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General Overview F U G I T I V E  G A S E S  A N D  A B A N D O N E D  W E L L S  I N  T H E  N E W S
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General Overview
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Source: Cahill et al. 2019

C O N C E P T U A L  M O D E L :  G A S  M I G R AT I O N  A N D  F U G I T I V E  G A S

• Vertical gas migration and lateral 

migration below low permeability layers

• Potential impacts to:

Groundwater (drinking water quality)

Soil gas (explosive risk)

Atmospheric air (explosive risk,   

greenhouse gas)
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T E N W E L L  N O .  1

Well Location

Tenwell No. 1
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Well Location – Site Development
A G R I C U LT U R A L  L A N D  T O  R E S I D E N T I A L  S U B D I V I S I O N

20111965

m m

Tenwell No. 1
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T E N W E L L  N O .  1

• Drilled in 1935-1936 to a depth of 639 m

• Surface casing to 158 m, intermediate 

casing to 497 m, open hole to 639 m. 

Annulus not fully cemented. 

• In 1942, intermediate casing partially 

removed, wellbore damaged

• OWA found the leaking well in 2013

• OWA attempted to seal the well in 2014
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Well History
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S T R AT I G R A P H Y

Original Oil and Gas Target Production Zone

(Heavy oil reservoirs)

Stratigraphic Unit 
From 
(m) 

To  

(m) 
Lithology 

Depth of Gas Noted 
in Driller’s Report 

(m) 

Gas 
Potential 

Regional Gas 
Production 

Zone 

Quaternary Till 0 54 Till None Low No 

Quaternary Sand 54 56 Sand None Low No 

Belly River Group 56 59 Siltstone None Low No 

Lea Park Formation 59 265 Shale 155 Low No 

C
o
lo

ra
d
o
 G

ro
u
p

 

N
io

b
ra

ra
 

F
o
rm

a
ti
o
n

 First White 
Speckled Shale 

265 336 Carbonaceous Shale None High Yes 

Medicine Hat 336 352 Shale None Low Yes 

Verger 352 357 Shale None Low Yes 

Carlile Formation 357 371 Shale None Medium Yes 

Second White 
Speckled Shale 

371 390 
Carbonaceous Shale, 

Sandy Sh 
None High Yes 

Belle Fourche 390 413 Shale None Low Yes 

Fish Scales -  -  Shale None Low Yes 

Westgate 413 457 Shale None Low No 

Viking 457 473 Sandy Sh and Ss None Medium No 

Joli Fou 473 506 Shale None Low No 

Mannville Group 506 639 Not Interpreted 507, 550, 621 High Yes 

 

Groundwater Aquifer

(Neighborhood uses municipal water supply)

Potential Gas Source, 

based on regional 

production records

Sandstone
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G A S  L E A K  F O R E N S I C S :  I S O T O P E S

• Stable isotopes of C and H in methane suggest a bacterial 

source, using traditional methods

• But isotopes of C in ethane and propane indicate low-

maturity thermal gas (e.g., Rowe and Muehlanbachs 1999) 

• Isotopic fingerprints from regional drilling indicate the source 

of the gas leaking from Tenwell No. 1 is likely 300 to 390 m 

deep, in the Upper to Middle Colorado Group  
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Well History
S I T E  P H O T O G R A P H S – 2 0 1 3  L O C AT I N G  A N D  2 0 1 4  S U R FA C E  C A S I N G  V E N T

Well location with surface casing below grade and apparently stressed 

vegetation when first found by the OWA in 2013

Intervention casing, wellhead, and 

surface casing vent (SCV) 

installed by the OWA in 2014
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Well History
S I T E  P H O T O G R A P H S  – 2 0 1 4  D O W N H O L E  I N T E R V E N T I O N
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• Measure methane concentrations in shallow 

soil with handheld meter

• Measurements in radial pattern around well

• Efficient method, done monthly 2014-2019

• Methane highly variable in concentration and 

location (e.g., Forde et al. 2019 study of 15 

well pads in BC)

• Assessed data for 50 months of surface gas 

measurements around well: no correlation 

with temperature, barometric pressure, 

precipitation, or season

14

Site Investigation
S U R FA C E  G A S  C O N C E N T R AT I O N  M E A S U R E M E N T S

A P R I L  2 0 1 8

M AY  2 0 1 8
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North South

Cross Section
S H A L L O W  S U B S U R FA C E
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(summer)
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Methane 
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Low-Permeability 

Sediments

Dispersion

Oxidation: CH4 → CO2

Methane in 

groundwater Groundwater Flow

(low velocity)

SCVF

Basement of 

Nearest House
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Site Investigation

• 8 multi-depth soil gas probes around 

well

• Within 1 m of well

• Background location 35 m from well

• Soil gas probes leak tested and 

purged

• Field and laboratory measurements of 

fixed gas concentrations

S O I L  G A S  C O N C E N T R AT I O N S
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Soil Gas Methane Concentrations
J U N E  2 0 1 9

< 0.1% / < 0.1%

12% / 14%

< 0.1%

100%

< 0.1% / < 0.1%

10% / 8% 71%

µmol/m2/sWELLHEAD                   

SOIL GAS PROBE

VP05-A/B – ID

12%         – JUNE 2019 METHANE CONC.

Units: percent by volume
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Site Investigation

• LI-COR soil gas flux chamber with Los Gatos 

Ultraportable Greenhouse Gas Analyzer

• Soil gas efflux measurements made at 

surface in radial pattern around well head 

• Estimates methane flux at surface

• Methane flux range for study of 15 well pads 

in BC: 0.017 to 180 µmol/m2/s (Forde et al. 

2019)

• Methane flux CFB Borden controlled gas 

release: up to 220 µmol/m2/s (Cahill et al. 

2017)

• Background for agricultural soils: <0.01 

µmol/m2/s, wetlands up to 0.1 µmol/m2/s

S O I L  G A S  E F F L U X  M E A S U R E M E N T S



___

19

Soil Gas Efflux Measurements
J U N E  2 0 1 9  ( B A S E L I N E )

0.03

3.4

0.7

186

< 0.01

1.6 3.7

µmol/m2/s

WELLHEAD                   

Units: µmol m-2 s-1
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Soil Gas Efflux Measurements

Colour Contours: 

Geometric mean of 

correlation for June of 

2015 to 2018 surface 

measurements

186

3.4

3.7

0.7

1.6

< 0.01

Notes: Colour contours represent the mean distribution of methane at ground surface for Junes from 2013 to 2018, 

which was then converted to estimates of methane flux using correlation.

Values:

Flux chamber 

measurements, 

June 2019

• Correlated surface gas measurements with soil gas 

efflux measurements to develop estimate of flow 

through soil

• Total methane flow through soil: 5 to 10 m3/day 

• Methane flow range for studies of abandoned wells in 

Pennsylvania: < 0.2 to 15 m3/day (Kang et al. 2014; Pekney 

et al. 2018)

• Mean methane flow for study of 100 decommissioned wells 

in UK: 1 m3/day (Boothroyd et al. 2016)

• Flux through soil for this well is an order of magnitude 

greater than surface casing vent flow of 1 m3/day

• Total methane flow equivalent to running a barbecue 

6 to 8 hours per day, or 12 to 22 cattle

• Majority of gas migration reporting to soil surface is 

within 2 m of well (but measured up to 18 m from 

well)

• Strong trend of decreasing flux from soil with distance 

from well

J U N E  2 0 1 9  ( B A S E L I N E )
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Groundwater Results
2 0 1 9

CH4: 18 mg/L

CH4: 0.00087 mg/L

CH4: 0.00051 mg/L

δ13C-CH4: -64

δ2H-CH4: -239

Dry gas index=255

• Elevated dissolved methane in 

groundwater at MW03 prior to gas 

extraction

• Methane at MW03 is isotopically 

similar to the gas from the surface 

casing, production casing, and soil 

gas near the well
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Site Investigation

• Isotopes confirm that the source of 

the gas in the soil and groundwater is 

from the Tenwell No. 1 well

• Some soil gas has signature of 

oxidation of methane from Tenwell 

No. 1 to form CO2 with low 

radiocarbon (F14C < 0.3)

• Microbial oxidation in the <10 m of 

soil between the well and nearest 

house was important 

S O I L  G A S  S O U R C E
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Temporary Surface Mitigation – Gas Extraction

• Objective: extract methane gas from the 

shallow subsurface around the well to 

prevent migration towards nearby houses

• Extraction points: 3 vertical extraction 

wells + 2 riser pipes + surface casing vent

• Continuous operation of active blower 

within fan-ventilated enclosure

• Discharge to atmosphere through a riser 

stack

• Call-out alarm system in event of system 

shut-down

A C T I V E  M E T H A N E  M I T I G AT I O N  S Y S T E M
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Temporary Surface Mitigation – Gas Extraction
A C T I V E  M E T H A N E  M I T I G AT I O N  S Y S T E M
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Temporary Surface Mitigation – Gas Extraction

• System operation began in July 2019 

and ran continuously for 1.5 years

• Methane gas extraction rate between 

5 and 19 m3/day

• 7 m radius of influence

• Reduction in soil gas methane 

concentrations and soil gas efflux

A C T I V E  M E T H A N E  M I T I G AT I O N  S Y S T E M
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Soil Gas Methane Concentrations
S E P T E M B E R  2 0 1 9  ( 2  M O N T H S  G A S  E X T R A C T I O N )

< 0.1% / < 0.1%

0.3%

< 0.1%

100%

< 0.1% / < 0.1%

0.1% / 0.1% < 0.1%

µmol/m2/sWELLHEAD                   

SOIL GAS PROBE

VP05-A/B – ID

0.3%         – SEPT 2019 METHANE CONC.

Units: percent by volume
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Soil Gas Methane Concentrations
J U N E  2 0 1 9  ( B A S E L I N E )

< 0.1% / < 0.1%

12% / 14%

< 0.1%

100%

< 0.1% / < 0.1%

10% / 8% 71%

µmol/m2/sWELLHEAD                   

SOIL GAS PROBE

VP05-A/B – ID

12%         – JUNE 2019 METHANE CONC.

Units: percent by volume
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Soil Gas Efflux Measurements

Colour Contours: 

Geometric mean of 

correlation for Sept of 

2015 to 2018 surface 

measurements

82

0.2

0.01

< 0.01

< 0.01 

< 0.01

Notes: Colour contours represent the mean distribution of methane at ground surface for Septembers from 2013 to 

2018, which was then converted to estimates of methane flux using correlation.

Values:

Flux chamber 

measurements, 

September 2019

• Correlated surface gas measurements 

with soil gas efflux measurements to 

develop estimate of flow through soil

• Total methane flow through soil:

• June 2019: 5 to 10 m3/day (pre-mitigation)

• September 2019: 2 to 5 m3/day (post-

mitigation)

• Gas migration reporting to soil surface 

only within 2 m of well during operation of 

mitigation system

S E P T E M B E R  2 0 1 9  ( 2  M O N T H S  G A S  E X T R A C T I O N )
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Well Perforation and Diversion

• Objective: perforate up to 3 intervals 

of the well casing to encourage gas 

flow into the wellbore and reduce gas 

migration through soil around well

• Need for 2nd and 3rd perforations 

based on gas flow rate through casing 

following 1st perforation

D O W N H O L E  I N T E R V E N T I O N
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Well Perforation and Diversion

• Extensive community consultation by 

OWA

• 13 houses evacuated for 2 hours 

during well perforation

• Nearby residential roads barricaded 

and playground area closed

• Incinerator present in event of high gas 

flow rates following perforation

• Continuous monitoring of ambient gas 

concentrations and gas flow rates

D O W N H O L E  I N T E R V E N T I O N
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Gas Flow Rate and Pressure
W E L L  P E R F O R AT I O N  A N D  D I V E R S I O N
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k
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a
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Casing 

Perforation
Gas Flow Rate – 20 to 25 

m3/day after perforation

Gas Pressure – build up 

following well shut in
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Vent Stack and Well Venting

• Single well perforation completed

• Gas flow rate through casing stabilized 

at 20 m3/day

• Well temporarily shut in during 

construction of 6 m vent stack

• Air dispersion modelling completed

• Controlled well blowdown to initiate gas 

flow from well to 6 m vent stack

• Monitoring of air quality

W E L L  P E R F O R AT I O N  A N D  D I V E R S I O N
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Active Methane Mitigation System Shutdown Trial
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P O S T- W E L L  P E R F O R AT I O N  A N D  D I V E R S I O N  

• Methane mitigation system operated for 4 months following intervention program

• Shutdown trial completed to evaluate gas migration post-intervention

• Before gas extraction and intervention: 

• High methane concentrations in soil gas

• High efflux of methane from soil

• After gas extraction and intervention: 

• Low methane concentrations in soil gas, approaching detection limit

• Low methane efflux from soil, approaching detection limit
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Soil Gas Methane Concentrations
S E P T E M B E R  2 0 2 1

0 ppm

0 ppm

0 ppm

0.4%

0 ppm

0 ppm 0 ppm

µmol/m2/sWELLHEAD                   

SOIL GAS PROBE

VP05-A/B – ID

12%         – SEPT 2021 METHANE CONC.



___

37

0

10

20

30

40

50

60

70

80

90

100

J
u

n
/2

0
1

9

S
e
p

/2
0
1
9

D
e
c

/2
0
1
9

M
a
r/

2
0

2
0

J
u

n
/2

0
2

0

S
e
p

/2
0
2
0

D
e

c
/2

0
2

0

M
a
r/

2
0

2
1

J
u

n
/2

0
2

1

A
u

g
/2

0
2
1

M
et

h
an

e
 C

o
n

ce
n

tr
at

io
n

 in
 S

o
il 

G
as

 
(%

 v
o

l.
)

VP01-A VP03-A VP03-B VP05-A VP05-B VP06-A VP06-B VP07-A VP07-B VP08-A VP08-B

S
h
u
td

o
w

n

VP08A

VP08B

VP05A

Soil Gas Methane Concentrations
S H U T D O W N  T R I A L  F O L L O W I N G  W E L L  P E R F O R AT I O N  A N D  D I V E R S I O N

P
e
rf

o
ra

ti
o
n

V
e
n
ti
n
g
 

System Construction

VP06B



___

38

Soil Gas Efflux Measurements

• May 2021: Negligible gas migration reporting to soil surface, but possibly influenced by high soil moisture

M E T H A N E  F L O W  T H R O U G H  S O I L
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W W W. O R P H A N W E L L . C A / C O M M U N I T Y

• Continue venting of well to atmosphere 

• Construction of long-term surface mitigation system infrastructure 

• Soil gas extraction system to be operated on contingency basis

• Quieter and smaller footprint

• Monitoring of soil gas, groundwater, and ambient air quality

• Further evaluation of well abandonment options and methane capture 

options by OWA

Next Steps for OWA’s Management of Tenwell No. 1 Well
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Long-Term Surface Mitigation Infrastructure
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N E X T  S T E P S

LONG-TERM SYSTEM 

FENCE

LONG-TERM 

BUILDING
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