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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 I 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: 
 

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

 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.  

 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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Abbreviations  
  

Carollo  

CCPP calcium carbonate precipitation potential 

cf cubic feet 

cfs cubic feet per second 

DBP disinfection by-product 

DOC  

  

ft feet 

ft  cubic feet 

gpm gallons per minute 

  

  

  Rule 

 micrograms per liter 

 million gallons 

 micrograms per liter 

 milligrams per liter 

mgd million gallons per day 

 Turbidity nits 

 natural organic matter 
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Table and Table compare operation of the thickener and centrifuges at Ullrich and Handcox
WTPs under typical conditions to residuals handling conditions that may occur during future
flood events. Based on calculations shown in Table , both of the design parameters (i.e., solids
and hydraulic loading rate) will be exceeded at UllrichWTP during a flood event. Feeding PEA
polymer to thickener influent will improve settling and will allow the thickener to operate at
higher solids and hydraulic loading rates (approximately double typical rates). Therefore, it is
recommended to feed PEA polymer to the thickener influent to improve thickener performance
during flood events.

The increase in solids produced during flood events will also impact centrifuge operations. Based
on calculations shown in Table , the proposed operation strategy should allow the solids to be
processed if the centrifuges are operated hours per day. However, the hauling requirements
at eachWTP approximately double.

Table Gravity Thickener Operation

Parameter Ullrich Handcox

No.

Diameter (ft)

Normal Operation
Solids Loading Rate (dry lbs/ft /day)
Hydraulic Loading Rate (gpd/ft )( )

( )

Flood Event Operation ( mg/L ferric sulfate; Softening pH = . )
Solids Loading Rate (dry lbs/ft /day)( )

Hydraulic Loading Rate (gpd/ft )( )

Proposed Future Flood Event Operation ( mg/L ferric sulfate;
mg/L PEC; Softening pH = . )

Solids Loading Rate (dry lbs/ft /day)( )

Hydraulic Loading Rate (gpd/ft )( )

Notes:
( ) At mgd; dry lbs./ft /day@ mgd.
( ) At % solids and max flow rate ( mgd for Ullrich and mgd for Handcox). Loading rate for Handcox@ mgd =

gpd/ft .
( ) At mgd at Ullrich and mgd at Handcox.
( ) At % solids and max flow rate ( mgd for Ullrich and mgd for Handcox).
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Adding CO prior to the softening process would allow the plants to precipitate more of the
dense, fast settling CaCO solids during a flood event. NaOH addition in conjunction with CO
may be needed, depending on the chemical dose and feed location to achieve pH greater than
for chloramine formation without forming di and trichloramine. Adding NaOH for pH
adjustment would also enable theWTPs to dial in a target finished water alkalinity. Based on
bench testing with banked water (see Bench Test Report, Carollo ), CO and NaOH addition
is not recommended at this time. However, costs are included should a future event prompt the
City to reconsider CO and/or NaOH addition.

The assumptions specific to the carbon dioxide and sodium hydroxide system costs are:

CO dose requirements: mg/L (based on precipitating an additional mg/L of
calcium carbonate in order to match or exceed "typical" calcium carbonate removal).
NaOH dose requirements: mg/L (based on achieving finished water CCPP of

mg/L as CaCO with a finished water pH of . .
New CO feed points can utilize existing storage to feed new points.
Carbon dioxide storage is based on day storage at maximum use. Existing storage
available for new feed points assumes day storage at maximumHandcox design dose
( mg/L) and % plant capacity. Estimated storage requirements include:
- Approximately tons of additional storage required at Davis.
- No additional storage required at Handcox. CO systemwas designed for future

expansion.
- Approximately tons of additional storage required at Ullrich.
NaOH systemwill only be constructed if a new CO system is constructed, not as a
standalone system.

Table A. outlines the costs associated with expanding the CO system at eachWTP.

Table A. outlines the costs associated with implementing a NaOH system in addition to
expanding the CO system at eachWTP. The total estimated cost for expansion of the CO
system at each all threeWTPs is approximately . million. The total estimated cost for
expansion of the CO system and the addition of a NaOH system at each all threeWTPs is
approximately . million.
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Table A. Cost Estimate for CO System Improvements

Element Davis Handcox Ullrich

General Conditions( ) , , ,

Chemical Storage Containment Area( ) , ,

Process Mechanical( ) , , , , ,

EI&C Allowance , , , ,

Total Direct Cost  , ,    , ,    , ,   

Unidentified Key Elements ( %) , , , , ,

Contractor OH&P ( %) , , ,

Total Construction Cost  , ,    , ,    , ,   

Allowance for Change Orders ( %) , , ,

Total Estimated Project Cost  , ,    , ,    , ,   
Notes:
( ) General conditions assume: month duration with full time project manager, superintendent, and field engineer; a half

time clerk; , for mobilization/demobilization; a construction trailer for months at , per month; and bonding
and insurance for . % of the project direct cost.

( ) Handcox requires no additional storage.
( ) Process mechanical costs assume feed points for Davis ( x for basins), feed points for Ullrich ( x for basins) and

feed points for Handcox ( x for basins).
( ) Electrical costs and instrumentation costs are assumed to be % and %, respectively, of the direct cost of equipment

requiring electrical and instrumentation design (e.g., pumps, level monitoring for storage tanks, etc.).
( ) Handcox WTP does not require additional storage.

Table A. Cost Estimate for CO and NaOH System

Element Davis Handcox Ullrich

General Conditions( ) , , ,

Chemical Storage Containment Area( ) , , ,

Process Mechanical( ) , , , , , ,

EI&C Allowance( ) , , , , ,

Total Direct Cost  ,    , ,    , ,   

Unidentified Key Elements ( %) , , , , ,

Contractor OH&P ( %) , , , , ,

Total Construction Cost  , ,    , ,    , ,   

Allowance for Change Orders ( %) , , ,

Total Estimated Project Cost  , ,    , ,    , ,   
Notes:
( ) General conditions assume: month duration with full time project manager, superintendent, and field engineer; a half

time clerk; , for mobilization/demobilization; a construction trailer for months at , per month; and bonding
and insurance for . % of the project direct cost.

( ) Handcox storage containment area requirements only include the containment area for NaOH.
( ) Process mechanical costs assume feed points for Davis ( x for basins), feed points for Ullrich ( x for basins) and

feed points for Handcox ( x for basins).
( ) Electrical costs and instrumentation costs are assumed to be % and %, respectively, of the direct cost of equipment

requiring electrical and instrumentation design (e.g., pumps, level monitoring for storage tanks, etc.).
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EXECUTIVE SUMMARY
InOctober , the City of Austin (City) experienced a flood event that resulted in significant
and persistent changes in the raw water quality to its threeWater Treatment Plants (WTPs). The
flood event resulted in raw water quality characterized by higher turbidity and total organic
carbon (TOC) concentrations, and lower alkalinity and hardness than historically observed at the
WTPs. The change in water quality challenged the ability to operate the City's WTPs to meet
demands while complying with federal and state drinking water regulations and City water
quality goals.

During the flood, Carollo Engineers, Inc. (Carollo) provided onsite support to the City at the
Ullrich WTP, conducting bench testing and providing input on operational adjustments that
could improve the ability to treat the water. Observations and recommendations from that
experience are provided in the October , Flood Event Report and Resulting
Recommendations (Carollo, ). During the event, the City collected gallons of raw water
from the Ullrich WTP on October , to store for future testing. This water, referred to as
"banked" water, was stored in a low temperature environment to preserve the integrity of the
sample. Based on input from the City and Professors Desmond Lawler and Lynn Katz from the
University of Texas at Austin (UT Austin), Carollo conducted extensive bench testing on the
collected water to further vet operational strategies that showed promise during the flood and to
test additional strategies to treat the water during similar extreme raw water quality events. This
report presents results from those tests and provides recommendations for treatment strategies
to improve the ability of the City's WTPs to treat challenging source water during future flood
events. Additional detail and conceptual level cost estimates of the recommended strategies are
included in the October , Flood Event Report and Resulting Recommendations (Carollo,

).

Prior to conducting the bench testing, the water was tested to monitor changes in water quality
that might have occurred during temperature controlled storage. Baseline testing was also
conducted to confirm trends from tests performed during the flood event at the Ullrich WTP.
Baseline testing confirmed that softening at higher pH values, consistent with conditions
appropriate for Mg(OH) (s) precipitation, and feeding higher doses of ferric sulfate resulted in
improved turbidity and TOC removal in the BankedWater when compared to operation at
historical setpoints.

Additional bench testing (beyond what was discussed in the October , Flood Event
Report and Resulting Recommendations) was conducted to evaluate additional treatment
strategies that were not available to the operations staff during the flood event. The four
identified strategies selected for study included:

Addition of coagulant aid polymer (PEC).
Addition of flocculation aid polymer (PEA).
Addition of carbon dioxide and sodium hydroxide to promote conditions suitable for
precipitation of solids typical of those formed during normal operations.
Enhanced coagulation with ferric sulfate.



BENCH TESTING REPORT | PROCESS TREATMENT RECOMMENDATION | CITY OF AUSTIN 

 |  |  

The testing demonstrated that the optimal strategy to treat challenging raw water during a 
 while maintaining a typical ferric sulfate 

 
  

Based on the additional 
the settleability and filterability  

  
 

ution for the polymer tested in the  
 -  
   

 

 
and maintains treatment 

sulfate dose 
impleme

 and calcium carbonate precipitation potent CCPP
 

 



BENCH TESTING REPORT | PROCESS TREATMENT RECOMMENDATION | CITY OF AUSTIN 

 |  |  

Abbreviations  
CaCO  calcium carbonate 

CaO  

Carollo  

CCPP calcium carbonate precipitation potential 

cf cubic feet 

cfs cubic feet per second 

CO   

DBP disinfection by-product 

 energy- -ray spectroscopy 

  

ft feet 

gpcd gallons per capita day 

gpd/ac gallons per day per acre 

 micrograms per liter 

 liter 

 million gallons 
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mgd million gallons per day 
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psi  

 scanning electron micrograph 
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TOC total organic carbon 
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Conduct initial testing to determine the operational baseline with Typical Water quality
(typical) as well as with the stored water from the flood. Baseline testing with stored
water was also conducted to confirm trends from previous tests conducted during the
flood event, including the impact of softening pH (magnesium removal) and increased
ferric sulfate addition.
Conduct jar testing to evaluate the impact of coagulant aid polymer (PEC) addition.
Conduct jar testing to evaluate the impact of flocculation aid polymer (PEA) addition.
Conduct jar testing to evaluate the impact of adding carbon dioxide (CO ) and sodium
hydroxide (NaOH) as a strategy to precipitate a greater mass of CaCO solids and
operate closer to typical softening conditions in terms of the composition and density of
solids generated.
Evaluate the impact of enhanced coagulation without softening.

Details of the bench testing approach are provided in Appendix A. Combinations of mL and
L jars were used. The smaller jars were used to evaluate the effect of water chemistry,

chemical selection, and doses on coagulation, while conserving the stored water. Larger L
Gator jars were used to assess physical parameters such as the impact of different test
conditions on settleability of the solids. In the majority of the jars, the mixing speed (G value)
during coagulation was set at close to sec (correlating to rpm in the L Gator jars) to
mimic operation at the Ullrich WTP. However, slower mixing speeds were used in some jars to
assess mixing at lower G values. The test conditions are listed on the graphs so that each graph
can be independently examined without the report.

The following parameters were analyzed in each of the tests:

pH,
alkalinity,
settled water zeta potential,
settled water turbidity,
calcium,
magnesium,
iron,
silica (SiO ), and
Total organic carbon (TOC).

For some jars, the UV absorbance at nanometers (nm) was also measured. In a select set of
jars, scanning electron micrograph (SEM) images were taken of the solids to assess the impact of
different operational conditions on particle size and morphology.

Zeta potential was also measured in settled water from all of the jar tests. Zeta potential is a
measurement of the surface charge of particles using an instrument that induces a current in the
water sample and measures the movement of particles towards the positive and negative poles.
During the flocculation/sedimentation process, particles with a near neutral surface charge are
more likely to aggregate and fall out of suspension, or be removed subsequently by filtration.
Particles with a negative (or positive) surface charge will repel each other, hindering aggregation
and removal. Therefore, zeta potential can be used to help determine the effectiveness of
treatment chemicals or processes in neutralizing negatively charged raw water particles as a first
step to facilitate removal through sedimentation and filtration.
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The sections below follow the outline for testing, presenting results from the initial water quality
analyses (Section ), baseline testing (Section ), and tests evaluating different improvement
strategies (Section ) such as PEC, PEA, and CO and NaOH addition or conversion to enhanced
coagulation. Section presents information on the finished water stability depending on the
operational conditions. Section presents the recommended treatment approach based on the
test results and findings from the October flood.2

WATERQUALITY

Two types of water were used during bench testing:

"BankedWater" raw water that was collected from the Low Service Pump Station at
the Ullrich WTP during the flood event on October , and stored in a refrigerated
trailer until use. The BankedWater was used for the majority of the tests to assess the
impact of treatment strategies to respond to similar future flood events.
"Typical Water" Lake Austin water collected from the Low Service Pump Station at
Ullrich WTP on January and February , . At the time, this water was
representative of what has historically been observed in Lake Austin.

Before using the BankedWater, samples were collected and analyzed to determine if the water
quality changed while the water was held in cold storage (~ degrees Celsius). Table compares
the original water quality recorded by Austin Water when the BankedWater was collected, and
results from analyses conducted on the BankedWater after it had been stored for approximately
months. Also shown are the water quality extremesmeasured during the flood event as well as

the historical Lake Austin average water quality. As can be seen in the table, the water quality of
the BankedWater was not significantly changed by long term cold storage. The TOC in the
banked water may have changed slightly. However, the water sample analyzed on / /
was collected on / / , whereas the banked water was collected on / / . Therefore,
TOCmay have decreased in storage, and/or may have been lower upon sample collection.
Regardless, TOC concentrations in the banked water remained above historical average TOC
concentrations and the experiments with banked water can be considered as being conducted
on the 'same' water theWTPs were treating during the flood event.

2 Ibid.
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BENCHTESTINGTO EVALUATETREATMENT
IMPROVEMENT STRATEGIES

Bench testing was conducted to investigate the effectiveness of four potential treatment
improvement strategies. The strategies identified by the project team for further evaluation
included:

Addition of coagulation aid polymer (PEC).
Addition of flocculation aid polymer (PEA).
Addition of carbon dioxide and sodium hydroxide to the softening process.
Enhanced coagulation without softening.

Coagulant aid polymers (PEC) can range from low to high molecular weight and are typically
cationic. The charge of cationic PEC polymer is opposite that of the particles in Lake
Travis/Austin water (which are negative). Therefore, adding PEC polymer can displace the
requirements for ferric sulfate addition or magnesium hydroxide precipitation and aid in charge
neutralization and coagulation/flocculation, and improve settling. During the flood event,
operation with relatively high ferric sulfate doses ( mg/L) and softening at a high pH
(pH > . ) was required to neutralize charge and improve settling and filterability. Bench testing
using the BankedWater was conducted to determine if PEC could be used to reduce the ferric
sulfate dose to a more typical value (e.g., mg/L) while maintaining softening operations at
pH . . In essence, this operational strategy focused on use of lime to achieve softening and
pH goals, iron for organics removal, and PEC for charge neutralization. This operational strategy
is expected to result in more settleable solids, reduce the total sludge volume, and not consume
as much alkalinity (ferric sulfate is acidic and consumes alkalinity) compared to the operation
approach used during the flood event. This approach also does not removemagnesium, which
may help maintain the integrity of the scale in the distribution system4.

Figure shows the results of zeta potential titrations with ferric sulfate and various PECs tested
with the BankedWater. Approximately mg/L of ferric sulfate (with no pH adjustment) was
required to neutralize charge (zeta potential of mV). Significantly lower doses of PEC, ranging
between to mg/L as solution, were required (Figure ). Therefore, adding a small dose of
PEC can neutralize a large amount of charge and decrease the required ferric sulfate dose or
amount of magnesium precipitation required. Similar results were observed during testing in
October during the flood event (October , Flood Event Report and Resulting
Recommendations). To neutralize the same charge, ferric sulfate generates more than times
the solids when compared to cationic polymer.

4 Distribution system scale is predominately composed of magnesium silicate material (Morabbi, M.
and Clark, S. . Methods for Assessing the Effects of pH Reduction on Lime Softening Distribution
Systems." City of Austin Water andWastewater Utility. Austin, Texas)
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The order of chemical addition is also important when feeding PEC. Figure compares the zeta
potential observed from feeding: ) mg/L of ferric sulfate, ) mg/L of PEC, ) mg/L PEC

seconds upstream of mg/L ferric sulfate, and ) mg/L ferric sulfate seconds upstream
of PEC. These results indicate that the optimal location of PEC feed is downstream of ferric
suflate addition. Figure compares the resulting zeta potential from feeding ferric sulfate/PEC
simultaneously to feeding ferric sulfate seconds and seconds prior to PEC. A benefit to
charge neutralization was observed when separating the ferric sulfate and PEC addition from
zero to seconds. This observation may be a result of the cationic polymer adsorbing to the
iron floc particles, which are likely negatively charged at the pH values tested. However, no
additional benefit to charge neutralization was observed from increasing the separation
between ferric sulfate and PEC to seconds. During an event, adopting this sequence of timing
of chemical addition would reduce the polymer dose by approximatley mg/L of polymer (based
on the zeta potential presented in Figure and comparing a Zeta Potential of mV versus a
Zeta Potential of . mV).

Figure Impact of Order of PEC Addition on Zeta Potential
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4.2.1   Iterative Generation of Solids 

To better simulate an upflow solids contact clari
was ing  the chemical feed to the first iteration 
includ sulfate 

 
ft   of ferric sulfate was dosed 

 
were then led water turbidity during this 

 and with  are shown 
in e ter turbidity upon 

-percent solids 
maintained in the full- -percent   in 
These results indicate that: 

 

 
  
  
 These were the only tests that matched normal operating settled water turbidities 

 
 

 

tment approach to reducing the settled water turbidity 
includes: 

 - erric sulfate addition prior to to 
  

 to the clarifier center well to further aid in settling the 
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During the October flood, the raw water alkalinity and hardness concentrations dropped
well below historical norms, resulting in little carbonate or calcium available for precipitation of
CaCO solids. The ability to add carbon dioxide (CO ) and potentially caustic soda (NaOH) prior
to softening was identified as a potential approach to allow theWTPs to operate closer to typical
conditions during a similar extreme raw water quality event while simultaneously maintaining
finished water alkalinity goals. This operational scenario would result in precipitation of more
calcium carbonate solids which would increase the specific gravity and settleability of the solids
during a flood event (assuming the same size particles). NaOH addition would allow the
operators to dial in the settled water alkalinity if needed to meet finished water stability goals,
and could provide flexibility in terms of where CO is added.

Figure shows potential locations where CO and NaOH could be added at the Ullrich WTP.
Part A shows CO addition after ammonia, but prior to ferric sulfate addition. In the absence of
NaOH addition, CO would need to be added after ammonia to avoid formation of dichloramine
at low pH conditions. Part B shows CO and NaOH addition after chlorine but before ammonia.
Other alternatives are possible for CO and NaOH addition. Under either scenario (with or
without NaOH), polymers (PEC and PEA) would also be added.

Figure Potential Locations for CO and NaOH Addition at UllrichWTP
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CO  
particle settleability  s also added in some of the 
test  and some tests were conducted with center well solids collected from either the Ullrich or 

impact of CO  under solids contact conditions  Table  
  

 

Table  mpact of CO   

  
CO  Dose 

     

 
 -  -     

   -     

  -  -  -    

 
 -  -     

 dose was used as a baseline for assessing the impact of CO  addi
corresponds to th total carbonate concentrations during the 

 CO  addition was simulated by 

 were added depending on the target test condition
e dose was determined based on the 

 

A  

 
-  

translated to an increased mass of CaCO  
-  addition resulted in close to the same amount of CaCO precipitated as with 

  
esult in water with a differen Addition of CO  also 

increased the degree of saturation at the initiation of softening  

The greater mass of CaCO precipitated translated to a higher calculated solids density for the 
s to which CO  
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CO2 Addition
Date: 2/22/2019 13:00
Water: Collected from Ullrich WTP raw water sample location on 10/25/2018.
Test Objectives: Determine the impact on settlability of banked water when adding carbonate in the 
form of CO2
Protocol: The addition of CO2 was simulated through the addition of sodium bicarbonate (NaHCO3) 
and hydrochloric acid. The acid was dosed to simulate the pH anticipated from adding CO2. The 
required acid dose was determined based on RTW modeling. After adding CO2 to the raw water (200
mL) in a jar test apparatus at a low rpm and measuring pH, 15 mg/L ferric sulfate was added at 200 
rpm. After 30 seconds of rapid mixing, the rpm was reduced to 55 to target a G-value of 55 s-1. The jar 
test ran at 55 rpm for 30 minutes, and was allowed to settle for 30 minutes before sample collection.
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-
illustrated in  -

CO   
the addit

regardless of CO   

help the City respond t  

 

 Turbidity 

As illustrated in  on may 
not be needed to  could 

 and  
would  ation of ammonia addition by 
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4.4   Enhanced Coagulation 

enhanced coagulation with higher ferric sulfate doses while maintaining a 
 

- as needed by adding lime
 

 
-  also shows a data point from softening at 

optimal con
 

 of 
  

shows that increasing the ferric sulfate dose generally resulted in a more neutral settled water 
 

-  
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 a  -  

Operating with enhanced coagulation conditions would not be feasible at full-scale due to the 
settling time of  ferric soli -

demonstrate shearing of the ferric 
 

earing o

the 

implemented at the end of the treatment process  

4.5   Summary 

t: 

 Addition of coagulation aid polymer  
 Addition of flocculation aid polymer  
  
  without softening  
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-scale during the flood 

optimal strategy 

additional settleability  is recommended 
: 

  
 

solution for the polymer tested and the  
 -  
 solids contact clarifiers at Ullrich and 

  

 operations during 
both normal and storm conditions are discussed in  
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Section 5 

 

 re-dissolution of 

carbonate precipitation potential of 6 The City adds sodium 
calcium 

carbonate scale pipe scales 
are primarily composed of a magnesium silicate mineral identified as either chrysotile or 

7 8 est practices to reduce the potential for a disruption 
in pipe scales are to:

  
   
 

 changes in the finished water magnesium 
and  

Table  
operating scenarios that were implemented at full-
and/or were tested in the laboratory on  as a potential option to respond to similar 

 All of the scenarios result in estimated finished water 
  

oftening  results in lower  
- 

finished water buffering capacity and reduces 
potential impacts of chemical or microbial reactions   

 ghtly lower silicate concentrations -

odeling 
  may help elucidate the impact of the 

different operational scenarios on the solubility of the magnesium silicate scale
-  

                              
6 

 
7 

 
8 

ty of Austin -  
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Table   

Parameter 
 

- 
 

- 
with CO  

- 
CO   

 
 

-  

Plant Operation 
 -  -  -  -  tening 

      

 
 

     

      

Recarbonation 
CO  dose       

Post-
 

     

 
     

 
     

 
     

      

      

CaCO  
     

 
 Calculated using rosion Control and Process Chemistry  
  
 “

” City of Austin –  
 Dosed to target post-  

Section 6 

R  

A  ing 

closer to the rated 
recommended: 

  to the filter influent 
to act as a filter aid polymer  
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PEC should be added after ferric sulfate, with the chemical addition points ideally
separated by seconds or greater.
Measure zeta potential of settled water to confirm the PEC dose required to neutralize
charge. Over time the correct zeta value will be determined but an initial target would
be between and + mV.
Provide the ability to add PEA to the center well of the upflow clarifier at doses ranging
from . to mg/L. This type of polymer requires activation.

Several additional operational scenarios were confirmed:

Ferric sulfate addition at doses close to the typical operational condition is beneficial
and should bemaintained.
Continue to soften at pH . .
Maintain solids in the center well since improved settling rates were observed in the
iterative jar tests with BankedWater. PEA can provide additional settleability especially
when solids in the center well cannot be maintained.

The tests with BankedWater also confirmed that the following scenarios are not preferred:

Enhanced coagulation at lower pH ( ).
Enhanced softening (i.e., softening at pH > . ).
Feeding CO and caustic upstream of softening.

The recommended approach requires minimal WTP improvements and maintains operations
(i.e., ferric sulfate and softening pH) near typical operation. Therefore, this approach is more
easily implemented than strategies that would require a complete shift from normal operations.
The recommended approach also results in finished water similar to that of typical operations
with respect to pH and CCPP, thereby minimizing potential re dissolution of existing scale in the
distribution system.

The impact of an extreme rain event / flood can vary depending on the intensity, duration, and
portion of the watershed that is affected. Thus, a critical step for the City's response to an event
will be to test the raw water quality and use zeta potential to determine the optimal PEC dose
since either underfeeding or overfeedingmay result in poor performance. Those tests could be
supplemented by jar testing with raw water and center well solids and/or close analysis of settled
water turbidity and zeta potential, and filtered water turbidity, with incremental changes in PEC
and PEA dose. These tests are recommended to inform plant operations since raw water quality
likely deteriorates rapidly during a flood event and then improves slowly (i.e., weeks) after a
storm passes through.
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Section 1 

 

- and full-

coagulant and flocculant  

T raw 

to meet  

  
 

 

Testing will be completed in tw

c

 results  

 document  

Section 2 

 

 

  
  ally constructed mixing paddles  
  -

 
Titration apparatus fo including prepared acid solution
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 - and Fe analysis and associated standard solutions for instrument 
calibration  

  
  
  
 Trace met  
  
  
 Analytical grade sodium bicarbonate  
  
 Miscellaneous glassware  
 lab use  

and will be used by Carollo 
 

 aw water  
  gallons of raw water sample 

 
  apparatuses  
 -  
 Ferric sulfate  

  

  and sample cell  
  
 One  
  
  -

 
 forty four 

septa  
 Analytical grade c   
  
 -  
 -  
 -mL syringes  
 -mL syringes  
 -mL syringes  
 -mL syringes  
 -  
 Two timers  
 One measuring spoon  
 Paper towels  
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Section 3 

 

3.1 Jar Testing 

Two types of tests will be conducted   
-

s will be conducted to 

  

 -liter 
 t correlate mixing 

-
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s outlined below: 

  will be prepared as follows: 
- Lime slurry will be prepared by adding a 

 
 

 
- Ferric sulfate  
- icals obtained fr   
- Caustic and sodium bicarbonate solutions will be prepared from reagent grade 

 
 wo liters of 

 e settleability tests  
-  seconds-  for  seconds during 

  will 
generally follow ms from  

Austin  Additional details on 
   

  
- For most tests on conditions will be as follows: 

 X sec-  recirculation speed 
clarifiers   

 

 
 -   
 -   
 -   

 

in  
-  flocculation conditions

 
 

 
 Following w  

turbidity and  samples will be 
 and 

Table  
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Table   -  

  

  

  
 

 int locat  

  

Table   

Parameter La   
   

  mL 

TOC   mL 

- Ca
and  

 
 

  mL 

Zeta Potential  mL 

Turbidity   mL 
 Calculation  

ass Calculation  

 
Calculation  

Total sampl  -  
 

  
 μ -rinsed 

 
  
 

 

3.2 Baseline Testing 

Testing will be conducted to: 

  
sulfate dose   

 
 

 
 impact of ferric addition at lime do

 
 impact of softening at optimal ferric doses on settleability  
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T for: 

 
 

 Precipitate  composition based on a mass balance of raw and settled water 
   

 Potential need for post- based on calculated 
 

- 
du and focus on 
confirming  corresponding to 

 - 
are included as a starting point to fu

 

Table  to Table  
approximately   

Table  - Operational Baseline   

Jar 
Lime Dose 

  Dose   
 ng Test 

Ambient -

    - 

   - - 

   - - 

   - - 

   - - 

   - - 

   - - 

   - - 

   - - 

    - 

    - - 
 

 Lime doses target increased resolution around 
 Dose range 

based on data from Roalson et al  and 
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Table  -  

Jar 
Lime Dose 

 Dose   
  

   Ambient - 

    - 

    - 

    - 

    - 

    - 

    - 

    - 

    - 

    - 

    - 

    - 
 

 

 
  

  

Table  - pact of Ferric Dose : 
Lower Fe doses  

Jar 
Lime Dose 

Dose
  

 TBD   - 

 TBD   - 

 TBD   - 

 TBD   - 

 TBD   - 

TBD -

 TBD   - 

 TBD   - 

 TBD   - 

 TBD   - 

 TBD   - 

  TBD   - 
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Table  - : 
  

Jar 
Lime Dose 

 Dose   
  

 TBD   - 

 TBD   - 

 TBD   - 

 TBD   - 

 TBD   - 

 TBD   - 

 TBD   - 

 TBD   - 

 TBD   - 

TBD -

 TBD   - 

 TBD   - 
 

  

Table  -  

Jar 
Lime Dose 

 
Ferric 
Dose   

  

 TBD   X 

 TBD   X 

 TBD   X 

 TBD   X 

 TBD   X 

 TBD   X 

 TBD   X 

 TBD   X 

 TBD   X 

 TBD   X 

 TBD   X 

 TBD   X 
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Table  - ed  

Jar 
Lime Dose 

 Dose   
  

   Ambient X 

   Ambient X 

   Ambient X 

   Ambient X 

   Ambient X 

 TBD   -  X 

 TBD   -  X 

 TBD   -  X 

 TBD  -  X 
 

 
 

3.3 Coagulant Aid Polymer Testing 

 Tests 
  

    
 

ferric sulfate   
 

 

 

sulfate tration 
testing includes: 

 Polymer A  
 Polymer B  
 Polymer C  
  
  
 after ferric sulfate  
 ltaneous addition of optimum polymer and ferric sulfate  
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For Tests - oagulant aid polymer will be added first at 

approximately 
be added approximately  Test  

 

  

  
 -  
 TOC  
 - Ca and  
  
 Turbidity  
 Zeta potential  

Table  to Table  
  

Table  -  and   

Jar 
Lime 
Dose 

 
Dose   

 
Polymer 
Type

Polymer 
Dose   Test 

 TBD   A  X 

 TBD   A TBD X 

 TBD   A TBD X 

 TBD   A TBD X 

 TBD   A TBD X 

 TBD   A TBD X 
 

   
  
  

Table  -  and   

Jar 
Lime 
Dose 

 
Dose   

 
Polymer 
Type  

Polymer 
Dose   Test 

 TBD   B TBD X 

 TBD   B TBD X 

 TBD   B TBD X 

 TBD   B TBD X 

 TBD   B TBD X 

 TBD   B TBD X 
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Table  - Coagulant Aid Polymer A at  and   

Jar 
Lime Dose 

 Dose   
 

Polymer 
Type 

Polymer 
Dose   Test 

 TBD   --  X 

 TBD    TBD X 

 TBD    TBD X 

 TBD    TBD X 

TBD TBD X

 TBD    TBD X 
 

  
  

Table  Test  - C  and  
 L  

Jar 
Lime Dose 

 Dose   
 

Polymer 
Type  

Polymer 
Dose   Test 

 TBD   A TBD X 

 TBD Mid   A TBD X 

 TBD   A TBD X 

 TBD   B TBD X 

TBD Mid B TBD X

 TBD   B TBD X 
 

  
  
 -  
  
  

Table  Test  - 
 

Jar 
Lime Dose 

 Dose   
 

Polymer 
Type 

Polymer 
Dose   Test 

 TBD  Opt  A  TBD X 

 TBD  Opt  B  TBD X 
 TBD  Opt  A  TBD X 

 TBD Opt Opt  A  TBD X 

 TBD Opt Opt  A  TBD X 

 TBD  Opt  A  TBD X 
 

  
  
  
 -  
 Polymer to be added  seconds after  seconds after polymer  
  
 Polymer to be added  
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3.4 CO2 and NaOH Addition Testing 

 rbidity increased significantly
solids and a significant increase in source water solids

carbonate 
One m water 

treatment plants is to add a CO   is already 
CO  could be added alone or in 

  also 

 

is set of tests will be initiated by modeling target conditions for CO   
 test

conducted to simulate:  

 mpact on se  to 
precipitate more CaCO solids  

  to generate 
solids  

  and 
acid dosed 
CO

 

  
 -  
 TOC  
 - and  
  
 Turbidity  
 Zeta potential  

 to Table 
  

Prior to condu  
order of CO on   of 

settled water   

 

 CO   Ferric  Caustic  Lime 
 CO   Ferric  Caustic & Lime 
 CO   Caustic  Ferric  Lime 
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Table  - Assessment CO  and 
  

Jar 
Lime Dose 

 Dose   
Target 

 
CO  

Addition   Test 

 TBD  TBD X TBD X 

 TBD  TBD X TBD X 

 TBD  TBD X TBD X 
 TBD TBD TBD TBD TBD - 

 TBD TBD TBD TBD TBD - 

 TBD TBD TBD TBD TBD - 
 

 Dosed as so  
 

excess carbonate to facilitate precipitation of additional solids 
 

needed  

Table  Test  -   

Jar 
Lime Dose 

 Dose   
Target 

 
CO  

Addition   Test 

 TBD     - 

 TBD   X  - 

 TBD   X  - 

 TBD     - 

 TBD  TBD     - 

 TBD  TBD   - 

 TBD  TBD   - 

 TBD  TBD   - 

 TBD TBD TBD TBD  - 

 TBD TBD TBD TBD  - 

 TBD TBD TBD TBD  - 

 TBD TBD TBD TBD  - 
 

  
   calcium carbonate 

excess carbonate to facilitate precipitation of additional solids 
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Table  Test  - CO   

Jar 
Lime Dose 

 Dose   
Target 

 
CO  

Addition   Test 

 TBD     - 

 TBD    TBD - 

 TBD    TBD - 

 TBD    TBD - 

 TBD  TBD    - 

 TBD  TBD  TBD - 

 TBD  TBD  TBD - 

 TBD  TBD  TBD - 

 TBD TBD TBD TBD TBD - 

 TBD TBD TBD TBD TBD - 

 TBD TBD TBD TBD TBD - 

 TBD TBD TBD TBD TBD - 
 

  
  

excess carbonate to facilitate precipitation of additional solids 
 

 

Table  Test  -  to precipitate more CaCO solids  

Jar 
Lime Dose 

 

/ 
Polymer 

Dose   
 

CO  
Addition   Test 

 TBD   Ca Precip  X 

TBD Ca Precip X

 TBD   Ca Precip  X 

 TBD   Ca Precip  X 

 TBD   Ca Precip  X 

 TBD   Ca Precip  X 
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Table  Test  -   

Jar 
Lime Dose 

 

/ 
Polymer 

Dose   
 

CO  
Addition   Test 

 TBD   Ca Precip TBD X 

 TBD   Ca Precip TBD X 

 TBD   Ca Precip TBD X 

 TBD   Ca Precip TBD X 

 TBD   Ca Precip TBD X 

 TBD   Ca Precip TBD X 
 

  
  

3.5 Flocculant Aid Polymer Testing 

 its effect on 
e and coagulant aid polymer 

Flocculent aid 
polymer will be added toward t
for

following conditions: 

 -  
 Optimal softening conditions -  
 - -  

  

  
 -  
 TOC  
 Ca  
 Mg  
  
 Turbidity  
 Zeta potential  

outlined in Table  to Table 
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Table   - Flocculent Ai  

Jar Dose  
 

Target 
 

Coag 
Polymer 
Type  

Coag 
Polymer 
Dose  

 

Floc 
Polymer 

Type 

Floc Polymer 
Dose  

 
Test 

 TBD  -- -- --  X 

 TBD  -- -- A TBD X 

TBD -- -- B TBD X

 TBD  -- -- -- TBD X 

 TBD  -- -- A TBD X 

 TBD  -- -- B TBD X 
 

  
  
 Dosed as solution  

Table   -  

Jar Dose  
 

Target 
 

Coag 
Polymer 
Type  

Coag 
Polymer 
Dose  

 

Floc 
Polymer 

Type 

Floc Polymer 
Dose  

 
Test 

 TBD  A or B TBD A  X 

 TBD  A or B TBD B TBD X 

TBD A or B TBD A TBD X

 TBD  A or B TBD B TBD X 

        

        
 

  
  
  

Table   -  

Jar Dose  
 

Target 
 

Coag 
Polymer 
Type  

Coag 
Polymer 
Dose  

 

Floc 
Polymer 

Type 

Floc Polymer 
Dose  

 

 
Test 

 TBD -  -- -- A  X 

 TBD -  -- -- A TBD X 

TBD - -- -- A TBD X

 TBD -  -- -- B TBD X 

 TBD -  -- -- B TBD X 

 TBD -  A or B TBD B TBD X 
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Table  -   

Jar 

Ferric 

Dose  
 

Target 
 

Coag 
Polymer 
Dose  

 

Floc 
Polymer 

Type 

Floc 
Polymer 

Dose 
 

CO  
Addition  

 
 Test 

 TBD TBD TBD A  TBD TBD X 

 TBD TBD TBD A TBD TBD TBD X 

 TBD TBD TBD A TBD TBD TBD X 

 TBD TBD TBD B TBD TBD TBD X 

 TBD TBD TBD B TBD TBD TBD X 

 TBD TBD  B TBD TBD TBD X 
tes: 
  

3.6 Mixing Rate Testing 

mixing 
 

 
polymer addition  

 pending 
  

 

 

Section 4 

 

T Table  

 

  
  
 TOC  
 Calcium  
 Magnesium  
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Table   

Parameter  

Temperature On-site 

 On-site 

  

  

Calcium  

Magnesium  

Turbidity On-site 

TOC  

DOC  

 On-site 

  

  

  

Ammonia  

  

Fluoride  

  

  

Color  

Bromide  

  

Zeta Potential On-site 
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Table B  -  

Parameter   
Results  

     

     

     

CaCO  
    

     

     

  A   

  A   

  A   

     

  A  A 
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9 
 compared to 

  
  

 

shows the calcium concentrations with increasing s  Typical 
and 

precipitate calcium carb
typical compared to the 

 
finished 
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