Simulation of the advective transport of nonpoint source contaminants in an unconfined aquifer, New Jersey

By Leon Kauffman, Paul Stackelberg, and Mark Ayers

[image: image1.png]INTRODUCTION

* Study area in New Jersey is part of the U.S. Geological
Survey's National Water Quality Assessment.

* Shallow monitoring wells were sampled to determine water
quality in different land-use settings.

« Nitrate and other nonpoint-source contaminants were
frequently detected.

o There is concern about what the implication of these data is
for water quality in public-supply wells and streams.

OBJECTIVE

Use advective-transport modeling to :

* Gain insight into current water-quality conditions

® Project what future conditions might look like under
various management scenarios

STUDY AREA

* 400 square mile area of the Kirkwood-Cohansey aquifer
in the New Jersey Coastal Plain

e Agquifer is unconfined and highly permeable with shallow

water table

Thickness ranges from 25-250 feet

Streamflow is about 90% ground-water discharge

Depth to water table ranges from 0 to 40 feet

Aquifer is increasingly being used for domestic and

public supply
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[image: image4.png]GROUND-WATER FLOW MODEL

Horizontal discretization is 984 feet

Modeled as one geological unit

Twelve modeled layers used for vertical discretization
Physical parameters spatially constant

Calibrated to water levels and baseflow of streams
Model assumes steady state with uniform recharge

PARTICLE TRACKING

® One particle per cell was started at water table
® Particles were tracked to discharge point (stream or well)
® Travel times to discharge points (ages) were computed
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[image: image7.png]Model predicted travel times vs. tritium/helium ages
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[image: image8.png]COMPUTING CONCENTRATION AT
DISCHARGE POINTS

The concentration of each particle is based on the land use at
the point and time of recharge.

Cancentration for a land use can change over time.

Changing land use at a location is considered.

For conservative contaminants, the concentration at a
discharge point is the average concentration of all
contributing particles.
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[image: image10.png]All water discharging to streams
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» Streams have a higher percentage of young water than
public-supply wells.

» Public-supply wells tend to be in or near urban areas and
therefore have a higher percentage of water recharged
in urban areas.
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[image: image12.png]HYPOTHETICAL CONTAMINANT

Hypothetical conservative contaminant

* Occurs in all recharge where land use is urban

* Concentration has increased from 0 in the year 1950 to
100 in the year 2000

Four management options to control concentration in

recharge (RC) were applied

o total ban (RC immediately goes to zero)

o reduction (RC reduced to zero over 50 year period)

o fixed use (RC remains at current level)

© no management (RC continues to increase)
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[image: image14.png]Change in concentration of urban contaminant
in streams
(Assumes no further change in land or chamical use)
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Concentration of nitrate in recharge for
different land uses used in model
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# Curves are based on data from shallow monitoring wells
and historical nitrogen fertilizer use data
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[image: image17.png]Comparison of model-predicted and measured
nitrate concentrations in public supply wells
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[image: image18.png]Comparison of modeled and measured nitrate
concentrations in streams
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® Only measurements taken during baseflow are included.

@ The difference between modeled and measured
concentration is likely due to denitrification in the aquifer
near streams and in-stream loss. This loss appears to be
about 40% for all three sites.

® Variation of concentration in streams can also be caused
by differences in temperature and flow, non-ground-water
inputs, and measurement error.




[image: image19.png]Response of nitrate to management options
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[image: image20.png]SUMMARY

Water entering streams and wells was recharged at different
times and land uses.

For the entire study area
® Ground water entering wells is older than ground water
discharging into streams. The result is that it takes longer
for changes in land-use practices to be reflected in wells.
® Public-supply wells tend to be in or near urban areas and
therefore have a higher percentage of recharge from urban
areas. This will result in higher concentrations of urban
contaminants.
For a conservative contaminant whose use has been
increasing over time:

© If the concentration in recharge is reduced, concentrations
in discharge may continue to increase for a period of time.

® Even with a total ban, a contaminant will not be flushed
from the aquifer for many years.

Nitrate concentrations in wells can be estimated reasonably
well by this modeling approach.

Nitrate concentrations in streams are about sixty percent of
modeled concentrations.




