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Drivers



Drivers: Current Conditions

Challenges:

Aquifer storage is only 

practiced when:

Demands < WTP capacity

and

WTP capacity ≥ Withdrawal

Recovered water is treated 

twice (cost, TDS)
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Drivers: Potential Future Conditions

Opportunities:

Increased aquifer storage 

potential 

Not limited to the difference 

between WTP capacity and 

regional demands

Treat water once  

Reduced overall delivery costs

Reduced TDS cycling
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Previous Work

Objectives:

1. Assess the fate of total coliform bacteria that is naturally present in 

surface water once injected into the subsurface,

2. Evaluate changes in geochemical responses with respect to arsenic 

mobilization, and

3. Determine the plugging potential of the formation with use of partially 

treated surface water

Findings:

1. Total coliforms observed at monitoring wells; however, inactivation to 

<4 CFU/100 mL occurred within 3-4 weeks after ceased recharge,

2. Increased arsenic mobilization observed at some monitoring wells, but 

expected to be manageable within property boundary, and

3. Formation plugging was minimal, particularly if addressed with filtration

Partially Treated Surface Water ASR Pilot Study, August 2018
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Objectives



Current Work

Can the groundwater standard for total 

coliforms of 4 CFU/100 mL be achieved prior to 

recharge while maintaining compliance with 

primary MCLs?

Disinfection Study
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UV
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Disinfection efficacy?

DBP impacts?

Resource intensiveness?



Experimental Plan



Disinfection Study Experimental Plan

Sampling location: 

Plant influent

Sample type: 

Grab, unfiltered, unpreserved 

Sampling events:

Sept 2020, Nov 2020, Jan 2021 (data 

finalized)

April 2021 (data pending)

Destinations:

Eurofins TestAmerica, Tampa, FL

Guardian Laboratory, Eustis, FL

Trojan Technologies, London, Ontario 

(data only) 
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Findings



Findings: Raw Water Characterization

Parameter Unfiltered Sample Range Filtered Sample Range

pH, s.u. 6.6 – 8.1 7.5 – 8.1

TOC, mg/L 15 – 16 15 – 16

UVT, % 22 – 26 23 – 27

Turbidity, NTU 2.2 – 4.6 1.7 – 3.7

TDS, mg/L 180 – 230 190 – 220

Bromide, mg/L 0.1 – 0.23 0.1 – 0.22

Ammonia, mg/L as N 0.1 – 0.2  0.1 – 0.3
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Findings: UV Disinfection

UVT results range from 22% to 27% for unfiltered 

and filtered (2 um) samples

UV equipment has been validated at UVT levels 

<20%; however, …

• Low UVT → Higher level of disinfection uncertainty 

• Low UVT → High UV dose → High cost

Bench-scale UV testing was deferred 

• Pursue alternative disinfection strategies 
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Findings: Ozone Disinfection

Ozone testing performed on unfiltered water from September 2020 

sampling event 

Ozone eliminated from consideration due to prohibitively high dose 

requirements and bromate formation
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Findings: Sodium Hypochlorite Disinfection

Test conditions:

Doses – 7 and 15 mg/L as Cl2

Contact times – 1, 5, 10, and 30 minutes
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10 1 (3 – 3.2 LRV) 1 (3 – 3.2 LRV)

30 1 (3 – 3.2 LRV) 1 (3 – 3.2 LRV)



Findings: Sodium Hypochlorite Disinfection

Sodium hypochlorite is effective for disinfection, but 

results in prohibitive DBP formation
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Findings: Chlorine Dioxide Disinfection
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Test conditions:

Doses – 3 and 6 mg/L as ClO2

Contact times – 1, 5, 10, and 30 minutes
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Dose of 6 mg/L ClO2 at contact times > 10 minutes was effective for 

disinfection and did not result in prohibitive DBP formation

May be more operational complex than chloramines

Findings: Chlorine Dioxide Disinfection
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DBP Result Range Limit Notes

TTHMs <1 ug/L 80 ug/L (MCL) ✓

HAAs <30 ug/L 60 ug/L (MCL) ✓

Chlorite <3.7 ug/L 1 mg/L (MCL) ✓

Chlorate 200 – 570 ug/L
210 – 1,000 ug/L 

(guidelines)

Related to dose, not 

contact time

Bromate 5 – 28 ug/L 10 ug/L (MCL)
Results were between 

MDL and RL



Findings: Chloramine Disinfection

Multiple testing events to refine bench-scale procedure 

and confirm results at different initial total coliform 

counts

Bench-scale procedure mimics sidestream chloramine 

formation
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Form 5x chloramine dose; provide time for chloramine 

formation in a fraction of the test water volume

Dilute to 1x 

chloramine dose after 

formation



Findings: Chloramine Disinfection
Objective – Form Chloramine, Minimize Free Chlorine
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Findings: Chloramine Disinfection

Initial total coliform concentrations ranged from 760 – 2,000 CFU/100 mL

Objective – Total coliforms < 4 CFU/100 mL
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Contact 

Time, 

minutes

Total Coliforms, CFU/100 mL

25 mg/L as Cl2 20 mg/L as Cl2 15 mg/L as Cl2

UF F UF F UF F

5 1 1 1 1 1 1

10 1 1 1 1 1 1

30 1 1 1 1 1 18



Findings: Chloramine Disinfection
Objective – Minimize DBPs
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DBP Result Range Limit Notes

TTHMs <1 ug/L 80 ug/L (MCL) ✓

HAAs <6 ug/L 60 ug/L (MCL) ✓

Chlorite Up to 1.1 mg/L 1 mg/L (MCL) ✓

NDMA 4.5 – 8.1 ng/L
70 ng/L (US EPA 

HAL)
✓

Bromate
<63 ug/L 

(MDL)
10 ug/L (MCL)

Modified method required 

to confirm results < MCL

Chlorate
2,300 – 4,300 

ug/L

210 – 1,000 ug/L 

(guidelines)

Likely originates from 

sodium hypochlorite stock 

solution; to be confirmed



Findings: Chloramine Disinfection

Chloramine disinfection results are favorable with respect to total 

coliforms, DBPs, and dose/contact time feasibility 

Objective – Minimize DBPs
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DBP Result Range Limit Notes

TTHMs <1 ug/L 80 ug/L (MCL) ✓

HAAs <6 ug/L 60 ug/L (MCL) ✓

Chlorite Up to 1.1 mg/L 1 mg/L (MCL) ✓

NDMA 4.5 – 8.1 ng/L
70 ng/L (US EPA 
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Conclusions and 

Next Steps



Conclusions

Chloramine and chlorine dioxide results are favorable

Total coliforms < 4 CFU/100 mL

DBPs < MCLs

Confirmation needs: bromate, chlorate, TC repeatability

Chlorine dioxide may be more operational complex 

than chloramine disinfection

Existing chloramine practice

Onsite chlorine dioxide generation
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Next Steps

Sampling event no. 4 chloramine results are pending

Doses range from 5 to 20 mg/L as Cl2

Contact times range from 5 to 60 minutes

→ Confirm disinfection efficacy at higher initial total coliform counts

→ Confirm origin of chlorate

→ Modify bromate method to confirm bromate < MCL

→ Measure E. coli with total coliforms 
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Discussion
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