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 Density driven distribution of KMnO, in sand

* Performance assessment with minimal uncertainty

* Nearly complete destruction of TCE and 1,1,1-TCA




* Inject-and-withdraw (
Flushing

* Inject-and-leave (
Episodic Injection




Addition of
Treatment
Chemicals

Injection Withdrawal

B.L.Parker




— > + Use density and dispersion effects to
distribute permanganate solution

* Inject in a manner that minimizes
groundwater displacement




Relies on density and dispersion effects

B.L.Parker, 1997




B.L. Parker, 1997




Matthew Nelson M.Sc. Thesis (1999)
Supervisors: Drs. Beth Parker and John Cherry
University of Waterloo
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(Nelson, 1999)
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-

» Use density and dispersion effects to
distribute permanganate solution

* Inject in a manner that minimizes
groundwater displacement
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Parker, 1997
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Parker, 1997
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Sand
aquifer

Initial
disc

Parker, 1997
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Parker, 1997

19



sand

aquifer

—

Initial disc

—

e —

Parker, 1997
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Injector withdrawn
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aquitard

Parker, 1997
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Picture 0564
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TCA used: 1995-96
Switch from TCA to TCE: Nov 1996 - April 1997
Conventional monitoring wells installed: 1997

Fenton’s treatment pilot study: 1998-1999

UW bundle multi-levels installed: 1999

—Fenton’s performance assessment

Permanganate selected as source removal action
for permanent remedy
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Water tabIeI

Increased frequency of
gravel size carbonate rock
fragments

=

Fine and medium grained
beach sand with
no visible layering

8-inch coarse sand layer
57 ft bgs

Carbonate bedrock
85 ft bgs
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Focus on depth-discrete methods

Continuous Cores
Bundle tube samplers
Waterloo Profiler

Conventional Monitoring Wells
Micro-monitoring Wells
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Building
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Monitoring well
Multilevel system
GeoProbe sampling
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. Pre-injection delineation

. Permanganate injection in targeted zones

. Monitor results and design subsequent injection

. Repeat steps until attain desired endpoint

36



T \

o P oy A B
Full-Scale Permanga
in Ft. Laudefgig

N it
(Tigs e ¥
hee
£

E
-

- e R

e O e




=

KMnO, Mixinéfr{éhlg,

r‘:_ !." 1

38



39



Direct Push Drill Rig

Pressure
Tank
#1

Pressure
Tank
#2

Scaffolding

Parker, 2000
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Direct Push Drill Rig

Pressure
Tank
#1

Pressure
Tank
#2

Scaffolding

Parker, 2000
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Building

Parker, 2000
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Picture 0569
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February 2000

Time (months)

!

October 2002

49



50



TCE Distribution on B-B’ - Feb 2000
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Feb 2000
May 2000
Jul 2000
Dec 2000
Oct 2002
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Oct 2002

54



55

C

Ground_
Surface

20—

Depth (feet)
g
|

40—|

50—

60 —|

70 —

E Distribution on C-C’

- Feb 2000

South . KMnO, Treatment Zone R
g % g : z = 7 3 3 ;
e & g EY 8 g 4 5
7.3 125 19.4' 16.8' 359’
TCE ug/L
<is 8 st
<15 <15 a2
<15 <15 36
s s
6.4 (May, 00)
<15 <15 e
<15 <15 31
<15 11 30
s 21
p 58 0
25 32 29
33 (May, 00) 6 (May, 00)

Parker et al., 2000

55



56

TCE Distribution

Ground_

Surface

Depth (feet)

20—

w
S
|

40—|

50—

60 —|

70 —

on C-C’

KMnO, Treatment Zone

~ Oct 2002

a ) a
a 2 s & <
2 2 ] = > I 3 3 2
S e 2
% § o % E O E =
g <>
7.3 12.5' 19.4 168 76 6 |53 9.9' 359'
<
TCE ug/L
<1 0
< 3(MCL)
2 <
< < a 15 oo
<1 <1 <1 = <1 1000
<1 - ! 15
o 10 000
<
<1 <1 =
. 50 000
<1 <1 ; ! <15
= . 100 000
<
<1 =13

Parker et al., 2002

56



Feb 2000
May 2000
Jul 2000
Dec 2000
Oct 2002

57



1, 480 ug/L

Oct 2002

58



TCE Distribution on D-D’ - Feb 2000
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TCE Distribution on D-D’
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TCA Distribution on C-C’ - Feb 2000
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TCA Distribution on C-C’ - Oct 2002
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Monitoring well
Multilevel system
A GeoProbe sampling

Parker, 2002

-+—

TCE source zone
>10,000

Plume
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Monitoring well
Multilevel system
*  GeoProbe sampling

Parker, 2002

TCE source zones
>10,000
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Monitoring well
Multilevel system
*_ GeoProbe sampling

Parker, 2002
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99% reduction in contaminated volume

Displacement avoided by limiting injection to <8%
of treatment zone pore volume for each episode

1,1,1-TCA also disappeared

No TCE or TCA rebound
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This case study showed that
permanganate can be successful for
of the source

 The site conditions are suitable
« The remedial design is tailored to the site
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* Fourth injection occurred October 2002
to complete source zone remediation

* Performance assessment monitoring
planned for February 2003
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Staff:

Matthew Nelson, MSc Hydrogeologist: Project Manager
Colin Meldrum, BASc: Field Activities and Data Display

Bob Ingleton, Paul Johnson, BSc: Injection System Design and Field Technical
Assistance

Martin Guilbeault, MSc, Matthew Whitney, BASc: Field Assistance
Maria Gorecka, MSc: Lab Analysis of VOC
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