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The Gulf Coast Carbon Center
has been actively studying carbon

sequ eﬁh’ m n tec Iuologesfor

GCCC Environmental
Monitoring Experience

« SWP SACROC Field

« SECARB Cranfield

« Hastings

 NRG-Petra-Nova/West Ranch

* Pl of the IPAC-CO, Kerr Leakage
Claim, Canada

« ZERT Controlled release

« Brackenridge Controlled Release
Field lab

 Inform policy within UNFCCC, US
Congress
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Environmental Monitoring
Presentation Outline

« Qverview
* Objectives and components

« Challenges/opportunities for
improvement

— Source attribution of anomalies = {f
— Baseline comparisons
— Public engagement

« Example: Kerr Claim

 Transition from concentration—
based to Process-based
monitoring

 Summary
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Overview of Monitoring Zones

SO e
N

S \\

Strong variability, dynamic,
many challenges, release

“Near-Surface” | Vadose zone to atmosphere, biosphere
Monitoring Impacts
Shallow Moderate baseline
groundwater variability, assurance of

no damage to drinking
water, easy access

g Above Minimal variability, early
Zone Intervals detection, small signals

Static, quiet environment,
variability is from CO,

Deep™ N . injection, CO,/brine
Monitoring | Reservoir : :
migration

Figure courtesy of Sue Hovorka
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Why Monitor in the Near-Surface?

— Accessible and inexpensive

— Direct observation of
environmental resources
« Groundwater
« Soil Biosphere

— Regulation & permitting
— Quantification and accounting
— Monitoring remediation efforts

— Fast and targeted response to
public concerns
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Environmental Monitoring
Challenges

« CO, is naturally everywhere!
* Reactive
« Dynamic over space and time
* Biologic respiration
— Weather/Climate
« Soll conditions

« Land Use (industrial
activity, agriculture,
groundwater extraction
etc..)

* Very difficult to discern leakage ,
from n atu ral Varl abl I Ity_ Source: DOE, 1999: Carbon Sequestration Research and

L. Development
e Critical to understand
processes.
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Components of Near-Surface
Monitoring

v'Locate anomaly
v’ Attribute source
v Quantify emissions

v Engage
stakeholders
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Balanced Approach to Locatlng
Anomalies

Sampling Grids

— Dense grid of point measurements
— EXxpensive and time consuming.

— Doesn’t cover full area

Targeted

— Based on risk assessment,
— Environmental change
— Public concern

* Remote Wide-Area Sensing

— Excellent spatial coverage
— Interferences/vegetation/wind
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IEAGHG Interactive Monitoring
Selection Tool

@ iea Il IEA Greenhouse Gas R&D
Programme

IEAGHG.org

Monitoring Selection Tool

Reservoir location Reservoir depth Reservoir type Landuse at site Monitoring phase Monitoring aims Tool package
@ Onshore @ 0.5-1.5 km @ Aquifer @ Settled @ Pre-injection 1 Plume ] Calibrate @ Core
©  Offshore @ 1.5-2.5 km o ol ©  Agricultural @ Injection ] Top-seal 1 Leakage ©  Extra ..'
©  Both @ 2.5-4 km © Gas ©  Wooded ©  Post-injection ] Migration ] Seismicity o Al |
@ >4km @  Coal @ Arid @ Closure 1 Quantify ] Integrity
) Protected [ Efficiency [ Confidence

1| Injection rate (Mt/year 0 Duration (vears) EXPORT CSV BENCHMARK TOOL CATALOGUE HELP PRINT l

=

» Description of tool

« Maturity of the technique
» Cost of deployment.

« Case studies

* Bibliography
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Determining What is
“Anomalous”

« What constitutes an “anomaly (e.g. a
potential leakage signal)?

* What parameter should be used to indicate
leakage?

 When is action required (e.g. thresholds,
trigger points) ?

— “When measurements of a given
parameter exceed natural variability by
one standard deviation about the mean”

10
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Current Thinking on “Natural
Variability”

» Measure “baseline” CO,
fo r 1 = 3 ye a rS b efo re S.E. Beaubien et al. / International Journal of Greenhouse Gas Control 165 (2013) $236-5262

10 4

y' E : - Sept. 2002 2003 2004 2005 2011
3] - )
e - -

* Monitor CO, during | |
project and compare to R T R

project starts to 15
document seasonal ' J * + . * * *

on (%)

- 0
baseline. R
¢ S|gn|f|Cant INncrease from Weyburn field soil gas monitoring

baseline during a project
could signal a leak

11
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What about a "Background
Reference” site?

Statistical distribution of soil gas
CO, (sampled in October 2011) at
sites within the WMP (Beaubien et
al., 2014). The background area
- -~ | (Minard’s Farm) and the Kerr

: - I* ) Farm (where leakage was alleged
0'% = ﬁ l* = | but disproven) are shown along
Grd HP8 HPG W2zswWizas wer wminard b with 5 other sites within the WMP.

RN D
I A 1 M

CO, concentration (%)
Mo

Weyburn field soil gas monitoring
Beaubien et al., 2013
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nature
Vol 464|25 March 2010|d0i:10.1038/nature08930

Temperature-associated increases in the global soil
respiration record

4,000-{ m Boreal
@ Temperate ®
® Tropical

3,000

T

> [}

(E 2,000 e

o

e °

Q:m ® e 0o ©

' e e o ol

[}

1,000

NI T

I T T T I
1960 1970 1980 1990 2000
Year

RS = the flux of microbially and plant-respired
CO, from the soil surface to the atmosphere,

“Baselines” are Shifting!

Available online at www. ect.com
“=.” ScienceDirect

Geochimica et Cosmochimica Acta 72 (2008) 5581-5599

Geochimicaet
Cosmochimica
Acta

www elsevier.com/locate/gea

Increasing shallow groundwater CO, and limestone weathering,
Konza Prairie, USA

- e ; Lt :
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Fig. 7. P-CO; cycles annually and has been rising in Konza Prairie groundwater. Speciation modeling of groundwater from two wells, 3-5
Mor, 6.3 m deep (shaded squares) and 4-6 Mor, 12.6 m deep (filled squares), shows that log P-CO; cycles annually: points are connected with
lines, without smoothing. Kendal Theil lines (see text) are shown for time series for both wells (dashed line, well 3-5 Mor; solid line, well 4-6
Mor). The increase is highly probable (p << 0.1) and tau values are positive for both trends (see Table 2). In any year, highest P-CO; occurs in
September to November and lowest P-CO, occurs in February to April. Large white symbols in 2005 are measured dissolved CO; in the two
wells (circles, 3-5 Mor; squares, 4 6 Mor); the measured values correspond well with model-predicted results. Atmospheric P-CO, (mixing
ratio) from Niwot Ridge is shown as a heavy line.

Increased dissolution of CO, in groundwater

and associated mineral dissolution
13
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...and at our Monitoring Sites

Background CO, concentrations at
Cranfield over 6 years (all depths)

CO, (volume percent)

6002/1/6 L,
010Z/9/0T
g 1107/0T/T1
o
crog/vi/an
¥10Z/8T/T
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bution 1s Critical

ntrol 41 (2015) 29-40

Source Attr

International Journal of Greenhouse Gas

3
Contents lists available at ScienceDirect

Greenhouse
Gas Control

« BEG’s experience in
attribution: 2 blind
anomalles- Cranfleld Improving monitoring protocols for CO2 geological storage with @Cmm,k

technical advances in CO; attribution monitoring

an O m aly an d Ke rr Tim Dixon?, Katherine D. Romanak"*
2 |EA Greenhouse Gas R&D Programme, Cheltenham, GL51 65H, UK
Claim

International Journal of Greenhouse Gas Control

journal homepage: www.elsevier.com/locatel/ijgge

® Gulf Coast Carbon Center. Bureau of Economic Geology, The University of Texas at Austin, Austin, TX 78713, USA

ARTICLE INFO ABSTRACT
- - Article history. Existing monitoring protocols for the storage of carbon dioxide (CO; ) in geologic formations are provided
e r I I C u t Received 28 September 2014 by carbon dioxide capture and geological storage (CCS)-specific regulations and bodies including the 2006
Received in revised form 15 May 2015 Intergovernmental Panel on Climate Change (IPCC) Guidelines for National Greenhouse Gas ies,

Accepted 20 May 2015

Available online 8 August 2015 the European Union (EU) CCS and Emission Trading Scheme (ETS) Directives, United States Environmental

Protection Agency (US EPA) Final Rules, and the United Nations Framework Convention on Climate Change

Xeyword (UNFCCC) Clean Development Mechanism (CDM) Modalities and Procedures (for developing countries).
I L‘?s“m s These protocols have varying levels of detail but similar pnnrlplcs and requirements for monitoring, and

Monitoring all include the need to quantify emi and e impacts in the event of leakage

= . - Regulations to the surface. What they do not all include is the clarification that quantification menitoring should

OS ItIVeS I S m u C h re ate r Ketr Farm only be undertaken in cases where CO; has been attributed to leakage and not when leakage is only
p Attribution suspected. Quantifying suspected emissions is a significant monitoring challenge and undertaking, and
C0; storage may rely on acquiring large data sets over long time periods. This level of effort in monitoring would

Leakage be unnecessary if the source of CO; detected at the surface is attributed to natural sources rather than

th an th e rl S k Of I e aka e from leakage, but a step to attribute CO; source is either missing from these protocols or is outdated
J in technical scope. Regulatory bodies call for protocols to be updated based on technical advances, and

ongoing technical advances into leakage monitoring have now benefited from a first-ever public claim

of leakage over a geologic CO; storage site in Saskatchewan, Canada, bringing more emphasis on the

A A role of attribution monitoring. We present a brief update of some of the newest technical advances in

aS aCC u ra e a rl u I O n attribution and suggest that CO; “attribution monitoring’ could now be included in monitoring protocols
to avoid unnecessary and costly quantification monitoring unless it is fully warranted. In this context,

this paper describes an option to improve the existing protocols for monitoring CO; at geological storage

1 < R I I I ‘ A L f b I 1 sites made possible because of recent developments in near-surface attribution monitoring techniques.
I S O r p u I C © 2015 Elsevier Ltd. All rights reserved.

acceptance Dixon and Romanak, 2015, Improving monitoring protocols for CO,
geological storage with technical advances in CO, attribution

monitoring, IJGGC vol 41 15
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Attribute, THEN Quantify

Summary of the six main monitoring activities for the CCS regulations discussed in the text.

Regulatory US EPA
Body IPCC GHG London OSPAR UNFCCC Clean
Guidelines CCs ETS Conventionand Development UIC Class Viwell GHG reporting

Monitoring Directive Directive Protocol Mechanism regulation Subpart RR

Objectives:
Overall Objectives

GHG accounting | Protection of the

Protection of | GHG Protection of Protection of ) . GHG
) . ; ) and protection environment )
GHG accounting the accounting the marine the marine e { irdargrateil salines accounting
environment environment environment €
environment of drinking water)

Baseline/
Background \/ \/ \/ V’ \/

Measurements

Zin L \/ ‘/ Onlyin terms of | Onlyin terms / OS:ST;E::: olfume

Performance retention of retention :xten t L+

Detection of Leaks

or Anomalies v v v v v v v

Attribution of e e Not included as Mentions in

Leaks and/or rnal astep bdl-'t EHE Cl‘}nti*gof

Anomalies haselipe isotopic acr.;o:::;z :ft - C::::::I:I'E‘t i:i ns.
| Not monitoring Not included as
inclucded as a step GeE e Sy

Environmental ‘/ / ‘/ ‘/

Impacts ‘/

Quantification of ‘/ ‘/ v ‘/

GHG

Dixon and Romanak, 2015, Improving monitoring protocols for CO, geological storage with technical advances in CO,

attribution monitoring, IJGGC vol 41 16
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News of a “Leak” at the Kerr Farm
Weyburn Field: January 2011

Carbon Injected underground s leaking: Sask.

L 2
e farm Wask in pieg
o coup\e {0 leave fa ;’: Mews 1, Bacteriy
o ‘Emm\e\\a! view N e Week
W pTeRsS are |eak forces = Ughy ;
(‘_;«n'\'.\On cap sops 64200 gsT geat 2SS and 02
suinea Torsduh 230 3457 s of laweUES:

o hatay
4o Saskachewan 1 ®
par abard

CBCNews
" Home Werld G

Tacts . BWAIL | PRINT | Taxt 524 SML XL REPDRT TYPO | SEND YOUR FESDBALK |

CO2 leaks worry Sask. farme

Commants O 104 Recommend

" el

Cameron and Jane Keffiwm
u dergr The Candd\aﬂ prass above the Waybumn oilfield in a3ste
nifer hat, - Saskatchewan, have released a
er @ Jen j commen consultant's report that claims 1o link
By Bob ;11‘,20 122 high concentrations of carbon dioxide in
their sod to gas injected undarground
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Alleged Land Disturbances
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IEAGHG Weyburn-Midale CO,
Monitoring and Storage Project

Largest geologic CO,
Geoscience Framework IO e monltorlng and Storage

Study Area

ey e project

s % - . Since 2000 > 24 M tonnes of
CO, injected

* CO,-EOR operated by
Cenovus Energy

e Studied by an international
team of CO, storage experts

« Managed by Petroleum
Technology Research Centre
(PTRC)

Rostron and Whittaker, Energy Procedia 4 (2011)
3636-3643

19



Industry and.Government
Response

» 1998: (Operator) Weyburn Pump and
Water Conditioningest

report

e 2002 —2005: (Operator) Farm well

Inventory Project, regional
o ep analysis

e 2004: (Operator) KBL Land Use

Consulting LtdS,_gravel pit water and

soil samples

* 2005: (Operator) Enviro-Test Analytical
&

» 2005: (Government) Saskatchewan
Health Provincial Laboratory, gravel

pit and domestic wé

» 2006: (Operator) Aqua Terre Solutions

Inc., well and gravel p

-
=

¥

2006: (Landowner) MR2 McDonald &
Associates{water qualityinvestigation

2007: (Landowner) Consultation with
Dr. Malcolm Wilson, Office of Energy &
Environment, University of Regina

2008: (Government) Ministry of
Environment — Review of studies

2008: (Government) SRC Analytiea
Laboratories, soil, water an o’@
monitoring

2008: (Government) Droycon

Bioconcepts Inc., Bacteriological
content

2010-2011 (Landowner) Petro-Find
Geochem Ltd_Soil gas surveys




WHAT STARTS HERE CHANGES THE WORLD

Petro-Find Conclusion

ol // ',- ' »\\:‘“ Tt )
% P (2 | "The...source of the high

concentrations of CO, In
solls of the Kerr property is
clearly the anthropogenic
CO, Injected Iinto the
Weyburn reservoir.”

Source: Lafleur, P. 2010. Geochemical Soil Gas
Survey: A Site Investigation of SW30-5-13-W2M
Weyburn Field, Saskatchewan. Saskatoon, SK:

Petro-Find Geochem Ltd.)
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How To Avoid This?

* High risk of false positives
from Iinaccurate attribution.
News of a “Leak” at the Kerr Farm

* Need protocols and P o
techniques in place before a
project begins.

— Methods,
— Parameters
— Trigger points

* Need quick response tools
and protocols that do not
rely on “background”
measurements.

22
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Process-Based Soil Gas Ratios

C 30

A25 Respiration and/or CO: leakage
mixing with air t input
Sy e 100 - 25 02
20 Biological respiration Nz e —
CHz0 + Oz— CO2 + H:0 Nz depleted enriched > cox o
™ N\ 80 leakage natural & 20 4 dissolution
E 15 - 3 signal signal g
° Oxidation of CH« g 3154 Biological Respiration
2 2\ CH: + 20;—> CO: + H:0 3 g
10 4 A S P
S EEEN s 0 10 4
O @ Exogenous o S I:A ans Ot
PORIEN iti ethane Oxidation
5 addition 5
-luv'."‘m. AN of CO2 ;
3 {
0 T T T T T 0 1 J
0 10 2 30 0 15 35 55

N2/O2

CO:z (% volume)

« Uses simple gas relationships to identify processes.
— Biologic respiration
— Methane oxidation
— Dissolution
— Leakage

* No need for years of background.
« Method can be applied in any environment regardless of

Varl ab I I Ity Romanak et al., 2014, International Journal of Greenhouse Gas Control, 30, 42-57
Romanak et al., 2012, Geophysical Research Letters, 39 (15). 23
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Leakage Allegation Discounted

.
eco ust]ce Canada's leading charity using the law to protect and restore the
J environment. €3

| support

Publications

“In a media release S —
] Youa Media Releases # Long-awaited investigation into COZ2 impacts a 'win for all Canadians’

re here: Home #» Media Centre »

FOR IMMEDIATE RELEASE

ECOjUStice Iawyer Barry Long-awaited investigation into CO2 impacts a ‘win for all Canadians’
Robinson, who W e —
represented the Kerrs, Weyburn CO; ”."“ﬂ"""“-‘E”"mfaiffa‘?’,id,-mne
accepted the IPAC-CO2 9 false alarm )

study’s findings while
emphasizing its necessity,
saying that “without a full
scale investigation, it has
been impossible until now
to rule out CO,
contamination.”

Romanak et al,. 2014, Process-based soil gas leakage
assessment at the Kerr Farm: Comparison of results to
leakage proxies at ZERT and Mt. Etna, IJGGC vol 30

24
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Ramifications for Monitoring

ZERT Controlled Release Experiment, Montana USA

O, (volume %)

0 40 60 80 100

0 2 4 6 8 10 12 4 16 18 20
CO, (volume %) CO, (volume %)

Respiration relationship = “Baseline” or “threshold”

25
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“User-Friendly” for Public Engagement

« |Instant data reduction

* Reduces risk of false positives.

« Graphical analysis

« Continuous monitoring capability will give instant real-time leakage
detection information.

25 - 100 -
90 -

| Leakage © | Leakaggs
—_ " 3 1 i}
X 15 2 w0 Fleld 3
] c )
£ 2 50 A ol
3 S =
o < 40 A o
=10 ) °
o o 30 A °

20 - ® b
5 ]
(7 10 - 0
Q °
0 0 T T T 1
0 I I I I I I I I I I I I I I ! 60 70 80 90 100
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 N, (volume %)
CO, (volume %)
26
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Quantification and Remediation
Monitoring

Translating Ratios into Surface Flux

Quantity of Quantity of
Respiration Leakage

VR

Respiration

0, (volume %)
ST

ad mh
> o

-
w

: Qe =
i el : - 0 2 4 6 8 10 12 14 16 18 20
https://www.youtube.com/watch? CO, (volume %)

nt/facilities v=i5sTnGPesKE

EF= (C)Q) o et

A C, = measured concertation of
species i in vol% converted to
ug/m3

Q = sweep air flow rate in m3/min

A = exposed surface area in m? 27
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Summary and Recommendations

« Environmental variability is a significant challenge for environmental
monitoring.

* Most protocols call for the use of baseline values to determine if
variability is from leakage or natural variation.

« Baselines are shifting due to climate change and will not provide
accurate “attribution” of anomalies.

* Recognizing the importance of “attribution” is critical to environmental
monitoring but most protocols and regulations do not include attribution
as a monitoring step.

« Attribution should precede quantification.

« The Kerr claim shows a great need for accurate methods and protocols
for attribution to be in place before a project begins.

* The risk of a false leakage claim due to inaccurate attribution is likely
higher than the risk of actual leakage.

« Aprocess-based type of approach may give more accurate, immediate,
and stakeholder-friendly monitoring results and may be useful for
guantification and remediation monitoring.

28
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Thank You

Katherine Romanak
Gulf Coast Carbon Center
Bureau of Economic Geology
The University of Texas at Austin

katherine.romanak@beq.utexas.edu
http://www.beg.utexas.edu/gccc/

== BUREAU OF
= Economic
a0 GEDLGG'T' i GLUALF COAST CARBON CEMTER

29
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Isotopic Signature

Data Sources
B
ackground C_OZ Andres et al,. 1994
range (tekrrestrlal)

Redondo and Yelamos, 2005
Whiticar, 1999

—_—

|
FERTILIZER PRODUCTION i
NATURAL GAS E
PETROLEUM i 613C not
3¢ i always
| CEMENT T
= definitive

METHANE OXIDATION |
= ———_

C4 AND CAM PLANTS

C3 PLANTS

SOIL

MARINE CARBONATE REDUCTION

-100 %0 -8 -70 60 -50 -40 -30 -20 -10 O 10 20

13
67C (%o)
* — — — —
Terrestrial Marine Anthropogenic  Non-anthropogenic

AR background  background ambiguous
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Groundwater Monitoring
Network Efficiency

o ~ xim _ Yang et al., 2015,
- ' Environmental
Science &
Technology 49, 14

 For Cranfield case:
1 well/lkm needed
to detect a leak
within >20 years of
release.

*  Monitoring
network efficiency

Unit; wells/km?

MN1: 0.322

depends on MN2: 0.124
regional hydraulic MN3: 0.173
: MN4: 0.223
gradient, Iegkage NS ()22
rate, flow direction, MN6: 0.371
and aquifer MN7: 0.371
heterogeneity. MN8: 0.866
MN9: 0.742

31
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Process-Based Example

« Uses geochemical
relationships to
identify key
processes rather
than concentration
comparisons

¥

Biological respiration
CH,O +|0,|—|CO,/+ H,O

Oxidation of CH,
CH, +#20,|— C;O,. +H,0

Exogenous
addition

I I I
10 20 30
CO, (% volume)

32



