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The study of public-supply well vulnerability to
contamination from compounds commonly found in the
environment was one of the national priority topics
addressed by the National Water-Quality Assessment
(NAWQA) Program in Cycle 2.

Goals included:

• Identification of dominant contaminants and their
sources in representative public-supply

• Assess the effects of both natural and anthropogenic
processes on the occurrence of contaminants



• Identify the factors that are most important to incorporate
into public-supply well vulnerability assessments in
different settings and at different spatial scales

• Develop simple methods and models for screening
public-supply wells for vulnerability to contamination in
unstudied areas and from newly emerging contaminants

• Increase understanding of the potential effects of water-
resource development and management decisions on the
quality of water from public-supply wells



Study Areas



Surrogate measures of public-supply
well vulnerability

• Sources of recharge water
• Geochemical conditions
• Groundwater age mixtures
• Preferential flow pathways



Preventing contaminants from entering
groundwater is the best option

Not able to prevent all contamination?

• Know what to measure
• Know what it means
• Know what actions to take



Landing Page



Sources of Recharge



Toolboxes available dynamically



Now fill in the checklist based
on what has been learned



Geochemical Conditions



Typical Regional Redox Conditions



Other toolboxes
available for download

(McMahon and Chapelle, 2007; Chapelle and others, 2008; Jurgens and others, 2009)





Groundwater Age Mixture



A groundwater stratigraphy model can be use to
obtain a rough approximation of the age mixture

in a well in the absence of tracer data.

• Models are chosen according to aquifer geometry
• Model parameter values include:

Aquifer thickness
Porosity
Recharge rate
Depth to top & length of well screen

Model for unconfined aquifer with constant thickness:
Td = nD/N * ln(D/D-d)

TOOLBOX



TOOLBOX example

California study area

<10-1,000 yrs

Flow into
well, in
percent

0

3

0 100 200
Age, in years

Td = nD/N * ln(D/D-d)
where d = du + 0.01Px(dL-dU)

n = 0.3 (porosity)
D = 394 ft (depth of well)
N = 23.6 in./yr (recharge)
dU = 91 ft (upper level of screen)
dL = 366 ft (lower level of screen)
Px = percentile (0-100 percent)

A simple approach
for estimating an age

mixture for a well



Preferential Flow Pathways



Types of preferential flow



Interactive toolbox to estimate Zone of Transport

40-yr ZOT based on confined
aquifer
(differs from area at water table that
ultimately contributes flow to well, but
indicates area worth protecting)

Simple calculation
indicates that 10-15

multi-aquifer wells may
impact public-supply
well within 40 year

ZOT



Many Available Toolboxes
Tool Description Additional Info

Sources of Recharge

GW flow and particle
tracking models coupled
with land use data

Estimates percentage of
simulated inflow to a
public-supply well, using
MODFLOW and
MODPATH models

http://water.usgs.gov/soft
ware/lists/groundwater

Two-component mixing
equation

Estimates relative
proportions of end
member waters in a
mixture

Toolboxes>Sources of
Recharge>Mixing
Equation

Depth-interval sampling Determines borehole flow
and water quality from
discrete intervals.

Izbicki and others, 1999;
Izbicki, 2004



Report Generation



Example Report

Summary for Well 1
1) Sources of Recharge – you indicated the recharge area contains
Agricultural land use.
2) Geochemical - you indicated that the confined aquifer is Anoxic and
the unconfined aquifer is primarily Oxic
3) Groundwater Age Mixture – you indicated a large proportion of old
water
4) Preferential Flow Pathways – the existence of nearby multi-aquifer
wells indicates the presence of possible preferential flow pathways

Recommendations
1)Consider using a MODFLOW model to further refine the preferential
flow pathways present
2)Use targeted sampling to further define the proportions of water coming
from the unconfined and confined aquifer systems.



Examples for Nitrate and VOC

Full examples
are available
that explore
assessments
based on
combined
factors and
identify regional
patterns



1) Summarize what is currently known about a given
public-supply well

2) Identify the most probable risks for a given well

3) Identify the most beneficial protection mechanisms
for a particular well

4) Design strategies to prevent future contamination of
supply wells

5) Prioritize future assessment work for a given well

Goals of the Decision Support System
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