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Background

Human enteric viruses are a public health
threat

Only source Is human waste

Leaking sewers likely source

Are deep, confined aguifers protected?
Viruses Infectious for 1-2 years
Rapid transport required
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Previous Research

Awareness of Viruses in groundwater
Madison, WI — virus detection in wells
Rural Wisconsin — heath risks
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Research Goals

Understand mechanisms that control rapid
transport in fractured siliciclastic aquifer
SSIEIIS

Assess vulnerablility of public supply wells
to near surface contaminants

SUNDAY STATE £ JOURNAL

_ IENE=EE
mnm . Madisun Lamastrepmrueam ¢ Breaking news 24 hours a day at www.madison.com

DRINKING WATER

Tum on the tap and roll the dice

At lea 16(] mmunitie [h fmmnlminan recommends communities treat drinking  such as Madison, have treated water for

nnl palnks m Spring  water with either chlorine or ultraviolet snmelma
state don't treat their umnin ukc.onnty popula- light to Itill-:mﬂmim s such as bacteria Leemh , who heads the agency's
despite r h h d tion of about 1,500, Fa]lkiw:m(dumhl and viruses. public w s:upp y section, said com-
Spite ge Cnunty with almost 2,400 residents, and “We are recommending that all commu - unjljum MMM ected
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Field Site: Unit Well 7

- Positive samples from
earlier studies

Cased through aquitard
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monitoring wells
A BC

Depth (ft sanitary sewer
pth (i) (distributed source)

Mt. Simon aquifer (confined) open borehole —3>: | Not to scale


Presenter
Presentation Notes
First Hypothesis: Wastewater leaks from sewer, travels along water table, and travels downward along defective Unit Well casing.
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Presentation Notes
Second Hypothesis: Wastewater travels throughout upper aquifer in a plume.


= What pathway?
How quick|y? monitoring wells
A BC
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Presentation Notes
Third Hypothesis: Wastewater travels primarily through fractures.  It is important to identify the most likely pathway and also if the wastewater can reach the Unit Well while viruses are still infectious (1-2 years).
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Presentation Notes
Head data from horizontal fractures show monotonic trend.  Head in Fracture 9 is average of others and suggests connectivity.
Fractures 3, 6, 8, 9, and 12 account for 96% of fracture T.


Virus Detection and
Water Chemistry




Virus and Chemistry Sampling

Two rounds (2010 and 2012)

Time seguenced sampling
Wastewater, MWs, Unit Well 7

Viruses

Electropositive glass wool filter
800 — 1,000 L per sample
Polymerase chain reaction method

\Water chemistry
Grab samples: wells and straddle packer
Major 1ons



Totalizer Prefilter

Glass Wool

Monitoring
Filter Well
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Sampling methods for monitoring wells (right) and for the Unit Well (left)


Monitoring Wells
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Groundwater Chemistry 2010
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Presentation Notes
Most homes in Madison use water softeners that discharge sodium chloride into the sanitary sewer during backwashing.  Sewers do not have high concentrations of nitrate but ammonia concentrations are high.


Monitoring Wells
ABC

2012 Virus Sampling
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Presentation Notes
Madison experienced an unusually warm and dry winter and spring during that year.  As a result there were no substantial recharge events.  Low points for sewer inflow represent weekends.


Groundwater Chemistry 2012
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Presentation Notes
MW-B had the highest concentrations of chemical indicators but the lowest concentrations of viruses.  High electrical conductivity may have interfered with electropositive glass wool filters.


Conclusions

Fractures In upper aquifer appear to
significantly control groundwater flow

Viruses and other wastewater indicators
found at discrete depths In upper aguifer

High Na and Cl levels likely related to
water softening salt backwash in sewers

Inverse relationship between electrical
conductivity and virus detection
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