_2_EFF 92 mg/L 10/4/2017 3/29/2018 0.2 0.3 0.2 0.0 0.18 City of Tampa MP PILOT.XLSX
Fluoride PILOT_FILTER_3_EFF 92 mg/L 10/4/2017 3/29/2018 0.2 0.3 0.2 0.0 0.16 City of Tampa MP PILOT.XLSX
Fluoride PILOT_FILTER_4_EFF 92 mg/L 10/4/2017 3/29/2018 0.2 0.3 0.2 0.0 0.16 City of Tampa MP PILOT.XLSX
Fluoride PILOT_MIEX_EFF 92 mg/L 10/4/2017 3/29/2018 0.2 0.3 0.2 0.0 0.12 City of Tampa MP PILOT.XLSX
Fluoride PILOT_RAW 92 mg/L 10/4/2017 3/29/2018 0.3 0.6 0.2 0.1 0.24 City of Tampa MP PILOT.XLSX



Report Name: Free Ammonia Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A 10y
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY
Carollo Project Number: 10194A00
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA  Method Analysis ByA Data SourceA
Free Ammonia PILOT_O3_EFF 92 mg/L 10/4/2017 3/29/2018 0.1 0.2 0.1 00  0.62 City of Tampa MP PILOT.XLSX
Free Ammonia PILOT_COAG_EFF 92 mg/L 10/4/2017 3/29/2018 0.1 0.3 0.1 01 079 City of Tampa MP PILOT.XLSX
Free Ammonia PILOT_FILTER_1_EFF 92 mg/L 10/4/2017 3/29/2018 0.1 0.2 0.1 00  0.55 City of Tampa MP PILOT.XLSX
Free Ammonia PILOT_FILTER_2_EFF 92 mg/L 10/4/2017 3/29/2018 0.1 0.2 0.1 0.0 0.56 City of Tampa MP PILOT.XLSX
Free Ammonia PILOT_FILTER_3_EFF 92 mg/L 10/4/2017 3/29/2018 0.1 0.2 0.1 00 0.56 City of Tampa MP PILOT.XLSX
Free Ammonia PILOT_FILTER_4_EFF 92 mg/L 10/4/2017 3/29/2018 0.1 0.2 0.0 00 072 City of Tampa MP PILOT.XLSX
Free Ammonia PILOT_MIEX_EFF 92 mg/L 10/4/2017 3/29/2018 0.1 0.4 0.0 0.1 1.06 City of Tampa MP PILOT.XLSX

Free Ammonia PILOT_RAW 92 mg/L 10/4/2017 3/29/2018 0.1 0.2 0.1 0.0 0.53 City of Tampa MP PILOT.XLSX



Report Name: Hardness Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A 11y
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY
Carollo Project Number: 10194A00
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA  Method Analysis ByA Data SourceA
Hardness, total as (CaCO3) titra PILOT_03_EFF 92 mg/L 10/4/2017 3/29/2018 142.0 196.0 86.0 37.4 0.26 City of Tampa MP PILOT.XLSX
Hardness, total as (CaCO3) titra PILOT_COAG_EFF 92 mg/L 10/4/2017 3/29/2018 155.0 206.0 86.0 33.7 0.22 City of Tampa MP PILOT.XLSX
Hardness, total as (CaCO3) titra PILOT_FILTER_1_EFF 92 mg/L 10/4/2017 3/29/2018 141.0 196.0 92.0 344 0.24 City of Tampa MP PILOT.XLSX
Hardness, total as (CaCO3) titra PILOT_FILTER_2_EFF 92 mg/L 10/4/2017 3/29/2018 1416 200.0 84.0 36.8 0.26 City of Tampa MP PILOT.XLSX
Hardness, total as (CaCO3) titra PILOT_FILTER_3_EFF 92 mg/L 10/4/2017 3/29/2018 140.6 202.0 92.0 355 0.25 City of Tampa MP PILOT.XLSX
Hardness, total as (CaCO3) titra PILOT_FILTER_3_EFF 92 mg/L 10/4/2017 3/29/2018 140.6 202.0 92.0 355 0.25 City of Tampa MP PILOT.XLSX
Hardness, total as (CaCO3) titra PILOT_FILTER_4_EFF 92 mg/L 10/4/2017 3/29/2018 140.6 204.0 88.0 371 0.26 City of Tampa MP PILOT.XLSX
Hardness, total as (CaCO3) titra PILOT_MIEX_EFF 92 mg/L 10/4/2017 3/29/2018 146.2 200.0 84.0 322 0.22 City of Tampa MP PILOT.XLSX
Hardness, total as (CaCO3) titra PILOT_RAW 92 mg/L 10/4/2017 3/29/2018 156.4 210.0 84.0 324 0.21 City of Tampa MP PILOT.XLSX



Report Name: Iron Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A 12y
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY

Carollo Project Number: 10194A00
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA  Method Analysis ByA Data SourceA

Iron-ICPMS PILOT_COAG_EFF 92 mg/L 10/4/2017 3/29/2018 2.08 4.12 0.87 0.61 0.29 City of Tampa MP PILOT.XLSX
Iron-ICPMS PILOT_FILTER_1_EFF 92 mg/L 10/4/2017 3/29/2018 4.13 5.98 2.54 0.90 0.22 City of Tampa MP PILOT.XLSX
Iron-ICPMS PILOT_MIEX_EFF 92 mg/L 10/4/2017 3/29/2018 0.22 0.47 0.09 0.10 0.45 City of Tampa MP PILOT.XLSX
Iron-ICPMS PILOT_RAW 92 mg/L 10/4/2017 3/29/2018 0.23 0.48 0.08 0.10 0.46 City of Tampa MP PILOT.XLSX



Report Name: Magnesium Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A 13
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY
Carollo Project Number: 10194A00
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA  Method Analysis ByA Data SourceA
Magnesium-ICPMS PILOT_O3_EFF 92 mg/L 10/4/2017 3/29/2018 4.1 6.0 2.5 09 022 City of Tampa MP PILOT.XLSX
Magnesium-ICPMS PILOT_COAG_EFF 92 mg/L 10/4/2017 3/29/2018 2.5 2.5 25 City of Tampa MP PILOT.XLSX
Magnesium-ICPMS PILOT_FILTER _1_EFF 92 mg/L 10/4/2017 3/29/2018 4.1 6.0 2.5 09 022 City of Tampa MP PILOT.XLSX
Magnesium-ICPMS PILOT_FILTER_2_EFF 92 mg/L 10/4/2017 3/29/2018 4.1 6.0 2.6 0.9 0.21 City of Tampa MP PILOT.XLSX
Magnesium-ICPMS PILOT_FILTER_3_EFF 92 mg/L 10/4/2017 3/29/2018 4.1 59 2.6 09 021 City of Tampa MP PILOT.XLSX
Magnesium-ICPMS PILOT_FILTER_4_EFF 92 mg/L 10/4/2017 3/29/2018 4.1 5.9 2.6 0.9 0.21 City of Tampa MP PILOT.XLSX
Magnesium-ICPMS PILOT_MIEX_EFF 92 mg/L 10/4/2017 3/29/2018 2.4 2.4 2.4 City of Tampa MP PILOT.XLSX

Magnesium-ICPMS PILOT_RAW 92 mg/L 10/4/2017 3/29/2018 4.0 5.9 25 1.0 0.24 City of Tampa MP PILOT.XLSX



Report Name: Manganese Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A 14y
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY

Carollo Project Number: 10194A00
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA  Method Analysis ByA Data SourceA

Manganese-ICPMS PILOT_COAG_EFF 92 mg/L 10/4/2017 3/29/2018 0.01 0.03 0.01 0.00 0.38 City of Tampa MP PILOT.XLSX
Manganese-ICPMS PILOT_FILTER_1_EFF 92 mg/L 10/4/2017 3/29/2018 0.14 0.35 0.03 0.07 0.47 City of Tampa MP PILOT.XLSX
Manganese-ICPMS PILOT_MIEX_EFF 92 mg/L 10/4/2017 3/29/2018 0.01 0.03 0.01 0.01 0.48 City of Tampa MP PILOT.XLSX
Manganese-ICPMS PILOT_RAW 92 mg/L 10/4/2017 3/29/2018 0.01 0.03 0.01 0.01 0.47 City of Tampa MP PILOT.XLSX



Report Name: Nitrate Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A 15y
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY
Carollo Project Number: 10194A00
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA  Method Analysis ByA Data SourceA
Nitrate PILOT_O3_EFF 92 mg/L 10/4/2017 3/29/2018 0.11 0.28 0.03 0.06 0.55 City of Tampa MP PILOT.XLSX
Nitrate PILOT_COAG_EFF 92 mg/L 10/4/2017 3/29/2018 0.13 0.77 0.03 0.12 0.91 City of Tampa MP PILOT.XLSX
Nitrate PILOT_FILTER_1_EFF 92 mg/L 10/4/2017 3/29/2018 0.14 0.35 0.03 0.07 0.47 City of Tampa MP PILOT.XLSX
Nitrate PILOT_FILTER_2_EFF 92 mg/L 10/4/2017 3/29/2018 0.14 0.35 0.03 0.07 0.47 City of Tampa MP PILOT.XLSX
Nitrate PILOT_FILTER_3_EFF 92 mg/L 10/4/2017 3/29/2018 0.16 0.76 0.03 0.11 0.70 City of Tampa MP PILOT.XLSX
Nitrate PILOT_FILTER_3_EFF 92 mg/L 10/4/2017 3/29/2018 0.16 0.76 0.03 0.11 0.70 City of Tampa MP PILOT.XLSX
Nitrate PILOT_FILTER_4_EFF 92 mg/L 10/4/2017 3/29/2018 0.16 0.34 0.03 0.08 0.49 City of Tampa MP PILOT.XLSX
Nitrate PILOT_MIEX_EFF 92 mg/L 10/4/2017 3/29/2018 0.12 0.34 0.03 0.08 0.67 City of Tampa MP PILOT.XLSX
Nitrate PILOT_RAW 92 mg/L 10/4/2017 3/29/2018 0.13 0.39 0.03 0.08 0.62 City of Tampa MP PILOT.XLSX



Report Name: Nitrite Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A 16y
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY

Carollo Project Number: 10194A00
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA  Method Analysis ByA Data SourceA

Nitrite PILOT_O3_EFF 92 mg/L 10/4/2017 3/29/2018 0.01 0.05 0.01 0.01 1.39 City of Tampa MP PILOT.XLSX
Nitrite PILOT_COAG_EFF 92 mg/L 10/4/2017 3/29/2018 0.01 0.04 0.01 0.01 0.93 City of Tampa MP PILOT.XLSX
Nitrite PILOT_FILTER_1_EFF 92 mg/L 10/4/2017 3/29/2018 0.01 0.04 0.01 0.01 0.89 City of Tampa MP PILOT.XLSX
Nitrite PILOT_FILTER_2_EFF 92 mg/L 10/4/2017 3/29/2018 0.01 0.04 0.01 0.01 0.88 City of Tampa MP PILOT.XLSX
Nitrite PILOT_FILTER_3_EFF 92 mg/L 10/4/2017 3/29/2018 0.01 0.04 0.01 0.01 0.91 City of Tampa MP PILOT.XLSX
Nitrite PILOT_FILTER_4_EFF 92 mg/L 10/4/2017 3/29/2018 0.01 0.04 0.01 0.01 0.89 City of Tampa MP PILOT.XLSX
Nitrite PILOT_MIEX_EFF 92 mg/L 10/4/2017 3/29/2018 0.01 0.05 0.01 0.01 1.07 City of Tampa MP PILOT.XLSX
Nitrite PILOT_RAW 92 mg/L 10/4/2017 3/29/2018 0.01 0.01 0.01 0.00 0.00 City of Tampa MP PILOT.XLSX



Report Name: Odor Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A 17y
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY
Carollo Project Number: 10194A00
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA  Method Analysis ByA Data SourceA
Odor PILOT_03_EFF 92 TON 10/4/2017 3/29/2018 1.7 2.5 1.0 0.5 0.28 City of Tampa MP PILOT.XLSX
Odor PILOT_FILTER_1_EFF 92 TON 10/4/2017 3/29/2018 13 2.0 1.0 0.4 0.31 City of Tampa MP PILOT.XLSX
Odor PILOT_FILTER_2_EFF 92 TON 10/4/2017 3/29/2018 13 2.0 1.0 0.4 0.28 City of Tampa MP PILOT.XLSX
Odor PILOT_FILTER_3_EFF 92 TON 10/4/2017 3/29/2018 15 2.5 1.0 0.5 0.33 City of Tampa MP PILOT.XLSX
Odor PILOT_FILTER_4_EFF 92 TON 10/4/2017 3/29/2018 13 15 1.0 0.2 0.18 City of Tampa MP PILOT.XLSX



Report Name: Orthophosphate Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A 18y
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY
Carollo Project Number: 10194A00
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA  Method Analysis ByA Data SourceA
Orthophosphate PILOT_03_EFF 92 mg/L 10/4/2017 3/29/2018 0.0 0.0 0.0 0.0 0.00 City of Tampa MP PILOT.XLSX
Orthophosphate PILOT_COAG_EFF 92 mg/L 10/4/2017 3/29/2018 0.0 0.0 0.0 0.0 0.00 City of Tampa MP PILOT.XLSX
Orthophosphate PILOT_FILTER_1_EFF 92 mg/L 10/4/2017 3/29/2018 0.0 0.0 0.0 0.0 0.00 City of Tampa MP PILOT.XLSX
Orthophosphate PILOT_FILTER_2_EFF 92 mg/L 10/4/2017 3/29/2018 2.8 146.4 0.0 20.1 7.25 City of Tampa MP PILOT.XLSX
Orthophosphate PILOT_FILTER_3_EFF 92 mg/L 10/4/2017 3/29/2018 0.0 0.0 0.0 0.0 0.00 City of Tampa MP PILOT.XLSX
Orthophosphate PILOT_FILTER_4_EFF 92 mg/L 10/4/2017 3/29/2018 0.0 0.0 0.0 0.0 0.00 City of Tampa MP PILOT.XLSX
Orthophosphate PILOT_MIEX_EFF 92 mg/L 10/4/2017 3/29/2018 0.1 0.3 0.0 0.1 0.78 City of Tampa MP PILOT.XLSX
Orthophosphate PILOT_RAW 92 mg/L 10/4/2017 3/29/2018 0.6 23.6 0.0 3.2 5.75 City of Tampa MP PILOT.XLSX



Report Name: pH (grab) Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A 19y
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY
Carollo Project Number: 10194A00
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA Analysis ByA Data SourceA
pH (Field) PILOT_03_EFF 92 U 10/4/2017 3/29/2018 7.45 7.63 7.18 0.13 0.02 City of Tampa MP PILOT.XLSX
pH (Field) PILOT_COAG_EFF 92 U 10/4/2017 3/29/2018 6.34 7.71 3.82 1.06 0.17 City of Tampa MP PILOT.XLSX
pH (Field) PILOT_FILTER_1_EFF 92 U 10/4/2017 3/29/2018 7.29 7.65 6.26 0.20 0.03 City of Tampa MP PILOT.XLSX
pH (Field) PILOT_FILTER_2_EFF 92 U 10/4/2017 3/29/2018 7.30 7.68 6.31 0.19 0.03 City of Tampa MP PILOT.XLSX
pH (Field) PILOT_FILTER_3_EFF 92 U 10/4/2017 3/29/2018 7.46 21.70 6.24 1.52 0.20 City of Tampa MP PILOT.XLSX
pH (Field) PILOT_FILTER_4_EFF 92 U 10/4/2017 3/29/2018 7.28 7.68 6.26 0.21 0.03 City of Tampa MP PILOT.XLSX
pH (Field) PILOT_MIEX_EFF 92 U 10/4/2017 3/29/2018 7.31 7.99 6.65 0.32 0.04 City of Tampa MP PILOT.XLSX
pH (Field) PILOT_RAW 92 U 10/4/2017 3/29/2018 7.43 8.19 6.87 0.33 0.04 City of Tampa MP PILOT.XLSX



Report Name: Sulfate Report Date:A  6/12/2018y
Client: City of Tampa Report Number:A 20y
Project: DLTWTF MASTER PLAN - PILOT PLANT STUDY
Carollo Project Number: 10194A00
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Observations Max Min
ParameterA LocationA (N)A UnitsA Start DateA End Data Avg ValueA ValueA ValueA STDA CovarA  Method Analysis ByA Data SourceA
Sulfate PILOT_03_EFF 92 mg/L 10/4/2017 3/29/2018 62.2 191.4 1.0 62.6 1.01 City of Tampa MP PILOT.XLSX
Sulfate PILOT_COAG_EFF 92 mg/L 10/4/2017 3/29/2018 64.0 191.4 12.5 61.9 0.97 City of Tampa MP PILOT.XLSX
Sulfate PILOT_FILTER_1_EFF 92 mg/L 10/4/2017 3/29/2018 64.1 189.2 10.9 62.1 0.97 City of Tampa MP PILOT.XLSX
Sulfate PILOT_FILTER_2_EFF 92 mg/L 10/4/2017 3/29/2018 61.5 190.2 1.0 61.7 1.00 City of Tampa MP PILOT.XLSX
Sulfate PILOT_FILTER_3_EFF 92 mg/L 10/4/2017 3/29/2018 64.1 190.0 10.5 62.1 0.97 City of Tampa MP PILOT.XLSX
Sulfate PILOT_FILTER_4_EFF 92 mg/