MEMORANDUM

To: Mayor and Council Members /
From: Greg Meszaros, Director, Austin Water
Date: September 19, 2019

Subject: October 2018 Flood Event Engineering Review and Recommendations

As part of Austin Water’s after-action review of the October 2018 Colorado River
Flooding and Boil Water Notice, the Utility commissioned an engineering study of the
event. To conduct the study, Austin Water assembled a team consisting of internal
engineering and operating staff, Carollo Engineers, Inc., and Professors Desmond Lawler
and Lynn Katz of the University of Texas.

Austin Water has completed the study work and | have enclosed the two reports that
were produced. The first, entitled “October 16, 2018 Flood Event Report and Resulting
Recommendations” provides a detailed analysis of the October flooding impacts on
the Utility’s drinking water plants and associated recommendations for improving plant
performance during future events. The second report, entitled “Bench Testing Report”
provides the analytical results of testing various treatment strategies on banked raw
water that was preserved from the October flooding event. The Bench Testing Report
was third party reviewed by Professors Lawler and Katz and provides the analytical
framework for treatment process recommendations. Key findings and
recommendations include the following:

e Raw water conditions associated with the October 2018 flooding were
unprecedented and the duration of raw water upset was significantly longer
than past events.

e To prepare for future extreme turbidity events, Austin Water will need to enhance
treatment options to improve flexibility to operate during water quality upset
episodes. The recommended strategy is to add polymer-based treatment
technologies at all three drinking water plants. The report estimates the capital
cost for a polymer system at approximately $9.3M. Other more capital-intensive
changes, such as the addition of presedimentation basins or a conversion away
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from lime softening, were considered but not warranted based on the results of
the Bench Testing study.

e Improve operator instrumentation capability to precisely measure water particle
charge and adjust treatment processes.

¢ Enhance internal extreme event operating procedures and guidelines to
document lessons learned from the October flooding and provide staff
improved resources to manage future water quality upset events.

Austin Water is expeditiously moving forward with these recommendations. We
have begun the process of developing a scope of services to design and
construct polymer feed systems at all three of our plants. We have placed
orders to purchase zeta-potential meters (a device that precisely measures
water particle charge) to support operations. We have updated internal
procedures and guidelines and will continue to enhance these as we integrate
zeta-potential meters and polymer technologies.

Should you have any questions or would like any additional information please
contact me.

cc: Spencer Cronk, City Manager
Rey Arellano, Assistant City Manager

Attachments: October 16, 2018 Flood Event Report and Resulting Recommendation
Bench Testing Report
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EXECUTIVE SUMMARY

An extreme flood event in October 2018 dramatically changed the characteristics of the raw
water supply to the City of Austin's three Water Treatment Plants (WTPs). The change in raw
water quality was unprecedented based on historical data from previous events. The change in
quality made the water challenging to treat while meeting plant production requirements, and
resulted in the City of Austin (City) issuing a mandatory Boil Water notice on October 24, 2018.

During the flood event, the City retained Carollo Engineers, Inc. (Carollo) to help provide on-site
support at the Ullrich WTP. Carollo's efforts during the flood included: evaluating treatment
plant operations and capabilities to understand limitations and options to operate the plant
while the raw water quality remained challenging to treat; conducting bench tests to assess
treatment options available to the WTP and to support recommendations for WTP operational
adjustments; and, providing technical support, including mobilization of a temporary polymer
feed system to improve treatment at the Ullrich WTP. This report documents observations and
findings from Carollo's engagement at the Ullrich WTP during the October 2018 flood event,
including:

e Theimpact of the flood event on raw water quality, treatability, and residuals handling,

e Limitations of the WTPs to treat the water at full plant capacity,

e Results from bench and demonstration tests conducted during the flood event and
resulting recommendations for operational adjustments,

e Lessons learned from the flood event as well as from other water utilities that
experience similar raw water quality challenges and operate lime softening plants,

e Conceptual level costs to implement recommended process / infrastructure
modifications, and

e Conclusions and recommendations.

The October 2018 flood event resulted in drastic and sustained differences in raw water quality
from what is considered typical at all three of the City's WTPs. The turbidity, a measurement of
the concentrations of particles or solids in the water, increased almost 100-fold within 36 hours
and remained high for several weeks. The turbidity peaked at 415 Nephelometric Turbidity Units
(NTU) and needed to be reduced to 0.3 NTU to meet TCEQ requirements. This change meant
that the WTPs suddenly needed to adjust operations to remove a substantial quantity of solids
from the water prior to distribution to its customers. Coupled with the increase in turbidity was a
decrease in the concentrations of alkalinity and hardness, two parameters that drive typical
operation of the City's WTPs.

Austin’s WTPs are designed to treat Lower Colorado River water as reflected by previous
historical norms. The existing WTP facilities are equipped to adjust several operational set points
to respond to a change in water quality. However, additional tools that are incorporated at other
lime softening plants in the country that experience high turbidity loading similar in magnitude
to the October 2018 flood event are not available at the City's WTPs because there is no previous
precedent that would indicate those tools are needed. As an example, lime softening plants that
treat the Missouri River (nicknamed the "Big Muddy" for apt reasons), incorporate horizontal
collection wells, pre-sedimentation basins, and/or two-stage softening to help remove particles
through the WTP. Some plants also include polymers to aid in particle removal.
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In the absence of those tools, the City needed to make what operational adjustments they could
to produce water to meet customer/system demands. Early in the flood event, City Plant
Operations staff observed improved treatability by increasing the lime dose to achieve a
softened water pH > 10.5, with additional improvement from increasing the ferric sulfate dose.
The City also reduced flow through the WTPs to the extent possible to reduce the surface
overflow rates through each clarifier. Bench testing confirmed that all of these steps (i.e.,
increasing the softening pH, increasing the ferric sulfate dose, and decreasing the flow) resulted
in optimal water quality during the flood event. Bench testing also indicated improved
settleability of the solids with the addition of a coagulant aid polymer, and/or a flocculant aid
polymer. Based on those results, a temporary coagulant aid polymer feed system was
implemented for one of the upflow solids contact clarifiers at the Ullrich WTP with positive
outcomes.

The City made a decision to collect approximately 100 gallons of raw water on October 25, 2018,
when the quality remained challenging with elevated turbidity and depressed alkalinity and
hardness. This turned out to be very beneficial as the “banked” water was used to further assess
recommended operational strategies and required WTP improvements to respond to similar
extreme raw water quality events that may occur in the future. Results from those tests are
documented in the Bench Testing Report (Carollo, 2019) and factored into recommended
improvements presented herein.

The 2018 October flood event reset the bar in terms of the range of raw water quality that may
be observed at the City's WTPs. Further, the event changed expectations in terms of the range of
water quality that the WTPs need to be capable of treating. The following major steps are
recommended for the City to prepare for similar future water quality events:

e Provide additional treatment options to improve flexibility to operate during extreme
weather-related events. Based on observations during the October 2018 flood event and
jar tests with the banked water, the following improvements are recommended:

- Add cationic coagulant aid polymer feed capabilities at the three WTPs.

- Add the capability to feed the same cationic polymer to the filter influent at the
three WTPs.

- Add flocculant aid polymer feed capabilities at the three WTPs.

- Add the capability to feed the same bridging (flocculant aid) polymer to the gravity
thickener influent at Ullrich and Handcox WTPs.

- Class 5 construction cost estimates for the new polymer feed systems are
approximately $9.3 million.

e Develop a water quality event response plan, which includes Standard Operating
Procedures (SOP) for stepwise and incremental adjustments in operations to optimize
treatment in response to the change in water quality.

The recommended improvements represent WTP upgrades that could be made to improve
resiliency to extreme events with only minor infrastructure modifications. While other options
could be (and have) been considered, such as conversion from softening to coagulation or
addition of a presedimentation basin, these improvements would require major changes to
infrastructure that may not be needed nor warranted. The data collected during the October
2018 event as well as subsequent testing using banked water (see Bench Testing Report, Carollo
2019) highlighted the potential for improving resiliency without such drastic changes.
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Abbreviations

AWWA American Water Works Association
Carollo Carollo Engineers, Inc.

CCPP calcium carbonate precipitation potential
cf cubic feet

cfs cubic feet per second

DBP disinfection by-product

DOC dissolved organic carbon

F Fahrenheit

ft feet

ft3 cubic feet

gpm gallons per minute

HCW horizontal collector well

hrs hours

LT2ESWTR Long Term 2 Enhanced Surface Water Treatment Rule
pg/L micrograms per liter

MG million gallons

pg/L micrograms per liter

mg/L milligrams per liter

mgd million gallons per day

NTU Nephelometric Turbidity Units

NOM natural organic matter

PEA polymer - flocculant aid

PEC polymer - cationic

PHD peak hour demand

PS pump station

Ibs pounds

psi pounds per square inch

RO Reverse Osmosis

SCADA supervisory control and data acquisition
SCC solids contact clarifier

SHMP sodium hexametaphosphate

SOP Standard Operating Procedure

SOR surface overflow rate

S.U. standard units

s second

TCEQ Texas Commission on Environmental Quality
TOC total organic carbon

WTP water treatment plant
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INTRODUCTION

An extreme flood event in October 2018 dramatically changed the characteristics of the raw
water supply to the City of Austin's three water treatment plants (WTPs). The change in raw
water quality made the water challenging to treat, impacting the ability of the WTPs to meet the
City of Austin (City) finished water quality goals at full plant capacity. Significant additional
effort from City staff was required to operate the WTPs during the flood event. The City retained
Carollo Engineers, Inc. (Carollo) to help provide on-site support at the Ullrich WTP. Carollo's
efforts during the flood event consisted primarily of the following:

Evaluating treatment plant operations and capabilities to understand options to operate
the plant while the raw water quality remained challenging to treat.

Setting up and conducting bench tests to assess treatment options available to the WTP
and to support recommendations for WTP operational adjustments.

Providing technical support including implementation of a temporary cationic polymer
(PEC) feed system to enhance particle neutralization and removal through the Ullrich
WTP.

This Technical Memorandum documents:

The observed impacts of the flood event on raw water quality and why those differences
impacted the City's ability to operate the WTPs at typical production capacity,
Limitations of existing WTPs including residuals handling facilities constraining plant
production during the flood event,

Results from jar tests conducted during the flood event and resulting recommendations
for adjustments,

Lessons learned from the October 2018 flood event, and

Lessons learned from other lime softening water utilities that experience similar raw
water quality challenges and operate lime softening plants.

Conceptual level cost opinions to implement recommended process / infrastructure
modifications are also presented, along with conclusions and recommendations.
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Section 1

FLOOD EVENT IMPACT ON WATER QUALITY

The October 2018 flood event resulted in drastic differences in raw water quality from what is
considered typical at all three of the City's WTPs. Table 1 displays historical raw water quality
measured at Ullrich WTP compared to the extreme values measured during the flood event. The
raw water quality trends observed at Ullrich were similar at both the Davis and Handcox WTPs.
Figures 1 through 7 display the historical versus the flood event raw water quality for the
following parameters:

e Turbidity.
e pH.
e Alkalinity.

e Hardness.

e Calcium.

e Magnesium.

e Total organic carbon (TOC).

While past significant rain events have resulted in short term spikes in turbidity and TOC
combined with reduced hardness and alkalinity, the magnitude of the flooding, the condition of
the lakes being full, and the duration of the October 2018 event was greater than past events,
making it difficult for the City's WTPs to treat the water at typical flows. A detailed evaluation of
historical water quality is presented in the City of Austin's After Action Report.

Table 1 Historical Raw Water Quality at the Ullrich WTP vs. Flood Event Extremes

Flood
Parameter Event
Extreme

Historical Minimum® 5th 95th
Average® Percentile® | Percentile®

Maximum®

Total Alkalinity

(mg/L as 100 179 138 161 208 229

CaC0os)

pH (SU) 7.92 8.21 7.70 8.10 8.40 8.50

Turbidity (NTU) 415 4.54 0.56 2.03 7.27 125.0

Total Hardness 88 216 144 190 258 280

(mg/L as

CaCos,)

Calcium (mg/L) 29 51 38@ 41 69 78

Magnesium 4 21 10 16 24 262

(mg/L)

TOC (mg/L) 7.78 4.20 3.27 3.45 4.99 12.60
Notes:

(1) Data collected between January 1, 2013 and December 31, 2015.
(2) Discarded June 3, 2013 measurement as potentially erroneous outlier. Next lowest Ca and highest Mg values provided.
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The discussion below lists each of the key water quality parameters and how each one impacted
water treatability during the flood event.

1.1 Turbidity

Turbidity is a measurement of the light-scattering properties of water. Turbidity in drinking
water supplies is commonly caused by the presence of suspended matter, such as clays, silts,
finely divided organic and inorganic matter, plankton, and other microorganisms with the
highest sensitivity being in the 0.1 to 0.5 micron particle range. High turbidity may also correlate
with a high concentration of negatively charged particles which requires destabilization to
facilitate removal by agglomeration followed by settling and filtration treatment processes.
Therefore, turbidity is used as an indicator of drinking water quality and as an indicator of the
efficiency of drinking water coagulation and filtration processes.

The typical average turbidity of the City's raw water is less than 5 NTU. Starting on October 18,
the raw water turbidity at Ullrich WTP increased from 4.8 NTU to 305 NTU over the course of the
first 36 hours of the flood event, as shown in Figure 1. The turbidity finally peaked at 415 NTU on
October 21 and remained well above historical norms for multiple weeks after the flood event.
The increase in turbidity presented several inter-related challenges for WTP operation:

1. The WTPs struggled to maintain low settled water turbidity values. A majority of the
excess turbidity present in the raw water was removed during the softening process and
was incorporated into the precipitated solids, resulting in solids with a lower specific
gravity than typical. A lower specific gravity likely reduced the settling rate of the solids,
requiring a reduction of flow through the WTPs to meet the settled water turbidity
targets. Additional details of the impact of raw water and treatment approaches on
solids density and settleability are provided in Section 5.

2. Higher solids loading to the filters resulted in increased backwashing frequency to meet
filtered water turbidity goals. The increased filter backwashing frequency challenged the
ability of the plant to meet plant production goals.

3. Capacity of the residuals handling facilities was exceeded. The mass of solids removed
through the softening process increased two fold based on calculations accounting for
raw water turbidity and chemical feed during the flood event. The volume of residuals
conveyed to the gravity thickeners and washwater basins also increased due to changes
in sedimentation basin blowdown and filter backwashing frequency as the WTPs
adjusted operations to respond to the different water quality.
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Figurel Raw Water Turbidity - Historical (Left) and Flood Event (Right)

1.2 pH and Alkalinity

pH is an expression of the negative log of the hydrogen ion concentration in water. A pH of 7.0
represents a neutral condition, a pH of greater than 7.0 represents a basic (alkaline) condition,
and a pH of less than 7.0 represents an acidic condition. pH is an important parameter governing
many chemical reactions in water treatment, including softening, coagulation, disinfection, and
disinfection by-product (DBP) formation. The alkalinity (or buffering capacity) of a water supply
moderates changes in pH. In general, the higher the alkalinity, the more resistant the water is to
achangein pH.

The pH and alkalinity of the raw water typically average 8.2 and 180 mg/L as CaCOs,
respectively. During the flood event, pH values were below historical 5th percentile values
(Figure 2), and the alkalinity dropped from approximately 160 mg/L as CaCOs to a low of
100 mg/L as CaCOs, as shown in Figure 3. The low alkalinity of the raw water resulted in
insufficient carbonate (COs) to precipitate the same amount of CaCOj3 that is typical of the
City's WTP softening process.
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Figure 2 Raw Water pH - Historical (Left) and Flood Event (Right)
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Figure 3 Raw Water Alkalinity - Historical (Left) and Flood Event (Right)

1.3 Hardness

Hard water may be characterized as a water that does not lather well, causes scum in the
bathtub, and leaves hard, white, crusty deposits on coffee pots and water heaters. The primary
components of total hardness are dissolved calcium and magnesium ions (divalent cations).
Total hardness is expressed as an equivalent quantity of calcium carbonate (CaCOs). Waters
having less than 75 mg/L as CaCOs are generally considered soft; levels between 75 and 150 mg/L
as CaCOs are considered moderately hard, and levels greater than 150 mg/L as CaCOs are
considered hard.
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Figure 4 shows that during the flood event, total hardness dropped from 190 mg/L as CaCO3 to a
low of 88 mg/L as CaCOs. As expected, the decrease in total hardness was accompanied by a
drastic decrease in the calcium (Figure 5) and magnesium (Figure 6) concentrations in the raw
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Figure 6 Raw Water Magnesium - Historical (Left) and Flood Event (Right)

1.4 TOC

Total organic carbon (TOC) is a measure of the organic carbon, both particulate and dissolved, in
a water. TOC is a useful parameter in gauging natural organic matter (NOM) concentrations in
water. Some TOC constituents are precursors to the formation of requlated disinfection
by-products (DBPs) and can also result in colored water. Increased TOC concentrations generally
result in higher coagulant demand to achieve TOC removal goals.

Figure 7 shows that the TOC concentration doubled during the flood event from 3.44 to a peak of
7.78 mg/L. The TOC slowly decreased for weeks after the event.
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Figure 7 Raw Water Total Organic Carbon (TOC) - Historical (Left) and Flood Event (Right)
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Section 2

LIMITATIONS OF EXISTING WTP FACILITIES

All three of the City's WTPs use lime softening coupled with filtration and chemical disinfection
to treat water from the Lower Colorado River to meet all of the federal and state drinking water
regulations. The City is a long-time member of the Partnership for Safe Drinking Water Program,
historically producing filtered water with turbidities below 0.10 NTU.

Figure 8 and Figure 9 show the process flow diagrams for Ullrich (167 mgd), Handcox (50 mgd),
and Davis (120 mgd) WTPs. The treatment processes for the WTPs are similar with the main
exception being the use of conventional sedimentation basins at Davis WTP in contrast to
upflow solids contact clarifiers at Ullrich and Handcox WTPs. Chlorine and ammonia are added to
the raw water to form chloramines for disinfection. Ferric sulfate is added, typically at a low dose
of approximately 15 mg/L as solution, to assist in organics removal and particle destabilization.
This ferric sulfate solution is approximately 12 percent iron by weight, yielding a typical dose of
1.8 mg/L as Fe. Lime is added after ferric sulfate to raise the pH for precipitative softening of
calcium carbonate (CaCOs) to meet finished water hardness goals. Lime is typically added at the
WTPs to achieve a settled water pH of 10.0 to 10.2, corresponding to a minimum settled water
calcium concentration and minimal magnesium precipitation. The softened water is
recarbonated to a pH of approximately 9.6 prior to filtration to meet finished water stability
goals. Sodium hexametaphosphate (SHMP, a sequestering agent) is also added prior to filtration
to prevent excessive scale formation on filter media, underdrains, and distribution system
piping. The calcium carbonate precipitation potential (CCPP) in finished water from the City's
WTPs is typically 14 mg/L as CaCOs. CCPP is an index that provides an indication of the CaCO3
scale forming tendency of water. The American Water Works Association (AWWA) recommends
a CCPP range of 4-10 mg/L as CaCOs in finished water to minimize pipe corrosion, while avoiding
excessive scale formation (but this recommendation does not consider the effects of SHMP).

At Ullrich and Handcox WTP, solids settled in the solids contact clarifiers are conveyed to gravity
thickeners. Supernatant from the gravity thickener is conveyed to the washwater recovery
basins. The thickened solids are further concentrated through centrifuges. Cake from the
centrifuges is hauled offsite.

Sedimentation basin solids at the Davis WTP are conveyed to an equalization tank. A portion of
the residuals are recycled to the head of the plant, while the remainder is sent to the centrifuges
for dewatering.* Overflows from the solids handling process are routed to the sewer.

Spent filter backwash water at all three WTPs is conveyed to washwater recovery basins. The
decant from the recovery basins is recycled to the head of the plant at less than 10 percent
recycle rate in compliance with the Filter Backwash Recycling Rule.

* Approximately 2/3 is recycled to the head of the WTP and 1/3 sent to the solids dewatering facility
(Source: Davis Water Treatment Plant Solids Management Evaluation. Kennedy Jenks Consultants.
August 20, 2009.
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Table 2 and Table 3 list the design criteria for the clarifiers and filters at the Ullrich and Handcox
WTPs, and the Davis WTP, respectively. Design criteria for the gravity thickeners and centrifuges
are provided in Section 5 along with a discussion of the impact of the flood event on the residuals
handling capacity.

The clarifiers at the Ullrich and Handcox WTPs operate at higher surface overflow rates than
those at the Davis WTP, reflecting the fact that solids contact clarifiers are designed differently
and are capable of higher loading rates compared to conventional sedimentation basins. All
three plants typically operate with mixing speeds selected to keep the relatively dense CaCO3;
solids in suspension to continue growing prior to sedimentation.

Table 2 Design Criteria for Ullrich WTP and Handcox WTP

Max Filter Loading

Clarifier Loading Rate Center Well Mixing

5 A Rate
(gpmft) Energy, G (s") (gpmift)
Ullrich 1.2-1.4 1000 7.6
Handcox 1.6 55 7.6
Notes:

(1) Calculated from turbine speed.
(2) Handcox WTP upflow clarifier O&M manual.

Table 3 Design Criteria for Davis WTP

Sedimentation Basin . o Max Filter Loading
, Flocculation Mixing
Loading Rate e Rate
3 Energy, G (s™) 3
(gpm/ft’) (gpm/ft’)
Stage 1=80
Davis 0.75 Stage 2 =65 5.0
Sage3 =56

Notes:
(1) Davis WTP flocculator O&M manual.

The Ullrich and Handcox WTPs are designed to operate as lime softening plants with operation
targeted towards reduction in hardness. Under typical operation, influent turbidities are low and
hardness is moderate to high. Dense, highly settleable CaCOjs solids are formed in the clarifiers.
The high mixing speed and high surface overflow rate reflect those typical operational
conditions. During the flood event, the influent water quality was not directly conducive to
operating under these original design assumptions. Turbidities were high and hardness was low;
therefore the performance requirements shifted from hardness removal to turbidity removal.
High concentrations of watershed-derived particles that translate to high influent turbidity are
less dense than CaCO; particles and negatively charged. Charge neutralization is a key
mechanisms for removing these negatively-charged particles in the coagulation process,
requiring a different operational philosophy than typical for all three WTPs. Continued operation
to achieve a settled water pH of 10.2 at a low ferric sulfate dose was not sufficient to neutralize
and remove the negatively charged particles associated with the flood event. Thus, the WTPs
either needed to operate at a significantly reduced flow and/or be equipped to neutralize charge
without using ferric sulfate, due to its acidic nature and low density particle production.
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Several aspects of the existing WTP facilities constrained the ability to make operational
adjustments to respond to the change in raw water quality during the flood event. The
characteristics listed below focus primarily on Ullrich WTP since that was where Carollo
engineering staff focused their efforts during the flood event. Where common limitations are
known for the Davis and Handcox WTPs, those similar constraints are noted as well.

e The City's WTPs currently have five variables or "knobs" to adjust for the softening and

sedimentation process:

- Lime dose.

- Ferric sulfate dose.

- Mixing speed.

- Recirculation rate (solids removal rate, duration, and solids concentration in the
center cone).

- Flow (surface overflow rate).

Provision of additional tools to aid in particle destabilization and removal could provide
operational flexibility needed for a more robust process during a similar extreme water
quality event.

e Thefiltration process at the City's WTPs have two primary operational variables:

- Flow (filter loading rate).
- Filter run times before a backwash.

e The clarifierimpellersfturbines at the Ullrich and Handcox WTPs are designed and
typically operated at higher mixing speeds than targeted for a plant designed for
conventional coagulation and removal of higher concentrations of watershed-derived
particles (i.e., higher influent water turbidities) via metal salt (ferric sulfate) coagulation.
Due to constant speed equipment, adjusting the turbine mixing speed requires physical
replacement of mechanical gears, which cannot be done quickly. The inability to quickly
reduce the mixing speed hindered successful operation and conversion to a conventional
coagulation approach, which in theory, could be a successful way to treat water
exhibiting the characteristics observed during the October 2018 flood event as long as
the hydraulic loading rates of the clarifiers were also reduced.

e The capacity of the gravity thickeners were exceeded due to the increase in the volume
and mass of solids that were less settleable than those of typical operation.

e  Filter run times were reduced due to the challenge associated with particle removal in
the clarifiers and carryover of particles. The backwash recovery basins were
overwhelmed by the need to backwash the filters more frequently and the overflow
could not be managed onsite. Additional capabilities to remove those residuals or
reduce the filter solids loading would provide flexibility during a similar extreme water
quality event.
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One of the operational changes that worked during the flood event was to add sufficient lime to
promote magnesium hydroxide (Mg(OH),) precipitation (corresponding to a settled water pH >
10.5). However, a drawback of this operational approach was the potential for CaCOs re-
precipitation in the filter influent water as illustrated in Figure 10. This operational approach
resulted in a higher calcium concentration in the settled water because all of the raw water
carbonate was exhausted. Because of the higher calcium concentration and settled water pH, a
lower recarbonation pH was required to limit the precipitation of CaCOs particles in the settled
water prior to filtration. Recarbonation adds carbonate back to the water. During the flood
event, the CO; feed system capacity limited the ability to add sufficient CO; to reduce the pH
and prevent CaCOs from precipitating in the filter influent water during operation at higher
softened water pH. Due to kinetics of the precipitation process, even with sufficient
recarbonation capacity, precipitation may still occur as the pH is reduced. Precipitating minerals
on the filter media could impact processes by reducing filter runtimes and increasing headloss.

Figure10  Precipitation in Filter Supernatant

Section 3

BENCH-SCALETESTS

Testing was conducted during the flood event both at bench- and full-scale to identify optimal
operational conditions to keep the plants running to meet system demands and TCEQ finished
water quality requirements. Tests focused on operational conditions that could be rapidly
employed during the flood event and included an assessment of the optimal lime and ferric
sulfate dose, solids contact clarifier recirculation and blowdown rate, and the use of coagulant
and flocculant aid polymers. Table 4 shows the raw water quality during bench scale testing. The
turbidity was highest on the first day of testing and gradually decreased as the impact of the
flood event on water quality lessened throughout the next 10 days. Likewise, the hardness
concentration was lowest on the first day of testing and gradually increased over the next

10 days.
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Table &4 Raw Water Quality during Bench Scale Testing

Parameter 10/23 10/24 10/25 10/26 ‘ 10/29 ‘ 10/31 ‘ 11/1 ‘ 11/2

pH, s.u. 8.00 7.99 8.01 8.01 7.99 7.96 7.97 7.96
Turbidity,

NTU 199 118 124 98 84 54 L4 ---

Alkalinity,

mg/L CaCO5 114 100 103 101 103 107 108 111
Total

Hardness, 94 98 96 100 108 116 112 122
mg/L CaCO;

180T 28 31 29 30 32 34 38 34

mg/L

TOC, mg/L --- 7.78 --- 5.82 5.56 --- 5.46

The 2-liter jars of a standard jar test apparatus have a sample tap located 10 cm below the top of
the water to allow the sampling of small quantities of settled water for turbidity measurements.
The location of the tap facilitates sample collection and analysis of settled water turbidity at
times that correspond to the surface overflow rate in the WTP clarifiers, depending on plant
production rates. Table 5 shows the settling time versus simulated surface loading rate.

Table 5 Simulated Surface Loading Rate for Jar Testing
Settling Time (minutes) | Simulated Surface Overflow Rate (SOR, gpm/ft?)®
4 0.61
5 0.49
6 0.41
10 0.25
20 0.12
Notes:

(1) Sample port located 10 cm below the water surface.

The 2-L jars used for testing are not a perfect representation of solids contact clarifiers, since in
jars, solids are only formed in a batch after chemical addition and solids do not build size over
time. In solids contact clarifiers, solids are continuously formed and recirculated to achieve high
solids concentrations and size. However, jar tests are still useful as a benchmark for relative
comparison of settleability between different treatment options.
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3.1 Softening at pH > 10.5

Early in the flood event, City process engineers observed improved settleabilty by adding lime to
achieve a softened water pH > 10.5, with additional improvement from increasing the ferric
sulfate dose. Jar tests were conducted to assess whether similar results were observed when
compared to a range of conditions for lime and ferric sulfate addition. Figure 11 and Figure 12
show that softening in the high pH range where Mg(OH); precipitates (i.e., pH > 10.5) resulted in
lower settled water turbidity. Decreasing the surface overflow rate (SOR) from 0.56 gpm/sf to
0.40 gpm/sf improved settled water quality, reducing the settled water turbidity by
approximately half. Increasing the ferric sulfate dose from 80 to 180 mg/L as solution did not
have a large impact on settled water turbidity. Variations of the same test were conducted
almost every day to confirm that those same operating conditions continued to result in optimal
settled water turbidity.
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Figure1l  Impact of Ferric Dose (High Range), SOR, and pH on Settled Turbidity - 10/23/18
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Figure12  Impact of SOR and pH on Settled Turbidity - 10/24/18

On October 25, 2018, lower ferric sulfate doses were tested to assess whether the WTPs could
reduce the dose in response to the gradually lower raw water turbidity. Figure 13 and Figure 14
show that increasing the ferric sulfate dose from 20 to 60 or 80 mg/L as solution, increasing the
pH to over 10.5, and decreasing the surface overflow rate from 0.56 gpm/sf to 0.4 gpm/sf
continued to improve settled water turbidity. The tests showed no clear benefit of operating at
80 versus 60 mg/L ferric sulfate as solution.
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Figure13  Impact of Ferric Dose, SOR, and pH on Settled Turbidity - 10/25/18
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Figure 14  Impact of Ferric Dose, SOR, and pH on Settled Turbidity - 10/26/18
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As the water quali