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Project Goals:

To determine the baseline quality of Alberta
groundwater.

To determine the distribution and sources of
possible contaminants (in particular methane).

Relate those contaminants to groundwater ages in
order to quantify timespans required for
contaminants to buildup or degrade along
groundwater flow paths.



Methane in Alberta Groundwater?

1) Is methane present?
2) How much?
3) What’s it doing there?
a. Was it generated in
situ?
b. Has it migrated?
(result of anthropogenic or

non-anthropogenic
activity)?




Approach:

Using samples collected from Alberta Environment’s
Groundwater Observation Network (or GOWN) we:

1) Determined concentration of dissolved
inorganic constituents (in particular NO;™ and
SO,%).

1) Determined concentration of dissolved and
free gas (in particular methane).

1) Stable isotope analysis of 1) and 2) above.

1) Age dating of water using tritium and carbon-
14.



NORTHWE TERRITORIE: 'ERRITOIRES DU RORD-OUEST
r"-'_'"‘——---—-- — i — . — —"T--
! 5 .i @ GOWN-gas-age-dating-data [ )
j & GOWN-gas-data
L B
. 12_Pay, o
: o vl
| o Assumption John D'Or ¢_ Chipeiyang/s / 1
Prajrie \
;
.
I Rainbow High ® .‘ec ¥ ®Fox Lake .
Lake o Fort Vetmilion Claire b
l' Cur:le 1
H :J
: $ l
[ s,
| ALBERTA- o
=g [
=l Grimsha-
N : e
2 159 %p00ce Wabasca '
Zz J Fairyiew g R‘I'\‘.Jé;' Desmargls 1w
K g |
= = 5 ?
o= Spirit -
o= River " Lesser g 3 7;
2 0 @ o9 High aSlopsl 2 | %
o = | Grande . Prairie Slave Lac La 10
; = | Praine  walldyview Lake [} Biche i =
5 =
@5 Fax ®5wan . * 1= .
=) Creak Hills _ Athabasca g I~
= .
f Z
bR PRl westiock somyviteiy |
2% " -'.St Paulas o
i » wn.u COU St Eort H
" Aldert - ganskatchieggn
Cache & |Edson o vggév-lfe
¥ + O Vi r||I on
Hinton & Spruce T E omon i
‘%...\- & Drayton Vallef J Greve  &ggdu n‘l "*"‘""5‘“’[
[y #Jasper askivind il .
T Porjie af piright
LEGEND / LEGENDE = ,;‘. Blocky Mountain L
. CRTN House de ..a:omhe ®
Provincial capital / M . - Wstartier i t‘l
Capitale provinciale ’/éa Q. ® rovosty
o Other populated places / "’.;- \ L '-.rhifml 2 l
Autres lieux habités - ._.\ ® Hanna
— . International boundary / ‘;Q) | Fumhelery @ 0..”
Frontiére internationale %‘9 \1‘”"” canmcili Pairte [ ] *Pq’
— .. Provincial boundary / N . bear. i 1
Limite provinciale % } Calgary | _B:: @ il -. l
uh‘g |.gn River \,  gBrooks :
Scale / Echelle p. ""* "tates, - H
75 ] 75 50 us5 Y '
km sl 1 1 1 km 3 % .ar,uﬂ e
* Crowsnest #Taber ° 1
ipa_r._r. LR .ethb!ldg’
- - ;Drtl d H
pinchg 3eod @ i niver J
e OCadston (@ T
= | @& .

Samples Collected

Gas and water samples
from 185 GOWN wells for
chemical and stable isotope
analysis.

Water samples from a
subset of 66 GOWN wells
for Carbon-14 and Tritium.
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In spite of being ubiquitous, majority of samples have
only small amounts of methane present.




Methane and Water Type

Dissolved methane - mM [mg/L]
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Tritium and Carbon-14 Age Data (72
samples from 66 wells)

_ Radiocarbon analyses (*C) Tritium analyses (°H)

Samples 72 (10 samples = DL) 72 (50 samples = DL)
Detection Limit >41,100 yBP <0.8TU
Range from 945 to 41,024 yBP from1.0t0 23 TU

Median 11,494 yBP 6.2
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Carbon-14 Age Data (N=66)

Carbon14 Ages (Uncorrected)
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Methane conc. [ug/L]
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High methane concentrations occur
in water greater than 41,100 yBP.
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Spatial relationship between methane occurrence, water-type
and age within an aquifer (e.g. Milk River)
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Spatial relationship between methane occurrence, water-type
and age within an aquifer (e.g. Milk River)
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Distance from area of
recharge to northern limit is
approximately 100km.

Within the aquifer, water
flows north from area of
recharge (red zone) along
the Canada/US Border.

From Petre et al (2016), Hydrogeol J. 24:1847-1871



Spatial relationship between methane occurrence, water-type
and age within an aquifer (e.g. Milk River)

e Significant changes in
Young Water Old Water .
ey o VoA o . water chemistry occur
\ as water moves away
from area of recharge.

e Water gets older
moving away from area
of recharge.

From Petre et al (2016), Hydrogeol J. 24:1847-1871



he Redox Ladder Concept

Changes in water chemistry can be explained in part using
the redox ladder concept. Methanogenesis cannot occur
until sulfate is consumed.
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Spatial relationship between methane occurance, water-type
and age within an aquifer (e.g. Milk River)

* Methane production
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Modified from Petre et al (2016), Hydrogeol J. 24:1847-1871



Methane [mmol/L or mM|

GOWN data adheres to redox ladder concept, i.e.

methane where we expect to find it.
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Groundwater Age Dating (Carbon-14):

Highest methane production observed in older water
and in the absence of sulfate.

GOWN# CHA4 (ppmv) 14C (yr BP) Water Type

214 70 11062 Na-S04
113 227 18629 Na-504
265 254 7585 Na-HCO3
140 1013 38950 Na-HCO3

972 166654 19676 Na-HCO3




Milk River Aquifer (Our Carbon-14 and Methane Data)

N 1 ~ '*C concentration in DIC (pmc)
A/Taber 0 Sl _04 2 4C concentration =25pme
\ 10 '3. °q 4C concentration <5pmc
+* 770 1%
=0 1 s )
:l — ] > 'D
1 - 0 Age >30,000 y .
0L :ﬂ\_.] .10 .iz
Warner, " .6 2 MJ 54 . i
: ] q *_.Pakowki Lake

0, .
7.71 d.z 8 5
.28 ‘. 9,500 - 20,000y
* Cut,Bank

ﬁy\% * Shelby
43

_:_=ka

Ta gy

; A Uy &1
Mnk;:?m&a_. Ao

....... Riversosd AL
-{4_;-’ ! =10]

I‘zﬂ #30 Age between “ /1

CANADA

e e i s o i s s s o o

U.S.A

“~___Havre

GOWN water wells
Methane conc. (vol%)
X 67.5 (n=3)

A 53.7 (n=3)
+ 1.46 (n=4)

e Within the aquifer,
occurance of methane is
associated with oldest
water..

Modified from Petre et al (2016), Hydrogeol J. 24:1847-1871



Spatial relationship between water-type and age within an
aquifer (e.g. Paskapoo)
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Stable

isotopes

provide

evidence of

methane of a largely biogenic origin in

GOWN wells.

Dryness parameter (C,/Z,.)
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-consistent with a
biogenic origin

-only very few
samples indicate
mixed gas or
possible
thermogenic origin.



The Redox Ladder Concept

The migration of methane further up the redox
ladder leads to oxidation (e.g. by nitrate):
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Methane Isotope Oxidation Trend
(GOWN Wells)
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Future Work (?)

1) Kyrpton-81 age dating of water samples
greater than 41,000 yBP.

1) Metagenomics (RNA and DNA) to identify

presence of methanogens and pathways of
methane formation.



Thank you!

e Questions?
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