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' PROJECT OBJECTIVE

Develop practical methods for
assessing the distribution and evolution of
salt in soils and groundwater during
remediation.

Moving to quantitative interpretations.




ywaxman-omits equation

a,m,n empirical constants (geology)

Sw water saturation

0, porosity (geology)

Oy EC of pore water

B function of oy,

Qy depends on cation exchange (geology)
Our goal

Changes in oy, changes in salt concentration




OUNIE IooUES

Assuming the geology remains constant

changes due to:

(Sw)
salt concentration (o)

(ow)

O-formation

Variations in environmental conditions
require corrections for

Temperature

Soil moisture




SUNME IooUES (4)

IIn addition to the ERI surveys:

Cores + lab tests v Opormationt 1:Ow)

Tensiometer and Thermocouple
Installations to measure soil moisture
and temperature.




Study Site
Central Alberta, Canada

Pipeline spill and other upstream
oil & gas operations

Hydrocarbons and salts released

Hydrocarbons have been
remediated & land surface
re-contoured

Drain system installed at ~ 2m bgl
- drains to sump for deep well
disposal

Phytoremediation experiment in
progress




Zone 2

Zone 1

EM survey area

VU

N

A

N
L o
o ]
N ++++ R T b o b
P o F SRR S RS G S

)
P SRR
CINIRRER——
Ottt
1

RIS SRR i

t++++++++++ R+

FRRRRESRTEEEE T
(R s SRS

1

™ ++++ ++++++ +
o +++ +H+F RS
W, O A NS I &

ivity
ion

-D ERI

ion map
urvey zones

=M 31 conduct
Elevated salt
concentrat

ocat
2 quas



May 05)

Nov. 04

(July 04

YS

3 ERI surve

+ ERI survey electrode locatio
¥ Push Tool Conductivity

O Tensiometer
X Thermocouple
® (Clean Out

Y¢ Piezometer
— Tile Drain

EM survey area

+++++mﬂ++ﬁ#+++ﬂﬂﬂ¥+4ﬂ¥++ﬁﬁﬂﬂ++++++++
+++++m¥+++++++++++++++++++++4+++++++
+++++MF9+++++++++++++++++++4++++++++
,+++++MW++ﬁ+++++++++g++++++++++++++++

e e ++++++++4+++++++

Ayd

| +f
+H++tr+E AR ++++++++M+++++++
+ ++++++++++W+ e B T R

B R

+++++HH++ ++ﬁ+++++++ _
+H+++++++ ++++++++#+++++++

-
bttt @ o+t

++++++++++MT ®¥++++++++++ +++++++4
+++++++++Lﬂ+A.mM B e e e R s R S R
++++++++++MW++ %W++++++++++++,++++++++++++++++

R O

S +H,
OHO+HHFHE 4 e R RS

o x

+H+++++

+H++++++

2 m electrode spacing
4 m line spacing

November Installations

2 thermocouple

56 stations in each line
Installations

*10 lines in zone 1

Dipole-dipole array
5 lines in zone 2

5 PT EC Profiles

3 Cores

ERI Surveys
2 tensiometer

installations
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Zone1, July 2004 Zone1, Nov. 2004 Zone1, Nov. minus July 2004
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ERI Inversion Zone 2

July 2004 November 2004 Nov. - July

Zone2, July 2004 Zone2, Nov 2004 Zone2, Nov. minus July 2004
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U temperature proriies

Temperature Vs Depth
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July 04 profile
approximated by

2.0 . 6.0 ; . . July O 5
Depth (m)
Measurements.

¢ Nov-04 = Jul-04 May-05 — Poly. (Nov-04) — Poly. (Jul-04) Poly. (May—05)‘




Core EC Vs Temperature

EC (mS/m)
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Degrees C

EC
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uly 2004

Zone 1 Zone 2

Inversion 6°C Inversion 6_° C
Results Equivalent Results Equivalent

Devon, Zone2, July 2004
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Zone1, July 2004 T corrected Zone2, July 2004
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Nov.-July Zone1 Nov.-July Zone2

Image 6° C Equivalent Image 6° C Equivale
Difference Difference Difference Difference

Zone2, Difference: Nov 2004 - July 20
Zone2, Nov. minus July 2004 T corrected

Zone1, Difference: Nov 2004 - July 2004
Zone1, Nov. minus July 2004 T corrected
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CUNCLUOSIONS

Ime-lapse analysis: Need protocols to compensate
or changes due to all transient environmental
actors.

Quantitative correction relationships
(e.g. EC vs Temperature or S,,)

Appropriate auxiliary field measurements
(e.g. thermocouples, tensiometers)

OR
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