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Challenges

What do we need to know to study chemical fate and transport?

Hydrological
Processes

Microbial weochemical
Processes Processes

Systems as a whole
must be studied to
understand linkages




Role of Mixing Interfaces
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erf aces

of biogeochemical cycling?
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Can we quantify the role of mixing
interfaces in biogeochemical cycling
of natural systems?
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Fundamental Issue

Water resource protection

ATo predict chemical
form, mobility, and
toxicity, we need to
guantify rates of
reactions in dynamic
environments.
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Sulfate and Iron Reduction



Fundamental Issue

A rate estimates range
many orders of
magnitude (5 )!

ANatural Systems are
dynamic and often not
at equilibrium.
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Sulfate and Iron Reduction

ISSUE: Determine key kinetic controls on

reacti ons é.




Study Site

Norman Landfill Researc
Site, Norman, OK
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Study Site

Norman Landfill Research Site, E
Norman, OK B ais e S

/" interaction between

" contaminated
shallow ground
water and slough

mixing of ",
plume with *,
recharge

Elevation, in meters above arbitrary datum

it below alluvial aquifer

9 750 preferential flow in high

Modified from Cozzarelli, et. al,. 2000 23 | Distance (m) permeability layer

Conceptual model of tranSport and reactions zones at the Norman Landfill




Temporal Variability
] Daily Slough Water Level - Elevation in Meters Above Sea Level ]
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In-Situ Rate Studies

TEST SOLUTION-
“PUSH” PHASE

A xtracted water from
aquifer

A\ugmented with
combinations of
electron acceptors
(ex. SO,%), electron
donors (ex. acetate
and a tracer (ex.
bromide)
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fine sand

Kneeshaw, T.A., McGuire, J.T.,
Smith, E.W., Cozzarelli, |.M.
,2007. Evaluation of Sulfate
Reduction at Experimentally
Induced Mixing Interfaces Using
Small-Scale Push-Pull Tests in
an Aquifer-Wetland System.
Applied Geochemistry, Vol.22,
2618-2629.



Data Analysis

1. Little Mixing 2. Mixing
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MPPT2: Bromide, Sulfate, Sulfide over Time

Kneeshaw, T.A., McGuire, J.T., Smith, E.W., Cozzarelli, .M., 2007. Evaluation of Sulfate Reduction at Experimentally Induced Mixing
Interfaces Using Small-Scale Push-Pull Tests in an Aquifer-Wetland System. Applied Geochemistry, Vol.22, 2618-2629.




Rate Determination

Assume first-order MPPT2: Bromide, Sulfate, Sulfide over Time
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Breakthrough curve
then is given by:

a@This suggests that
a plot of In(C,/C,)
Rewritten: versus time yields a
” straight line with a
C. (%) Q a e i Q

% _ 0- kt* slope of k.
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— Kneeshaw, T.A., McGuire, J.T., Smith, E.W., Cozzarelli, .M., 2007
Evaluation of Sulfate Reduction at Experimentally Induced Mixing
Interfaces Using Small-Scale Push-Pull Tests in an Aquifer-Wetland

= After SnOdgraSS and K|tan|d|S’ 1998 System. Applied Geochemistry, Vol.22, 2618-2629.




Rate Determination

A Rates
comparable
to other
studies

A Lag Time?
~2.5 hours

MPPT2: Bromide, Sulfate, Sulfide over Time
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In-Situ Rate Studies

Sample Data

V acetate did NOT eliminate
lag phase (~2.5 hours)

MPPT4: Sulfate and Acetate
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In-Situ Rate Studies

Long Test Test 2: Sulfate Over Time

A10 L injected

A TOTAL TIME=
A 34 hours 2

A VO

Time Since Injection (hrs)

In(SO4 dilution ratio/Br
dilution ratio)
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In-Situ Rate Studies

A10 L injected
A TOTAL TIME=
A 3.4 hours

Test 4; Sulfate over Time

k,=0.3128 (hr)

In(SO4 dilution ratio/Br
dilution ratio)

Time Since Injection (hrs)

Test 4: Sulfate vs. Extracted Volume
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