K. Udo Weyer

WDA Consultants Inc., Calgary, Alberta, Canada
weyer@wda-consultants.com

Helmut Kaiser
KaiserGEOconsult, Erlangen, Germany
inter@kaisergeoconsult.de

Water Technologies Symposium 2009 ( WaterTech 2009)
April 29 - May 1, 2009
Fairmont Banff Springs, Alberta, Canada

© 2009, K.U. Weyer

[


mailto:weyer@wda-consultants.com
mailto:inter@kaisergeoconsult.de
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Design of system and sampling methodology

- Basic subsurface sampling methods for gases

- Basics of GASSYS design

- Sampling of gas with GASSYS

- Range of gases sampled thus far with GASSYS
Case histories

- Langenfeld waste disposal site [methane]

- Terrania [hydrogen]

- Schwarze Pumpe [BTEX, methane, H,S]

- Dusseldorf/Hilden CHC remediation

[CHC, VC, ethene, ethane, CO,, hydrogen]

Conclusions
Outlook
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Basic Sampling Methods 1

Active sampling

- by pumping solil-air from boreholes into plastic bags or
glass containers

Disadvantages
- gas flows preferentially in higher permeable systems
- gas is not representative for the sampling point

- gas may also be collected preferentially due to differences in
partial pressure for different gases

- sampling cannot be repeated under identical conditions
(changes of ambient air pressure etc.)

- Gas in groundwater cannot be sampled in a representative
manner
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Basic Sampling Methods 2
Passive sampling

A: Adsorption samplers

- collect soil gas on adsorbing surfaces such as activated coal

- determine only relative gas concentrations as no direct gas
sample is taken

- Indicate only a relative degree of contamination

B: Diffusion samplers

- Collect gas samples of actual solil air or gas dissolved in
groundwater by diffusion into chambers which are then
evacuated for analysis
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GASSYS is a diffusion sampler with, presently, up to
4 diffusion chambers at different depths in one borehole
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Stainless Steel Microtubes
Memhbrane

Seal

Gas enters and leaves
these chambers by diffusion
to maintain a continual

L. equilibrium with the

— Chamber 2 Groundwater surroundings.

™ Table

Unsaturated Soil

Saturated Soil

6 © 2009, K. U. Weyer

I

I||H||||||[|I|..



of PE-strings
semi-permeable membrane

perforated support tube

15 mm

Detail of diffusion tube
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protective tissue protectiv_e tissue
of PE-strings of PE-strings

perforated
support tube

Schematic diagram of EVA membrane tube used for GASSYS

developed in Germany by Siemens AG for their LEOS pipeline system

EVA = Ethylene vinyl acetate
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Diffusion of 1,1-dichloroethene into a GASSYS gas collection chamber with gas present

at the outer wall of the membrane [hours 0 to 72] and lowering of 1,1-dichloromethane

concentration in GASSYS collection chamber [hours 72 to 400] after the source of 1,1-

dichloroethene has been removed from the outer wall of the membrane. [Data from M.
9 Hamann, University Erlangen-Nuremberg]
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Top end of GASSYS installation showing the stainless steel
microtubes for taking samples from four distinct collection chambers.
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Access to GASSYS installation above ground.
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34 s_... stainless steel microtubes

silicon membrane
perforated support tube

hard PVC disk
\ tightening clip (stainless steel)

screw (stainless steel) e 10 or more chambers
stacked vertically

e outer diameter 65 mm

e chamber volume 160 ml
(at 1 m length)
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Sampling set to collect gas samples from GASSYS.
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Evacuation of air from a headspace vial.
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Evacuation of gas from a

GASSYS collection chamber

by means of a special
syringe. Pressure meter

front.

in
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Measurement of gas
pressure within sampled
GASSYS chamber
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Insertion of gas sample into
headspace vial. The sample
should be transported to the
lab promptly for next-day
analysis.




Range of gases tested and sampled thus far
iIn EVA collection tubes

acetone
acrylonitrile
ammonia
benzene
n-butane
ISO-butane
butanol
butanone

butyl acetate
carbon dioxide
carbon monoxide
chlorine
chloromethane

chloropicrin
crude oil
cyclohexane
cyclohexanone
dibutyl ether
dichloroethane
dichloroethene
dichloromethane
diesel fuel
diethyl ether
dimethylamine
dioxane

ethane

ethanol

ethyl acetate
ethene
ethylene oxide
formaldehyde
freon-11
freon-12
freon-21
freon-113
freon-502
gasoline
halon-1211
halon-1301

heating oil
n-hexane
hydrogen
hydrogen sulfide
methane
methanol

methyl acetate
methyl ethyl ketone
methyl mercaptan
nitrogen dioxide
n-pentane

oxygen

pentanol

pentyl acetate
propane
ISo-propanol
phenyl methanol
styrene
tetrachloroethene
tetrahydrofuran
toluene
trichloroethane
trichloroethene
trichloromethane
vinyl chloride
xylene
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Methane content in
unsaturated soil and in groundwater

Source of Data: WDA Consultants Inc., Calgary
[WKC Consultants, Krefeld, Germany]
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Drilling a small diameter hole
with a hydraulic hammer.
This drilling method can be
used in tight spots. Other
small diameter drilling
systems could also have
been used.
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GASSYS hose with two semipermeable collection chambers
prepared for installation.
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Small-diameter installation
casing has been drawn.
Protective tube is shown.
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Outer protective surface
casing with cap open.
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m. Piezometer, Construction -- [dor-gp.hda]

File Wiew Options Tools Help

alal 2| A 2| fu =

GPe.1

= sl ol an

|7 Install. |7 Geology |_ Arnmulus Fill

Ground Eles.
5100 m

GASSYS Installation at Langenfeld Landfill

hest: GPGE

F-5
-10
36135
-15
Chemistry

- GPE.4

CH4

[mgm]

-Z.36m 4864 m -Z2.53m

Chamber 1

Chamber 2

¥ 373 GWTable

Chamber 3

Chamber 4

Geology Legend
— Fil

St
/= =and

26

© 2009, K. U. Weyer

by WDA'’s program
HYDRODYNAMIK [HD].




27

Hydrogen gas content in groundwater

Source of Data: WDA Consultants Inc., Calgary
[WKC Consultants, Krefeld, Germany]
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Access to installation below ground in a paved area at plant site.
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Fig. 19: Profile A-A'
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Terrania - GASSYS installations: Occurrence of hydrogen gas
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Remediation of benzene/toluene plumes

GASSYS: sampling of BTEX, H,S, and methane gases
In groundwater

Data provided by Biro DR. BEERBALK
Ingenieurtechnische Projekte fur
Umwelt, Altlasten und Entsorgung,
Berlin
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Imageny’Date: 20008

08 PPWK
009 Tele Atlas,
Imag 008 GeoContent:
52008 Europa Technologies’
3m E 570807553 m N elev. 114 m

Industrial plant site ‘Schwarze Pumpe’
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GASSYS installation
above ground.
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Training for gas sampling at ‘Schwarze Pumpe’ plant site.
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CyoHg + 6 SO,2 — 10 CO, + 4 H,0 + 6 H,S

was dismissed as H,S was generally found in minor amounts only

(B) Degradation of Benzene under Anaerobic Conditions

18 H,O + 4 CgHy — 9 CO, + 15 CH,

© 2009, K. U. Weyer
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& Piezometer Construction -- [schwarzepumpe. hda]
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Left diagram shows methane values in individual chambers for 28/11/2002.

Right diagram [linear scale] shows decline of methane gas from 2002 to 2007.
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& Piezometer Construction -- [schwarzepumpe.hda] & Time Series
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GASSYS: sampling of CHC, VC, ethane,
ethene, and hydrogen gases in groundwater

Source of Data: WDA Consultants Inc., Calgary
[WKC Consultants, Krefeld, Germany]
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after Weyer and Molson, 2004
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* Western fixed heads follow the
River Rhine




Oblique view of the 3D-model
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Orange = clay layer
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53

© 2009, K. U. Weyer

(s



3D-model cross-section A-A’
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Occurrence of TCE (1], PCE [rer] and DCE [cis) along inclined flow lines
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large-diameter remediation well.

Screen of well (blue), screen of
2" piezometer (black), and
chamber of GASSYS system
(black/blue, diameter 15mm) are
on same level, allowing for
concordant sampling of
groundwater and gas in
groundwater.

59 © 2009, K. U. Weyer

¢



60

© 2009, K. U. Weyer

Bottom of GASSYS tube
(black/blue) attached to screen
of a remediation well (blue) with
nearby screen of 2" piezometer
(black)
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Project "Remediation wells Hilden (2007)"

- Analyses of gas samples from GASSYS

Well group

1

2

3

4

GASSYS-depth

15 m

25 m

35m

15 m

25 m 35m 15 m

25 m

35m

15 m

25 m 35m

Laboratory results (RUK-Report-No.: 80712152-73 of 20/12/07) corrected with volume correction factors by KaiserGEOconsult GmbH

RUK sample number 0712152 | 0712154 | 0712156 | 0712158 | 0712160 -0?’12162 0712164 | 07121166 | 0712168 | 0712170 'L'IT'IZIT?
GASSYSTield numbers (a) 1.1a 1.2a 1.3a 21a 2.2a 2.3a 3.1a 3.2a J.3a 4.1a 4.2a 4.3a
[mg/m] [mgdm?] [mydn’] [mg/m] [mgdm?] [mg/m’] [mg#n] [myim?] [mg/m’] [rrain®] [mgim’]
clorinated hydrocarbons
Lichlorodifiuoromethane =01 =01 =01 =01 =01 <01 <01 <01 <0 1.7 07
Vinyl chloride 0.2 =0, =01 =0,1 04 <0, <0, < 0,1 <l <0, <0,
Trichloratflusromethane =01 =01 =01 =01 =01 <0, <01 <0 X 0.4 <10,
1. 1-Dichloroetylane =01 =11 =01 =01 =01 < <01 <0, <0 <01 <10,
Methiylene chlaride =0,1 =01 =01 =0,1 =01 < 0] <01 <0 <01 <01 <]
1.1.2-Trichlorn-1.2 2riflunkoethans 0.1 =01 =011 0.1 =001 <0 <0 <0 <04 <0, <0l
rans-1,2-Dichloroethene =01 =01 =01 =01 =01 < 0] <01 <00 <01 <01 <0
1. 1-Dichloroethane =01 =11 =01 =01 =01 < <01 <0, <0 <01 <10,
cis-1.2Dichloroethene id 22 =01 =01 1.0 11] 20l 20 <01 <01 20,
Chlardfarm =01 =11 =01 =01 =11 <1 <01 < 0] <0 <01 <0,
1, 2-Dichloroetiane =01 =01 =01 =01 =01 < <01 40 <01 <01 < 10,1
1.1.1-Trichloroethane =01 0.4 =01 =01 =11 <0, <01 <0, <0 <01 <01
Carbon tetrachlonide =01 =01 =01 =01 =01 < <01 40 <01 <01 < 10,1
Trichloroethylene 74 135 12.8 =01 78 8.0 <01 23 <01 13 X
1,1, 2-Trichlornetane =01 =01 =01 =01 =01 <0/ <0 <04 <1 <01 <0,
Tetrachloroethylene =01 05 =01 =01 =01 <0 <01 201 <01 0z 12
1,11 2-Tetrachloroethan =01 =11 =01 =01 =11 < <01 <0 A <0l <0,
Sum (Chloride) 12 04 10.3 =01 12 73 <01 14 <1 5.3 1.4
Sur (Fluaride) 0.1 =011 =011 0.1 =001 < <01 <0, <01 oz [E
BTEX
Benzene =01 =01 =011 0.1 =001 <0 <0 <0 <04 <0 <1,
Toluene 10.0 74 116 04 i 104 13 24 05 16 2.4
Ethylherzens 0.2 [ 02 =01 01 [E <0, <0, < <0, <0,
tn-ip-Xylene 0.7 10 08 =101 05 0.4 [iX] 0.3 0,1 0.2 0.2
o-Hvlene 1.5 .7 .5 =1 .3 0.5 < 01 0.2 < 01 0.1 0.1
RUK sample number 0712153 | 0712155 | 0712157 | 7121590 | 0712161 0712163 0712165 0712167 0712169 | 0712170 | 0712173
GASSYSield numbers (by 1.1 1.2b 1.3 21 2.2b 2.3b 3.1b 3.2b 3.3b 4.1b 4,2b 4.3b
various gases (ol -4}
hethane =01 =011 =01 =01 =01 20,1 <01 20,1 20,1 <01 20,
Carbon dinide 3l 35 44 13 42 35 20,1 0. 0,1 23 4.6
Oygen 18.5 14.1 144 141 15.3 "7 192 121 192 185 12
Hydrogen (ppm)
Hydrogen fppm 13 16 14 =] il i i ] <03 10.4 5
Pressure measurements ( ) before and after sampling (17/12/07) and volume correction factors
Pressure before sampling 1061 1020 104 10 1033 1042 104
Pressure after sampling 103 % b defect a5 defect 705 defect defect defet 1097 85
comection factor for sarmple a 120 120 14 120 120 120 120 11 120 120 11
correetion factor for sample b 1.31 1.30 1.2 1.31 1.30 1.31 130 1.2 1.31 1.30 1.29
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Maximum occurrence of vinyl chloride in groundwater.
Data indicate landfill [red outline] as source.
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REDUCTIVE DECHLORINATION OF

CHLORINATED HYDROCARBONS

PCE Degrades to TCE

Cl\_. . ~Cl g_ _c H~_.  Cl
C]>C_C<Cl — CI>C_C<CI

PCE TCE

Full Degradation

PCE = TCE = DCE = VC =™ ETHENE =" ETHANE — CO;
CCL=CCl  CHCI=CCL  CHCI=CHCI  CH,=CHCI CH,= CH; CaHs CO,

VC = Vinyl Chloride / Chlorethene
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CONCLUSIONS

GASSYS is well-suited for individual and long term (decades) investigations of
changing gas contents in unsaturated soil and within groundwater

Physical and geological conditions are kept constant during the life time of the
installation, thus allowing valid and accurate comparison of sampling events

GASSYS is a valuable additional tool for the determination of processes at
work in Natural Attenuation and the observation of progress achieved

GASSYS installations have been applied in the determination of explosive and
toxic subsurface conditions at plant sites

The proven life time of the installed EVA diffusion tubing has exceeded 25
years along pipelines [Leos system by Siemens]

The proven lifetime of GASSYS installations is approaching 10 years

The functionality of the system can be measured at any time by means of
pressure recordings

Pressure measurements allow the direct determination of summary gas
pressures in groundwater which at some sites exceeded 2 bar significantly.
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OUTLOOK

Additional applications of GASSYS.

* Gas leakage measurements in CBM areas
* Gas leakage measurements in CO, storage areas

» Gas leakage measurements at operating and
abandoned, sealed and unsealed boreholes
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Thank you for listening
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