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Origin of Terms - Latin

Aquifer: aqua = water, fer = to bear

Aquitard: tard from tardus = to slow

Aquiclude: clude from claudere = to shut
Aguifuge: fuge = expel or drive away

Source: Todd, 1988

Used since late 1960°s and now a

AQU ITARI): common term in hydrogeology,

except in the U.S. where
‘confining bed'’ is preferred.



Groundwater flow lines and groundwater

age In an aquifer-aquitard system

Recharge
Pumped Area Discharge
well Area
. Yeq d.
Aquifer rs “ays
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Aquifer Centuries?
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Aquifer Millennia?



Groundwater Text Books

Focus on Aquifers

Contain almost

nothing about »

aquitards




Geotechnical Text Books

Emphasis on aquitards
with focus on:

- consolidation

- Strength

- permeability

K, =108- 101 cm/s

Typical range of non
Indurated clayey
aquitards



Geotechnical Tests to Determine K

e Consolidometer,
oedometer and
triaxial cell tests on
cores

K, =108- 101 cm/s

Typical range of non
Indurated clayey
aquitards




My Aquitard Adventure Begins 1967

Lake Hudson/
Hudson Bay



Waste Disposal



Waste Disposal in Clayey Aquitard

Wastes deposited 1963-1999

LAKE AGASSIZ
DEPOSITS  pISPOSAL AREA

| }

SILTY CLAY

SAND AQUIFER



Calculated Groundwater Velocity in Typical
Unfractured, Non-Indurated Clayey Aquitard

and is extremely small

v = Darcy Flux

Using K =10 8 to 10 ° cm/sec and
typical values for gradient and porosity

_ K Ah
V = — Millimeters per year

¢ AL

= Meters per Millennia




Rad-Waste in Weathered Fractured Zone

High water table in spring 1968
Unanticipated
Waste Bunker
Low Water Table Spring 1958
In Summer
Low water table in the summer
Summer 1968




Test Pit Beside Disposal Area

Root
Imprints
on
Fracture
Surface



Natural Fractures

NatuNatu



Contraction Fractures
on a Modern Mud Plain




Simple Piezometer

Ground Surface >
Pipe > Grouted Seal
Intake >

< Sand




—_— 12 m

2m

Aquitard studies
require profiles of:

*Hydraulic head
\Water isotopes

*Water chemistry



Piezometers to

Understand Flow System

Schematic of
Piezometer Cluster Network of Conventional Piezometers

1968-1970

AQUITARD




Pumping Test Schematic

Piezometer drawdown { Ah meters)

o

—
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(8}

Water level in piezometer Aand B
before pumping starts

1\/

Piezo

intersect'glg fractures
s By 104 m]

Piezometer B
located in an unfractured
block between fractures

Se ~10° m-! rDischarge
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Fracture
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Time (days) since pumping started

(Grisak et al., 1976)




umping lest: Rapid response in some aquitard

piezometers proves fully penetrating fractures
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Active Groundwater Flow System

into biosphere

WASTE DISPOSAL
AREA



WNRE Radioactive Waste Case

The waste disposal facility was
established in the early1960s without
realistic hydrogeological concepts

Good site hydrogeology

but bad engineering design because
human control of leachate must
continue for ~1000 years



Typical Winnipeg Landfill
on Fractured Lake Agassiz Clay Aquitard

Is the gray
clay an
effective
barrier even
though it
has vertical
fractures?

CLAY
e s B e E B

GRAY CILEAY

T
SANDY L,

CARBONATE ROCK AQUIFER




Tritium (°H)

Radioactive isotope of
hydrogen with a decay half-life
of 12 years.

H is normal Hydrogen
2H is heavy hydrogen

3H is radioactive hydrogen




Tritium Is a recent groundwater tracer

Tritium in Rain from Atmospheric Nuclear Tests 1 963
Max Tritium Fallout 1963 °
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rain is from atmospheric e
) )
bomb tests
[
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3H |nput Atmospheric Tritium Input Function

3500
Monthly Precipitation samples
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Peter Fritz creates UW

isotope lab 1973 . 3H not
| oloremdsumee ST found deep

5 - ' Downward
2 ! Migration of
o Bomb *H began
E104 In early 1950’s
" |
5 | Why has high velocity in

154 || fractures not caused deep *H?

A Puzzle?
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"
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Weighted Mean 5'80%o in Precipitation

Winnipeg = -14 %o

Today’s values
represent
conditions
during the past
10,000 years

Since glaciers
disappeared

.......

Winnip

-t
e

.
--------

~Holocene time

(Clark and Fritz, 1999)



How can these isotope profiles exist in an

aguitard with fully penetrating fractures?

ritium Oxygen—-186
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Puzzle Solved by

diffusion

k’s Law
o “ of diffusion to
Pl i s Hydrogeology

™ \a
aatet TV ot NPT

A

In summary, the diffusion process appears to have considerable capacity for
reducing HTO concentrations in Chalk groundwater recharge.

MR BT T T o
.\Om\!é::‘\“‘(ﬂ_ with ¥
e OV




Foster

Conceptual
Model

Solute
Retardation due
to Matrix
Diffusion

Diffusion drives
molecules into
the clay

FAST

Groundwater
flow down
fractures

Aquifer

SLOW

Advance of
solute front

diffusion
halo

ad
ront




Remenda et al, 1994

Isotope profiles where aquitard is so thick that no
deep fractures found

Reprint Series

. . _
23 December 1994, Volume 266, pp. 1975-1978 S CIEN CE




8@ diffusion profiles in thickest Lake Agassiz clay

indicate extremely cold paleo climate: 180 = -24°/5,

Montcalm Emerson Drayton
§180 (per miY} 51%0 (per mil) 5120 (per mil)
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F| g- 2. The 87°0 values (relative ta VSMOW) of ground water sampled from monitoring wells at Montcalm,
Drayton, and Manvel and from cores at Emerson. .




Proposal for Waste

Entombment Below
Water Table

R SR T
ATl BORENOLE

-

=5

”.
~
.

Earliest Proposal for
Diffusion Controlled
Rad|oaCtlve WaSte Figure 3 Diffusfon halo emanating from buried waste after wetting occurs.

Dlsposal The waste is 20m below ground surface. Diffusion front contours
represent C/Co = 0.1 for D* = 1 x 10'6 cmzls.
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-

)
"
.‘:‘-}u

Management Of Low-Level Radioactive Waste, Vol. 2,

Editors, M. W. Carter, A. A. Moghissi, and B. Kahn,
Peraamon Press, 1979. -




um
refinery waste disposal
site in thick glacial till

36



Photographer uses the auger as an elevator




Shining borehole wall due to

water seepage from fractures
|
|

38




Saturated clay but
no flow

Fractured water
inflow zone (<10m)
sealed off using
caisson allows
deeper inspection

39



TRANSPORT IN
JLITY OF SOLUTE CIMES
.DlFﬁﬁggggtg%NTRﬁLLED HYDRDGEOLDGIC RE

n A. Cherry

Sciences

University of Waterloo

Waterloo, O

ommission

ili ' Construction a_n
. Des‘gg-,% 1983 \Washington D.C.

“This paper presents arguments to show
that in addition to having favorable velocity
characteristics, transport in saturated,
diffusion-controlled hydrogeologic regimes is
considerably more predictable than in the
most common alternatives.”



layey Aquitard Formed in Proglacial Lakes
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based on Lewis et al. 1994

Ad
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Sarnia Clay Plain




lypical Municipal and Industrial Waste
Disposal in Pits Before 1980s

Weathered,
Fractured Clay

Diffusion Controlled
Contaminant Migration
Fracture effects
insignificant




Schematic View of Hydrochemical

Conditions: Sarnia Clay Plain

_ SULFUR OXIDATION _ ATMOSPHERIC
- CATION EXCHANGE D Yy . TRITIUI}ASS‘EI;II_IIQICHED
_ CALCITE DISSOLUTION Na*, Ca?*, Mg, SO, HCO
. _ T mrmmmmm y,
‘ ‘ ‘ DOWNWARD ‘ ‘
DIFFUSION
Examine Is the Aquitard
chemical and D'ftfusl:og?
isotope profiles controfled:
UPWARD )
111 pIFFUsioN  ©F» Na*, CH,

BRACKISH WATER



180 Profiles fit diffusion models1-D
Simulations of downward diffusion:

Time is the fitting parameter

Diffusion dominated downward migration
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Upward Cl Diffusion Upward from

Bedrock Begins

Depth ( m) below ground level

10 [

20 [

LCLD - 12
o) Co =723 mg/l
t = 18000 yrs
)
1 1 1
0 0.2 04 0.6 0.8 1.0
C/C,
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20
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0 LCLD - 11
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t = 16000 yrs
i ] ] |
0 0.2 0.4 0.6 0.8 1.0
CIC,

Negligible influence of advection ’
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New Landfill Design (1985):

Waste Entombment Below the Water Table and Below
the Weathered Zone

Passive Engineering

Compacted clay cap

Upward diffusion

Burial Where | Industrial Waste |

Hydrogeology
is diffusion
controlled

Downward diffusion

Contaminant residence time
greater than 1000 years



Buried Aquitard: No Fracture Scenario can

Protect Lower Aquifer

No
DNAPL
entry to
aquitar
d

Clayey
Aquitard




Buried Aquitard: Fractures Allow DNAPL to
Pass Through Aquitard




Large Laboratory

Column Experiment

Using the Danish technique developed by Peter
Jorgensen 1991 - 1993

Suzanne K. O’Hara
MSc. Thesis, University of Waterloo, June, 1997.

O’Hara, Parker, Cherry and Jgrgensen (2000)

Water Resources Research
Vol. 36, No. |, pp 135-147

The Danish technique recreates in situ stress



DNAPL Entry Flow Experiment

Excavation to 3.5m
to obtain column



Obtain large sample
with minimal

disturbance

Hand-carved clay
column

\

Fractures

\

SKOH
1977



2. Flexible Polymer
Membrane




First test: Water Flow

- Estimated fracture spacing = 23 cm
- Measured hydraulic gradients
- Measured Q = 1 ml/hr
- Calculated K,
- K,=59x10%cm/s - 1.1 x 10”7

cm/s

- Calculated fracture aperture

Insitu stress

condition
applied based on the cubic law

=4.6 um - 5.8 um



Second Test: TCE DNAPL Flow

DNAPL flowed quickly through

very small Fractures

Pressure regulato

| Manometer

Flow
TCE DNAPL (red) in water \‘1

Effluent<—

T

Capillary Tube




Identlfy DNAPL Pathways Micro-coreholes
Using Diffusion Halos from Sampling

R=5.6, De=2.33E-6 cm2/s

Measured
Diffusion
Profile

o
£ 3000 }
[}
:§ 2000 +

0 + +
0.00 1.00 2.00 3.00 4.00 5.00

Distance {cm)




Fracture aperture estimates:

 Fracture apertures very small: K, = K

* Average hydraulic apertures (parallel
plate)

— Visible fractures 4.6 — 5.8 um

— DNAPL identified channels 7.5 — 12.5 um
 DNAPL entry pressure

— Corresponds to an aperture of 16.4 — 30 um

100 um is the average diameter of a human hair



Hydraulic test shows aquitard K <10 -3 cm/s

Aquitard and sheet piling
prevent detectable water
leakage



Cell Prepared For
Release of PCE DNAPL

AR OLUENESIERODH



Cherry confident that aquitard will allow no

DNAPL penetration

PCE Release 9x9m Cell




Glaciolacustrine
Aquitard

mmm———
e —

(m) Deposited
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I ONAP
found on augers

outside the cell

How could
DNAPL escape
the cell?

(photos by B.L. Parker)



Horizontal
Microbeds

Sand Bed

Dyed Red
DNAPL in
Sand Layer

(photo by S. Foley)



DNAPL Escaped by Downward Flow in Small

Fractures and Horizontal Flow in Microbeds

DNAPL Injection 1991

Auger Holes 1991-94 l 9x9m Cell

Aquifer

Depth (m)

Aquitard

Red DNAPL pulled up on
augers from aquitard

outside the cell i Sand microbed zone

11.5
13.5

(W. Morrison MSc Thesis, 1998)




Essential data for aquitard study:

Hydraulic Head Profiles

Piezometer Depth-discrete
nest multidepth
B T AR system
=
——- - <t = Water table X
Sand h
aquifer = = == 4= = Potentiometric
: 4 ' surface
0 &
"E_ Cloy | - X
A | aquitord 4 3
i \ Flow
Sand I N
aquifer " N
Y Y




The Four Commercially Available

Multidepth Systems for Head Profiles

Westba
y Waterloo
Vancouver Waterloo
Water FLUTe CMT
Los Alamos and Palo Alto

Santa Fe



yrden Aquitard: Head Profile Shows Nearly all Resistance

Occurs Across 2 ft Zone at Bottom of Aquitard

Ground surface

| 0
_____ WFr— |l ——" Hydraulic head ?
upper March 1999
| : sand —~ 10} (
aquifer 3=
- port =~
packer <
% 20 | Aquitard
o
\ clayey
aquitard with thin
sand layers j_ 30C
T
Iow_er sand inferred
aquifer low K | |
zone 4(0)

700 710
(Meldrum BSc. 1999) feet (masl)



Sorden Aquitard:

This detailed vertical
hydraulic head
profile indicates a
much higher K, in the
upper part of the
aquitard

Why?

=
o

N
o

Depth (ft)

Vv 30
A

infered

Ground surface

Hydraulic head
March 1999

Aquitard

700 710
feet (masl)




Vertical Fractures can be Inferred

from Shape of Head Profile

Ground surface

0
. Hydraulic head
|r!dlcates a much March 1999
higher K, in the 10 F
upper part of the £ Homogeneous ,/
. = Aquitard 4
aquitard B 50 [Case ,’
/
Because of lesser = !
hydraulic gradient v 30
with depth A
low K
zone 4() I l I

700 710
feet (masl)






Example Petrochemical Plant In
Lake Charles, Louisiana

Thick aquitard
assumed to be
DNAPL barrier




Aqmtmd Geology
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Pleistocene Aquitard Deposits >1 million years old
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DNAPL In
Pore Spaces
|

Contaminated
~ Groundwatet

:b l

L DNAPL m‘.
chtuxes




Integrity of Louisiana Aquitards

Previous studies of clayey Louisiana
aquitards at contaminated sites show poor
iIntegrity due to secondary permeability
caused by fractures, root and worm holes

However, only Pleistocene aquitards have
been investigated



Case study; Holocene Aquitard (2004-2011):
Groundwater contamination beneath regional aquifer

near Baton Rouge

, Deltor rlouge

New Orlearns



Large Chemical

Production Facility

Pleistocene

Regional Surficial
Geological Map,
Site Location and
Whiteman (1972)
Cross-Section

Adapted from Louisiana Geological Surve

y Baton Rouge Geologic Map (2000)




Aquifer Contamination: Only cis-DCE and Vinyl Chloride
Present

All concentrations below 50 ug/L

Dilcl tr)= .

corlteirrlrizitlor) °

@ <2 ppb
(O 2-20ppb
@ > 20 ppb



Clayey aquitard ~ 100ft thick

;- A
i mso 48217 57104 Site \ Mississippi
!g g .’ River

2 3

8
. '.'-':
‘}
I
o

z.m«a.- assarpeariee | fose r--r""-'-'

: et et '::.‘oo e .o

Water Resources Bulletin No. 16, Department of Conservation Louisiana Geological Survey and Louisiana Dept. of Public Werks, 1972.




Detailed Piezometer Cluster in Uncontaminated
Area to obtain profiles

> Well for
oo g‘ Pumping Tests

{* Bomn Large Capacity

smem W L Em il _
Piezometer Array | [ []! l j) IIH il
i L AQUITARD

Parker et al. unpublished data ' Mot e 0




Types of Piezometers

Used in the Aquitard

stainless —
steel

geotextile
fabric

Drive-Point Piezometer with
Vibrating Wire Transducer (VWP)

UV Drive-Point Piezometer



Stable isotopes and chloride profiles show diffusion

control suggesting excellent aquitard integrity

%0 (per mil)
-80 -75 -70 65 60 55 -50 45 -40
0 2 2 2 2 2 2 2
Diffusion Controlled 180 1-D back diffusion
20 | e upward and downward
_ —e— over 4000 years
Upper Unit: |
Aquitard DPP
40 Nest |
] ~ I (Backswamp)
—_ /
& /
2 Core '_’7'
£ 60 Porewater ——H
< /
2 b — 2> e
(]
Lower Unit: =
80 1 Aquitard =
Pr ol (Lake Clay)
/S ——
__________ A — — —— — — — — —
100 4 Transition 4
_______ sl e e e e e e e e = -
Plaquemine ° Aquifer
Aquifer
120 - River

Contaminants did not go through the aquitard



Head profiles also




Bottom zone in aquitard is of

lacustrine origin

PZ-60
Lithology Stratigraphy Hydrogeology

0
2 Backswamp
2 ] ] oo | SR deposits: higher
2ZZ Upper vertical K due to
: Clwy B T v Aquitard Unit -
- 5 [ ol Berieed fractures, rootholes
) '-z;;.: EL:‘: 'r:v ‘0‘;-;-‘_-',-:-.";':':f;Zl'lj:;lf;i;':';f;f;f; - PR anlm al bu rrOWS and
= o e h"“‘ s P g Weathering
%- R e T I LG T ST
S B — o . _ _
- 7 e | et g o Lacustrine deposits:
Z i —————— . auerdunit | [ No evidence of
- o el 55T L =~ | secondary
. Ciayey S : W;:vmmw e
HIEER o [ At permeability features
120 [Kesel, 2008] and weathering




1927 Mississippi Flood Carries Large Load of Mud
~ deposited widely

11,000 - 8,000 Years Ago (Holocene Time)
Larger Lakes Created by Frequent Flooding of Ancient Mississippi River

Lakes over 20 Ft deep



Key Points: Geology is most important

The aquitard has high integrity due to nature
of both aquitard units:

* High DNAPL storage capacity by sandy
layers and organic matter in fractured
backswamp deposits prevents DNAPL
from descending to top of lacustrine unit

* Deep lacustrine unit: diffusion controlled
Contaminants have not moved through aquitard to aquifer



Viruses, Fractures and Aquitards




Field experiment using solutes and

colloids to demonstrate matrix diffusion

Lot erng Larry McKay, PhD Thesis
l Papers Published in WRR

e and ES&T 1993

< —
e

—>
Fa:t fI:w -
in fractures -

€<




Looking downward at
fracture network in
tracer migration zone

Fracture Apertures

5 to 30 microns



Tracer trench being
instrumented with vertical
seepage meters on wall

Installing Seepage

Collectors
On Trench Walls




Predicted Rapid Calculated Linear
Groundwater Velocity in Horizontal Direction in

Vertical Fractures

v = Darcy Flux

Bulk K ~10°
K. A
¢, AL

where ¢, = fracture porosity
~103to 104

(calculated from the cubic law)

= A few meters / day




Diffusion Causes Strong Retardation of

Bromide Arrival Relative to Calculated

BROMIDE ARRIVAL GRAPH

1.0
Arrival of bromide tracer
08 |- at trench 4m from input
(o) 0.6 |—
o4
&)
04 |—
. First bromide
0.2 arrival ~ 60 days
@ I

0 100 200 300



Colloids do not diffuse and therefore arrived much

faster than bromide
Virus-sized particles moved fast through very small fractures

BROMIDE AND COLLOID (virus-size particles)

1.0
Arrival of bromide tracer

at trench 4m from input
08 [ P

o6 LFirst colloid

o
8 arrival
04 —
N First bromide
0.2 arrival ~ 60 days

© 0

100 200 300
Days



Municipal Water Supply: Mt. Simon

Aquifer, Beneath the Shale Aquitard

Shale Aquitard

Sandstone  Mount Simon Aquifer

From Massie-Ferch 1997



Aquitard Thickness Indicated by Head

Profile and Gamma Log

Springfield Corners test well (Dn-1371)

Packer test results

0 Total Head Gamma Radiation Geology
NN =1 | |l
% | | Sand & Gravel
Y
qg — — casing [
c?) 200 — L Tunnel City
=
© - ¢ large head —
E 300 — & drop L Wonewoc
8 |
I= 1. / 7 'Eau Claire Shale
§ 400 — e
Mt Simon
] e ] sandstone

HUNERL T
60 80 100 120 0 100 200 300
Depth to water, feet Counts, CPS (Bradbury et al., 2006



Human Viruses from Leaky Sewers Found
In Municipal Wells Madison, WI, 2005

WISCONSIN  5;

« ~ 220,000 people in Madison

MADISON
X

30 million gallons of water
pumped per day, primarily from
Mt. Simon aquifer from 21
municipal wells

 Wells 5, 7, and 24 each pump
between 1 and 2 million gallons
per day



Lithologies Along Likely

Virus Transport Path

/



Aquitard Travel Time:

Elow in Fractures Through Aquitard

dh | |
Kbu.k_vemca. a Flow In Idealized
V = Parallel Plate
¢fractu re F ra CtU reS

V = (2X10‘7cm/ S)(1'8) —104 m/d 32 um fractures
3x10™ spaced 10 m
apart
{— thIC_kneSS (m) _ O9m 121 hours| ;’;?J\i/;lrtcilme through
v (m/d) 104m/d




Key Points

« Groundwater travel times in networks
with even small fractures can be fast

* Virus research concerning groundwater
is still in its infancy



Commercially Available

Multilevel Systems

CMT Waterloo Westbay



Depth Discrete Multilevel Monitoring

Multilevel System (MLS)

A single device installed into
a borehole that divides the
hole into many separate
intervals for depth-discrete

monitoring

adapted from Cherry 2000



Problem Statement

* Midwestern communities commonly rely
on groundwater from sedimentary rock
aquifers

» Water quantity and quality issues are co-
mingled

« Powerful numerical models are needed for
decision-making

High resolution field data are essential



Site Located in South Central WI

Lake
Mendota

Village of Cottage Grove — ModelDoman  SM
- 2010 population ~ 6,200 2003 Plume




Dane County, Wisconsin

Cambrian Sandstone Aquifer

Precambrian Rock

Figure modified from Bradbury et al. (1999), WGNHS OFR 1999-04
based on information from Massie-Ferch et al. (1997), GSA Abstracts with Programs



Aquitards in Flow Systems



Schematic Head Profile




Inflections Are. ..

Discrete change Iin
head with depth




Vertical Component

of Hydraulic Gradient

Maximum h,-h,

Vertical Gradient |

Vertical gradients across
lower K layers are
commonly greater than 1



Schematic Head Profile




Geologic Conceptual Model

~4 km



Multilevel System

Measurement
v'monitors 129.5 m —— Port
of bedrock
Packer
v'46 monitoring Monitoring Interval
zones

/Pumping Port

v'83% of monitoring
zones are<2.5m
long




- 19 Dec 0
- 20 Jul 04
— 14 Dec 05

C—
3.45m

Head Profile Characteristics

Large vertical gradients at
inflections

*Inflections do not always
correlate with stratigraphy

Meyer et al., 2008, Envir. Geology, v. 56, p. 27-44




Head Profiles from Westbay Systems

Used to Delineate Hydrogeologic Units

Meyer, Parker & Cherry, 2008
Environ. Geol., 2008, Vol. 56, No. 1, pp. 27-54
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Example Inflection — No Shale Bed

- 19 Dec 0
- 20 Jul 04
— 14 Dec 05

C—
3.45m

Meyer et al., 2008, Envir. Geology, v. 56, p. 27-44




Defining HGUs Using Head Profiles

- 19 Dec 0
- 20 Jul 04
— 14 Dec 05

C—
3.45m

*Head profiles indicate 11
HGUs

*HGUs don’t correlate with
stratigraphy

Meyer et al., 2008, Envir. Geology, v. 56, p. 27-44



13 Bedrock Westbay Systems

High Resolution
Westbay MLS
Since 2003

A Low Resolution
Westbay MLS
Since 1993

# of Monitoring
46/7 Intervals



Head Inflections Correlate

«Smooth
geometrical

head profiles

*|nflections

correlate across

the site

MP-16

MP-19S/D I| MP-21S/D

— T/

MP-6 4

MP-18

MP-15

MP-17




Vertical Gradients Correlate Across Site

4 km (vertical exaggeration ~ 31 x)

—

Vertical gradients indicate A——
position in flow system



Defining the 3D Hydrogeologic Framework

<€ >
4 km (vertical exaggeration ~ 31 x)

« HGUs are generally laterally extensive

 St. Peter formation unconformity disrupts the
HGUs



Comprehensive Definition

of 13 Bedrock HGUs

~4 km



Schematic Flow System

~4 km



Key Findings

» Detailed hydraulic head profiles are
essential evidence for defining
hydrogeologic units in fractured
sedimentary rock

» Conventional approach using stratigraphic
units to define hydrogeologic units is
invalid



Summary of Aquitard Literature —
AWWARF (2006)

Cherry, J.A., B.L. Parker, K.R.
Bradbury, T.T. Eaton, M.G.
Gotkowitz, D.J. Hart and M.A.
Borchardt, 2005. Contaminant
Transport Through Aquitards: A
“State of the Science” Review.
AWWA Research Foundation,
Denver, Colorado.

K.R. Bradbury, M.G. Gotkowitz,

D.J. Hart, T.T. Eaton, Cherry, J.A.,
B.L. Parker, and M.A. Borchardt,
2005. Contaminant Transport
Through Aquitards: Technical
Guidance for Aquitard
Assessment. AWWA Research
Foundation, Denver, Colorado.




Summary

* Aquitards generally govern aquifer-aquitard
systems

« Aquitard studies typically need profiles of:
— Hydraulic Head
— Water Isotopes
— Major lons

 Aquitards commonly show evidence of
paleohydrology

* Fractures must be assumed to be present until
sufficient evidence is gathered to show
otherwise



Thank you for your attention.

Comments?




