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VEGAS — Research Scales
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Vorführender
Präsentationsnotizen
this is important for Manitoba: sparsely inhabited, few direct measurements; but: many things can be quantified indirectly. Together this will lead to better decisions

how can data work together with models in a meaningful way
basis for improved water resources management


Current Topics

e PFAS (large scale, ubiquitous, chemical and modelling)
e thermal remediation (at large temperatures)

— heat transport (energy balance) and
— solute transport (contaminant mass balance)
— soil moisture sensors

e heat storage in the subsurface
* lindane contamination

© VEGAS
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Experiments with PFAS-contaminated soils

RFRFRFRFQO

» PFAS: per- and polyfluoroalkyl substances (> 4000 substances) _>* ¥

— surfactant properties: F F F F F F F F
hydropobic and lipophobic
— persistent in the environment

\Oe

> Problem:

— approximately 800 ha of
agricultural land has been contaminated
with PFASs (= groundwater)

— lack of knowledge: precursors and
transformation processes

» Remediation strategy , Immobilization”:
— insitu
— on-site

» How to evaluate/validate immobilization?

* Experiments on different scales and
under different conditions

* Numerical Modelling

. © VEGAS
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yInfinite Sink“-Experiments

Batch experiments

» Maximum desorption rate

> Sorbent material: activated carbon

» Shaking test with sampling in intervals
(sorbent material and water phase)

> Duration: = 4 — 8 weeks

© VEGAS
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Column Experiments

Column experiments (saturated conditions)

» Evaluation of effluent concentrations
— desorption dynamics of contaminants
- long-term behaviour

A\

Fixed flow rate = retention time

A\

Sampling of eluate in regular intervals

t[al
. 0 10 20 30 40
. . . . .
» Duration: e )
—— PFPeA (C5) PFTeDA (C14)
0.14 - —— PFHXA (C6) PFBS (C4-sulfonic)
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= PFOA (C8) PFHxS (C6-sulfonic)
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PFUNA (C11) —— PFNS (C9-sulfonic)
0.10 - PFDoA (C12) —— PFDS (C10-sulfonic
% 0.08 -
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Lysimeter Experiments

Lysimeter experiments (unsaturated conditions)

» Percolation conditions close to ,real” conditions

» Flow rate similar to real groundwater recharge
» lrrigation: = 1L/d
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Numerical Modelling

-> tailed BTC
PFAS aqueous-phase
. - a0 . a e " . ) .
cqncentratlons (c [pg/L]); in eq. (?e(, +pc?s +pc?s N ‘a {BD?—C]—%—
with se. dt ot dr 0z  09z) 0z
s$ = f.Kye

851{ k k
p—é}r :&kp 5.: — ¥ )_Ok

se = (1= fo)Kye

PFAS solid-phase The two-site sorption

concentrations (sorbed) model allows

(_) consideration of

nonequilibrium sorption-
desorption reactions
Physical equilibrium: Chemical nonequilibrium: (hence, sorption
Uniform flow Two-site sorption model hysteresis)!

© VEGAS
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Modelling PFOA

concentration

modelled (ADE) 40 1 PFOA (ADE)

-~ modelled (ADE+R, linear sorption) PFOA (ADE+R, linear sorption)
§ 07T T T |- modelled (ADE+R, nonlinear sorption) | | N+ | | e PFOA (ADE+R, nonlinear sorption)
%’ —— modelled (2-site sorption) - 304 —— PFOA (2-site sorption)
> ¢ observed (PFOA) )
g 157 =2
£ c
4] Rel
g *é 20 A
= 10 + e
i g
g 5
8 s5- © 101
2

ol [Ne=alo = .*r-"rrnﬂ-rnh-n-n-rm-rrrrre 0

25 50 75 100 125 150 175  20.0 0.0 25 50 7.5 100 125 150 175 20.0
time [days] time [days]
_“ ADE+R, linear | ADE+R, nonlinear | 2-site sorption
C L
o [me/L] 42.5 425 425 42.5
(meas =9.71)
So [Mg/kel ) _ ] 32
(meas=32) (s, only)
RMSE 2.689 2.520 4.261 0.054
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Available Master Theses

Several experimental topics available involving

o Literature review

o Set-up of experiments

* Operation

o Sampling (lab work)

« Data Evaluation and visualization

« Additional studies: tracer tests, determination of p.-s,,-relations...

Topics related to Numerical Modelling:

* Programming: Python

o Set-up of models

» Reproduction of experimental results
 Comparison of different models

o Sensitivity analysis

. © VEGAS
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Vorführender
Präsentationsnotizen
24.07.2014: letzten 2 Masterfolien müssen von Hand verändert werden, übernehmen nicht automatisch das Format der "Übermasterfolie"


Steam-Air Injection: Remediation Principles

Contaminant source zone remediation by steam-air injection
In saturated zone for organic contaminants (b.p. < 200°C)

Heat Front

Soil Vapour Groundwater
Extraction

Steam-Air
Injection

w5 Conerete, Filling &
ae

—l o

| aa Silt as
R =
;:.E:‘fﬂ £ _
Fine and
I
e K=t wedium———
R a0l Saturated
: g f= ZonE
= n;_:: = Dawnstream Sandy Gravel
LT Elantamjnant
e ume

Control of remediation process
> temperature MONItoring coarse crave

- contaminant mass extraction

Design of Steam-Air Injection

steam-air injection
specific power
0.1 — 0.2 kW/ms3 soil

Air prevents
accumulation of NAPL

SVE.

specific discharge

0.1 — 0.2 m3/(m3 x h)
GW-pumping
(cooling water)
depends on aquifer

Topics for Master Theses
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Analytical and Numerical Solution of Contaminant Removal

Field Site , Zeitz* with 1.600 m?3 soil volume and 120 kW injection power

=>» Theoretical Energy demand: ca. 300 MWh
=>» Theoretical time demand: ca. 80 days

= Energy demand:
335 MWh - analytical solution of tool fits reality
=>» Time demand:

Remedy: 140 days - analytical solution underestlmates reallty
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Design of Steam-Air Injection
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Analytical and Numerical Solution of Contaminant Removal

Flume experiments in VEGAS: experimental work

=>» Variation of soil types and carbon content
=>» Determination of removal time vs.

carbon content, soil type, flow regime, diffusion coefficient
=>» Definition of mass removal coefficient

DLI-Tool: Visual Studio Software to implement mass removal coefficient

=> Implementation of GUI to select mass removal coefficient
=» Implementation of parameters in analytical solution (Excel spreadsheet)

Numerical Solution: simulation to predict mass removal coefficient

=» Implementation of a numerical model (multi-phase flow and thermodynamics) of
flume
=>» Parameter sensitivity tests to define mass removal coefficient

Design of Steam-Air Injection, Validation of Tool

Topics for Master Theses

rch Facility for Subsurface Remediation
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Sensors - Development

© VEGAS
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Storage and Use of Thermal Energy in the Subsurface

= Shallow Geothermal Energy: clean and competitive heating for

Research TOpIC: buildings and industry
Geothermal Energy = Borehole Heat Exchanger (BHE): a well-controlled vertical closed
system is the most frequent geothermal application
Ground level
Excavation
level
Electric
Power Compressor
Grout —¢ Water [ antifreaze > Z_Lh H :J_ -
" heat transfer fluid . | -’.'f ; . £
> 5 % 2
- v g 5 2
T . i @ s £ 5
— Pipe spacer : . ) w L § y pre——
Bore- E
hale 7] = L N : J
—— Tremie plpﬂ E * bt zes e an g g dw e TS I
(remeoved as grout isg Expansion valve
injected.) i B
A ,}‘\ U—tube g
Probe 5
foot i - Sketch of a shallow geothermal system: BHE + heat pump + house heating
system (A)
Sketch of a BHE - Detailed sketch of all the components of a heat pump (B)

. © VEGAS
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Topics Geothermal Energy

Frostfreier Betrieb einer Erdwarmesonde (EWS): | Verstandnis des Gefriermechanismus einer EWS ™
Minimale Betriebstemperatur? (Unterstutzung fir Modellierung, Testverfahren) @
p D
FROST-TAU-WECHSEL VERSUCHE - Temperatur- und TDR-Ganglinie
: kleinskalige Versuche
- Peues 3D Technikum-Versuch
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Surfactant enhanced chemical oxidation

EU environmental project:

Torrelavega

Lotrdes

EGAS

ac for Subsurface Remediation

Clays and silts

Sandstones
Wastes
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e. Life surfing

,SURFactant enhanced chemical oxidation for remediatiING DNAPL”
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@

Girena

RE
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Liquid wastes from insecticide production were dumped on a landfill

Contaminants penetrated into the subsurface and groundwater

Permeable sandstone layer led to entry of pollutants into the river

- Closing of a drinking water plant 60 km downstream

Topics for Master Theses
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Surfactant enhanced chemical oxidation

 Problem: Non-Aqueous Phase Liquids(NAPLs) cause longterm
damage by slowly dissolving into Groundwater

nn

mmn
mn
mnnmn

WELL FOR DRINKING WATER

© VEGAS
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Surfactant enhanced chemical oxidation

 Concept: Source remediation by surfactant
enhanced In situ chemical oxidation (S-ISCO)

Surfactant

Micelle

Hydrophilic heads
Hydrophobic tail

Solubilized NAPL

©EthicalChem

CyoHg + 24H,0, — 10C0, + 28H,0

Increasing solubility of NAPLs,
desorption from soil matrix Oxidative degradation of

. . . . . . contaminants
* Injection of mixture in concerned aquifer via wells

e Possible without big affect on ground surface (remediation under buildings, no treatment
aboveground necessary)

* Biodegradable surfactants ensure sustainibility of procedure
e Fast and effective (when applied correctly)

- Research needed for wide approach in the field

E GAS Topics for Master Theses © VEG?‘;
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Surfactant enhanced chemical oxidation

Batch experiments for optimizing degradation conditions of S-ISCO applications

 Development of analytical lab methods to
determine relevant parameters

e Solubility experiments with different contaminants
in surfactant solution

e |nvestigation of competing reactions between
oxidant, surfactant and contaminants

e Behaviour of activating agents for enhancing the
degradation process

e Assessment on efficiency of S-ISCO treatment from
chemical point of view

time inh

. © VEGAS
Topics for Master Theses )8




Surfactant enhanced chemical oxidation

Column experiments for investigating degradation and desorption processes of
S-ISCO applications

* Injection of surfactant-oxidant mixture into
columns filled with contaminated soil

e Assessment of the remediation efficiency
based on intensive monitoring of relevant
parameters

e Consideration of fluid mechanical aspects

* Process engineering

. © VEGAS
Topics for Master Theses 29




Surfactant enhanced chemical oxidation

Research on behaviour of contaminants during S-ISCO remediation in the
subsurface with cuvette experiments

e 2D-observation of processes during
S-ISCO remediation in subsurface, on
top of sampling and measurements

* Impact of soil heterogeneities

* |nvestigation on possible vertical
mobilization of DNAPLs caused by
lower interfacial tension (surfactants!)

denser lense

© VEGAS
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(spatial structure) K
— solute transport properties




dimensions
« box: 140cm x 70cm
« cubes: 0,5cm x 0,5cm

5 different sands
corresponding to a realistic
continuous distribution

covariance structure
1.0 Mat(1.5)*2.0

limited number of
experiments possible —
choose the ensemble
smartly
- the one that is most
different
(antithetic, ARF)
 “flipped”

42 125 208

K
[cm/sec]

140


Vorführender
Präsentationsnotizen
56 cubes x 26 cubes
box, front glass panel, sealed
steady uniform flow; constant head tanks on the left and right
spreading of uranine was observed in a dark room using black light


Numerical Modelling of
Stochastic Tracer Experiment

calibration
- tank is completely filled with two different, known concentrations
« 10 different concentrations at 5 different locations

the observations can be reconstructed










https://www.iws.uni-stuttgart.de/vegas/lehre-und-weiterbildung_0001/

Universitat Stuttgart
VEGAS
Research Facility for Subsurface Remediation

Contact us!

PD Dr.-Ing. Claus P. Haslauer

E-Mail claus.haslauer@uni-stuttgart.de

Tel. +49 (0) 711 685 - 64716

URLs  www.vegasinfo.de
www.claus-haslauer.de,
www.planetwater.org

twitter @vegasIWS, @planetwater
https://www.iws.uni-stuttgart.de/vegas/lehre-und-weiterbildung_0001/
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