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Example — TCE Diffusion into Silt / Clay
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Factors Influencing Remediation Timeframe

Length of clay lens
- Thickness Biodegradation

- Retardation Contact time

- Diffusion rate oot
- Transverse dispersion i

Influencing factors: Velocity

- Sale et al., 2008
- Matrix Diffusion ToolKit

(ESTCP, www.gsi-net.com)

e e i

Porewater Solutions
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Modeling Challenges

 Analvtical solutions not available for:

* Thin silt/clay lenses -

* Enhanced degradation rates

e Numerical models

 Small grid spacing, time steps
* Prohibitive for 3-D models

* |SR-MT3DMS: local domain approach

Porewater Solutions
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In-Situ Remediation (ISR-MT3DMS)

MT3DMS v5.3

BioRedox RCT package

Porewater Solutions
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(a) Integrated-Depth Model
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(b} Cross-Section Model

oa 8 b

Elevation (ft)

2500 Distance (ft) 5000

(BTEX concentration contours of 0.001, 0.01, 0.1, 1, and 10 mg/L)

Aerobic Nitrate-Reducing Iron-Reducing Sulfate-Reducing Methanogenic
Zone Zone Zone Zone Zane

* Reactions: solvents, hydrocarbons, metals
* Unique visualization methods

* Mineral precipitation/dissolution

e Rate stimulation/inhibition

Carey, Van Geel, and Murphy (1999)




In-Situ Remediation (ISR-MT3DMS)

s
T e — Injected Volume 2000 L
BioRedox RCT package
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Porewater Solutlons
Expertise Exper Innovation 6



INn-Situ Remediation

ISR-MT3DMS

MT3DMS v5.3
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BioRedox RCT package

Contact Time Calculator

NAPL Depletion Model

FREE (www.porewater.com)

Porewater Solutions
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Sheetpile
Enclosure

DNAPL source zone profile types:

Type 1

m h=7.5to 10 cm
eJo]ll h=51t0 7.5cm

Type 2

Res.
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Type 1 - Free phase and residual DNAPL
at bottom of aquifer

Type 2 - Residual DNAPL at bottom
of aquifer

) Type 3 - Multiple layers of free phase
and residual DNAPL

Y Type 4 - Suspended free phase and
residual DNAPL

Type 5 - Bottom and suspended
residual DNAPL

O No DNAPL detected

ﬂb DNAPL source zone
1

D Source zone region no. 1
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Parker et al., 2003

Parker et al., 2004
Chapman and Parker, 2005
Stewart, 2002
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Carey, McBean, and Feenstra (2014a,b; 2016a,b,c)



In-Situ Remediation (ISR-MT3DMS)

MT3DMS v5.3

BioRedox RCT package

Collaborative research:

Contact Time Calculator

Physical and numerical models

NAPL Depletion Model

UNIVERSITY OF

TORONTO

Local Domain Approach

Porewater Solutions
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Case Study — Florida Site

Extraction Well Injection Well
Transect Transect Site Characteristics
* Beach sand aquifer
N A MW-1B « Continuous, thin clay
T layer across site
A MW-2B * Other discontinuous,

thin silt/clay layers

A MW-3B * Multiple, thin suspended
DNAPL layers in source
zone

A MW-4B

dified from Parker et al., 2008

REMEDIATION Autumn 2015

=

Approx. source zone extent

Grant R. Carey

steven W Chapman - Anpfication of an Adapted Version of
sern L Parer — VIT3DMS for Modeling Back-Diffusion

Porewater Solutions C L. :
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2-D Model Grid

200 columns, 158 rows (layers)
Minimum grid spacing: Az=1.25cm, Ax=0.5m
Run-time = 45 minutes for 85-y simulation (At = 0.24 d)

10
3 v =130 ft/y
2-inch thick TCE pool (t=0 to 35 y) a,, = 1.5 mm
£ 6
< Clay layer thickness = 0.2 m, foc = 0.5%
B
g 4
. > v =65 ft/y
a,, = 1.5mm
2i
0 | | | | | | | | |
0 10 20 30 40 50 60 70 80 90 100

Distance (m)

x Porewater Solutions Carey et al. (2015) — Modified from Parker et al. (2008)
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Tortuosity Coefficient
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Porewater Solutions
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T proportional to 0, ( not 0,)

T =0.77 K040
R?=0.85

L] ‘ oy

Silt/clay:
1=0.25t00.40
(average 0.33)

1.E-11 1.E-09 1.E-07 1.E-05 1.E-03
Hydraulic Conductivity, K (m/s)

Carey, McBean, and Feenstra (2016d)

Accepted for publication in Ground Water
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Transverse Dispersivity vs. K

10 -
o <> Field study
Parker et al. (2008) a,, = 1.5 mm (100’s to 1000’s of meters)
] A Lab (tracer test)
£ a,, = 0.5 mm
e S — = = - — . Lab (NAPL diss.)
S 2. A S O
3 A e, Ao, .
‘:5 AT, .‘ ........... Lab Oy g = 0.07 K018
S
0.1 - - -
-
-
= ‘\pr
- edicted using Chiogna et
-
- al. (2010)
0.01 T T T 1
1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01

Hydraulic Conductivity (m/s)

Note — results not shown for glass bead studies.
LE = Local equilibrium.

x Porewater Solutions Carey, McBean, and Feenstra (2016e)
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Simulated TCE After Source Removal

M.y = TCE mass in clay assuming 20 m width. TCE
t = time since source removal. Concentration
(mg/L)

t=0 £
C
o

Mg, =136kg & 100
o

10
t=20y £
[
S 1

Mo =1.1kg 7§
2
L

0.1

£=30Y = 0.005

C
@]
Mclay =0.06 kg =
o
(NN}

50 60
Distance (m)

30 years after source removal:
99.96% mass depletion in clay, avg. C, ., = 12 to 126 ug/L

well =

Expertise Experience Innovation 13
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Remediation Timeframe Sensitivity Analysis

100
H cla H

Remediation timeframe up to hundreds of years

= silt/clay layer thickness

clay

R = retardation coefficient

v = groundwater velocity

S

]

g 2 L g, = silt/clay layer length

= . -

o @ aq, = transverse dispersivity

= £

é = Half-life > biodegradation
o

.§ -g

=3

5 5

Q

T

o

10 -
C,,, = solubility
v Clay Contact time — between NAPL
Loy Half ife C%nr':]aect and silt/clay
Coo 7= tortuosity coefficient
1 I I I I . ; Ls;een_ Lscreen = Well screen length

x Porewater Solutions Carey et al. (2015)
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Local Domain Approach

V¥ Water Table

| | |
Global domain

Local domain
(clay with limited
«— | extent, 50 layers)

Each clay lens:
10 to 100+ layers

100+ layers

Porewater Solutions
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Local Domain Approach

1. Global domain section (example)

5.1 A

sand

S 1 N N B

4.9

Global Domain

sand

4.7 | | | | | | | | | v
00 05 10 15 20 25 30 35 40 45 50

Porewater Solutions
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Local Domain Approach

2. Inactive transport in clay zone, in global domain.

51 A
5

£
(¢
5

4.9 8
©
o
o

4.8 O

4.7 | | | | | | | | | v

00 05 10 15 20 25 30 35 40 45 50

Porewater Solutions
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Local Domain Approach

3. Insert 200 local domains (Ax = 0.5 m, Az = 1.25 cm).

5.1 Y
T ‘T

O
57 D

3

00 05 10 15 20 25 30 35 40 45 50

Porewater Solutions
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Local Domain Approach

4. Associate global domain conc. with local domain boundaries.

Local
Domain

00 05 10 15 20 25 30 35 40 45 50

Porewater Solutions
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Local Domain Boundary Condition

5.2
5.1
é 5- CLD—BC = CgIobaI
c
ke,
=
©
o 4.9
w
48— CLD-BC = Cglobal
4.7
0 0.5

Porewater Solutions
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Example Scenario A

Local domain has larger horizontal grid spacing.

le C: Global model
Example C: 1,000 950 900 850 800 750 700 650 600 550

Avg. C=775

Local Domain

Global model

v |

A
|

Porewater Solutions
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Local Domain Discretization

Mass balance = 0.04% Mass balance = 0.04% Mass balance = 0.07%
. No Local domains . 200 Local domains 20 Local domains
Ax=0.5m

35

30 —
= _
v 25 .
& B 20 Local domains, Ax=5m
E 20 5.1
|_ —
[
S 15 u 5
.©
ks M
£ 10 5
&

5 4.9

0 48

X=5m X =10m X =25m X =50m X=75m X =100m
48IIIIIIIIII
4.7

\ \ \ \ \ \ \ \ \
00 05 10 15 20 25 30 35 40 45 50

Porewater Solutions
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Vertical Dispersion at Sand-Clay Interface

>V, Hydrodynamic Dispersion (D,)

4.9

4.8

Porewater Solutions
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Example Scenario B

Global domain has larger vertical grid spacing.

52—
)
51—
)
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o+
©
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w
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f

Trends (t =3 to 85 y)

(travel time from source to d/g boundary ~ 2.5 years)
2.5

mult
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Porewater Solutions
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* Sensitivity of f,_ , to:
* Concentration
e Site characteristics
* Time
* Scenarios where global vertical discretization can
be coarsened using local domains and f, . (x,t)

e Forward diffusion

e Back-diffusion

2-D global model

100+ layers 1-D local domains

Porewater Solutions
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Grant Carey, Ph.D.
Porewater Solutions, and Adjunct Professor at University of Toronto

613-270-9458
gcarey@porewater.com
WWW.porewater.com
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Back-Up Slides

Porewater Solutions
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Example Application

Global domain

1 Local domain

Scale, in meters o

I .
0 1 2 3

Porewater Solutions
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TVOC Trend After Source Containment

Hydraulic isolation system

started August 2002 A
100,000
Ay
10,000
— Observed Trend
=
oo
£
S 1,000
©
g Expected trend
c N . . .
g 100 / without back-diffusion
= AN
|_ S
10
it . TCE MCL = 5 ug/L
1
2002 2003 2004 2005 2006 2007 2008

Year

x Porewater Solutions Carey et al. (2015)
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Source Characteristics

C=1,100 mg/L
TCE me/
Source DNAPL source removed at t=35y.
Model
|
0 =35>y =85y 16 layers
in clay
-
TCE pool: S=1100 mg/L, 5 m x 0.05 m = 52

Elevation (ft)

Distance (m) : 0 05

Porewater Solutions Carey et al. (2015)
Expertise Experience Innovation ‘ 31



Remediation Timeframe Sensitivity Analysis

x=50m

L =3m

screen —

H,.,=0.2m

clay

Clay layer thickness and f,, Contact time (DNAPL and clay)

350 foc =1.5%
R=8.7

90 d contact time = remediation timeframe =20y

Remediation Timeframe
y
Remediation Timeframe

0 0102030405060.70809 1 0 5 10 15 20
Clay Layer Thickness, H,,, (m) Contact Time, t, (y)

Porewater Solutions Carey et al. (2015)
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Remediation Timeframe Sensitivity Analysis

100 m

w
(62}

(a) RTF vs. clay length
(Well screen=3 m)
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(b) RTF vs. screen length
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Well Screen Length, L., (M)

Porewater Solutions Carey et al. (2015)
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Remediation Timeframe Sensitivity Analysis

a) Biodegradation Half-life in Clay Layer

30

N
u

N
o

Remediation Timeframe (y)
= =
o (6]

ul

o

35

L

screen

H,. =0.2m
kﬂf—yvrcwn'rv’ Solutions Carey et al. (2015)
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RTF=26y
RTF =23y =30
%25
5
_gZO
|_
S 15
S 10
£
E s
0
HL = o0 HL=5Yy HL=1y C
x=50m
=3m

RTE =26y
RTF=21y I

=200 C_,=1,100 C_.=8,500

b) Source Concentration (mg/L)

RTF=32y

Note: K, uniform
Source conc. increase: >4,000%

Timeframe increase: 50%
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