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Choice made based on:

Geology / soiltexture
Reagents nature (solution,
Reagents longevity
Injection strategy design
Depth of treatment zone
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Pollutants presentin and adjacent to natural soil pores

Depth

C Reagents to be injected in this porosity

Pressure

FP (Fracture Pressure)
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Injection Window
(FP-Pp)
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Pp (Pore Fluid
Pressure)
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Injection pressure window is function of :

Soil depth
Groundwater level

Pore size distribution (soil texture
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Conventional direct-pushiniection | qpﬁ%
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Sand

GWY

v In SANDY aquifengmog)
v/ Depth Adapted injection
v Relatively low COST

Other advantages: Other limitations:
Vv Fast O Reflux of product after withdrawal
NJECTIS v No permanent infrastructure® Blow-out of product along the

® Fracturing > preferential
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' Conventional direct-push injection
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' Conventional direct-push injection
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Depth

Fracturing / jet Injection = qa . .
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When and why fracturing or jet injection >
Accidentally by DPT in low perm soils(compaction around injection head )
Accidentally by increasing injection pressure to maximize injection flow rates (time!)
Toachieve (economically ) feasible injection flow rate (Q;y) inlow perm. soils

T o injéct o slurriesin fine textured soils(d parice > d pore )

Pressure

FP (Fracture Pressure)

Fracturing jet injection

Injection Window
(FP - Pp)

/

\ Pp (Pore Fluid

Pressure)
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Fracturing / jet Injection

173m

Points of attention with fracturing /jet injection

- Bydefinition : reagents injected i nartificial 6 cavities , not (directly ) in natural porosity

- Time needed for diffusion into natural ointer-fracture 6 porosity (cfr. longevity )

- Incase of slurry; particles do not move in natural soil porosity (compaction ,d;es€ dparicies )
- Poor control on fracture direction (path of least resistance )

- Reagents loss(surfacing , arrival in non -polluted zones, short-circuiting to wells, € )

- Bleed-off / refluxing after retraction of injection head (cfr. DPT inlow perm soils)

- Heavings might be an issue

2.37Tm

PAVED UNPAVED

SUREACING — A INJECTION MONITORING
\ WELL

=

After T. Fox Petroleum Remediation Using In Situ Activated Carbon, 2015,
Proceedings of the 25" National Tanks Confi e, Phoenix Arizona
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' Conventional direct-pushinjection
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Directpush: hammering and
compaction on basis of main
problems/limitations

Injection pressure is the _l =|=
key parameter r “ L
Keeping Pgas high as possi
increasing the A
maximizing the dhd
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bullseye

PP SPIN® injection technology: How to hit the (Q\ _
W
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2. Coupledto a processor and pressure control syste

! V Can detect hydraulic conductivity in real time
V Can adapt the pressure cm/cm to the geology
i ! V More certainty about a homogenous distribution
€
Total V (L) Q (L/h) P (bar
; ) o 00 100 200 300
/ SPIN®
1. A newpatented head 000 ¢ )
Avoids compaction of the soil -
Avoids channel formation (hammering) g

Opens the soil progressively
K, NOt altered

Increased contact surface A
Allows working at low pressure

Close the injection point (no backﬂQH)
®NJECT|S 0 0 0 —, O OV

Innovative solution for in situ soil remediation Q G
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VSPIN@ injection technology How we thought to hit
z‘heﬁu//s%e e

Sand

GWY

Vv In SANDY aquifehgmog) v In soil with LOW permeability «/ In HETEROGENEOUS soil
v/ Depth Adapted injection « Low pressure > without Fracture/ Homogeneous distributi

No significant advantage +/ Homogeneous distribution
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Practical experiences:
How we hit the bullseye
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' Practical experiences2015- 2C

General statistics:

V 95 injection projects, 51 full scale) BBy TN
V Belgium, France, Spain, Germany, the Netherlands, Denmark,~ *.H :
Sweden
2.083 injections between 0 and 30-lng!
21.399 meters injected

5.061.584iters injected (2 Olympic swimming pools)
All reactions, nearly all reagents

100 % heterogeneous and low permeability aquifers
45% other injection techniques tested but inadequate

A\

m e-acceptor (sulfate)
V = chemical reductant (soluble)
m chemical reductant (particulate
m chemical oxidant (Ca-peroxide
m chemical oxidant (persulphate
INJECTIS
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m liquid activated carbon
e-donor (short-living)
e-donor (mid-living)

m e-donor (long-living)

m e-acceptor (oxygen source)




' Practical experiences 2015 2022

onitoring well

PllOt test deSiqn (aS Dart Of RDC) ‘ Preferredgroundwaterflow direction

V Maximize information with minimum # injections

V 7 injections in certain geometric configuration &
V 3 (clusters of) monitoring wells P4

V Average pricete H N 5 i n
e ...................... ROI 15 m

(Phase I/11) and RDC :

Ineffective Remedy,
Rework and longer timeframe

ROI25m IP1

IP6 0’ROIL5m:

with RDC P2

COST
\
\
h Y

Effective Remedy,
Shorter Timeframe
ROI 2,5 m

without RDC IP7

TIME
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' Practicalexperiences 2015y " =

Information from pilot tests:

<K<K LKL <LK

Can we reach the desired depthgs 2x1 8 RrR2Sayi
DS2t 238 aAye2SOll of SéQ,n]-K['] :
Can the selected reagent be injected at Foacture pres
Desired volume be injected homogeneously over the
ROI in different layers (arrival in MWSs) ?

Desired reaction observed sherhid-term ?

Longer term: rebound versus inflow from outside pilot

PI t t t GWM-PV1
ot tes LHKW pmol/I
500 1
1
450 1
1
400
350 = B Ethan
300 1 mm Ethen
= 1 mm Vinylchlorid
S 250 1 ) ,
g 1 B cis-1,2-Dichlorett
3
200 : Trichlorethen
150 1 mmmm Tetrachlorethen
1 —Summe LCKW
100 1
1
50 i

Okt.21 Now. 21 Dez.21 Jan.22 Feb.22 Mrz.22 Apr.22 Mai.22 Jun.22 Jul.22 Aug.22 Sep.22
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' Practical experiences2015- 2022

Some interesting relationships (lessons learned):

V Injection pressurerersudnjection flow rate

SPIN INJECTION LOG

Injection point |IP1

0

Depth (m)
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' Practical experiences2015- 2022

Some interesting relationships (lessons learned):
V Injection volumeversusROlversussoil texture

SPIN INJECTION LOG Date Hour ROI IL .
Injection point [IP1 Start 20/08/201911:05:47 1< N J E C T | S Md L
End 20/08/201916:03:25 3 Low pressu (el nj ection
Total V (L) Q (L/h) P (bar) Ks,rel => |njecti0n in macropores
0 500 1000 1500 2000 0 500 1000 1500 0 5 10 0 250 500 750
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l
NI [
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' Practical experiences2015- 2022

Some interesting relationships (lessons learned):

V Injection volumeversusROlversussoil texture

0.25
— Silty clay [38] = = Silt[39] - - - Clay [41]
[— - = Kaolin clay [42] = - - - Sand A (100% sand ) [43]
~ (020 b~~~ Sand B (90% sand+ 30% clay) [43]
20 -
s (e Sand C (70% sand+30% clay) [43] _
= 4 ’ Laminar flow
) RN
v 0.15 F K
= < )
_5 | . Critical pore radius—- '.
Vil g < T \
l;;; Rl . - * 1
o 0.10 F i !
2z < - I
5 - § - iR
S5 0 e\ Tt ) " t-|.| i
£ 005 [ - -
= < \. . "-._. .\ 1
U L \ \ . . .'-_. “ ‘t
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' Practical experiences2015- 2022

Some interesting relationships (lessons learned):

V Injection volumeversusROlversussoil texture

0.25
— Silty clay [38] = = Silt[39] - - - Clay [41]
[— - = Kaolin clay [42] = - - - Sand A (100% sand ) [43]
oD 0.20 b -~ - Sand B (90% sand+ 30% clay) [43]
~ -—
s | Sand C (70% sand+30% clav) [43] )
= 4 ’ Laminar flow
2 < TN
v (015 %
= \
E Y. Critical pore radius—- '.
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' Practical experiences2015- 2022

Some interesting relationships (lessons learned):
V Injection volumeversusROlversussoil texture

45

Average= 253 L/m

40 Min = 24 L/m (2016)
Max = 1.550 L/m
35
lﬁ 30
% 25
;if’ 20
5
o 15
10
| I I I
0
<100 100-200 200-300 300-400 400-500 >500
® NJ ECT I S Injection volume (L/m)
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' Practical experiences2015- 2022

Some interesting relationships (lessons learned):
V Number of injection pointgersusnjection volume per injection

MaximizingV,,; per injection point

14 Y MaximizeROI peinjection point
Y Reduceginjectionpoints
v . dz(i X

RarefLISNF SO0 G OAf AYRSNA €

10

E
)
4
6
4
2
0
0 100 200 300 400 500 600 700 800 900 1000
Injection volume (I/m)
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' Practical experiences2015- 2022

Some interesting relationships (lessons learned):
V Number of injection pointgersusnjection volume per injection

Exemple 1.000 m?, 111 m-bgl, 3% vol

1400 1800 1400 800000 .
o™
1200 Number of injection points 1600 1200 Number of injection points 700000, 5

1400

2 2 - . 600000 S
< 1000 Injection volume per meter per point £ .g 1000 o Total remediation cost &
«
g 1200 5 o 5 o
c = c 500000
k=l Q 2 800 . ¢
5 800 1000 & 3 3 <
= ° £ (o) 400000
S 600 %05 5 o 2 300000.5
(] rE .
E 0 & E Loss of quality -
5 = S 400 o
2 400 Z 200000
400
200 200 100000
200
0 0
0 0
0 , ) , 3 35 4 0 0,5 1 2 3

ROI (m) ROI (m)
Findingoptimum between
gualitativedistribution
andtotal cost
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Some interesting relationships (lessons learned):

V Costversusquality How canoverallremediationcostbe reduced?
1400 800000,0y
Numb f injecti int >
umber of injection points 700000 N
1200 ) B o
€ 1000 ——Total remediation cost 600000:
5
c 500000 s {
S 800 =)
3 zZ
IS 400000 - e e .. .. . .
5 oo - Y M|,n|m|2|ng|.njgc.t|on.t|me tiny)
2 Loss of quality 300000° Y Reducingnjectionvolume ;) or
Z 400 ° Y Increasingnjectionpressure(P,,)
200000 .
200 100000 10
0 0 g S
0 0,5 1 1,5 2 2,5 3 3,5 4

ROI (m)

NP

do— Fracturing / jet injection

Depth

1000

INJECTIS

O <, - . e
0®\ dpipctionMfindow 300 I - o 600 700 800 900
. . L . L (FP—Pp) /njecﬂ & (I/m)
Innovative solution for in situ soil remediation Pp (Pore Fluid

Pressure)




' Practical experiences2015- 2022

Some interesting relationships (lessons learned):
V Cost reductiorversushigh resolution site characterization (HRSC)

Totalestimatedremediationcost € M Mie
RDC: ISC@ith permanganate
lab tests: differentdosages

preliminary Site Y AdditionalHRSC (2BnissaMIPdrillings
Investigations |Characterization Remediation Y 3D-model
(Phase I/11) and RDC

Ineffective Remedy,
Rework and longer timeframe

——Pt—

_T Time Savings

Effective Remedy,
Shorter Timeframe

with RDC

/ without RDC

TIME

COST
A
A
L%
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