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Project Goals and Objectives
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1.

Support the United States’ largest (at the time) prototype CO, capture and
transportation demonstration, with injection, monitoring and storage activities;

. Test the CO, flow, trapping and storage mechanisms of the Paluxy;
. Demonstrate how a saline reservoir’s architecture can be used to maximize

CO, storage and minimize the areal extent of the CO,, plume;

. Test the adaptation of commercially available oil field tools and techniques for

monitoring CO,, storage;
Test experimental CO, monitoring activities, where such technologies hold
promise for future commercialization;

. Begin to understand the coordination required to successfully integrate all four

components (capture, transport, injection and monitoring) of the project; and
Document the permitting process for all aspects of a CCS project.



Storage Site: The Citronelle Oilfield

SECARB Phase Ik

Anthropogenic

Test Site

Structure map and cross section by GSA
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Storage Project Status

Injection commenced on August 20,
2012; ended September 1, 2014
114,104 metric tons of CO, injection
The three year minimum Post-
Injection Site Care (PISC) Period
started on September 1, 2014
Testing and monitoring results
Indicate containment

The D9-7#2 (injector) and D9-8#2
(monitoring) are plugged and
abandoned and the D4-13 and
D4-14 (monitoring) are temporary
abandoned. The D9-9#2 (backup
injector) was transferred to the
AOGB jurisdiction in November 2016
Permit closure process started.

..........................




CO, Injection History

Cumulative Metric Tons CO,
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Non-endangerment




Demonstrating Non-Endangerment of USDWs
and CO, Confinement

 The Class V permit required several levels of
monitoring

— Surface monitoring
o Soil flux, tracers

— Shallow groundwater monitoring

— Deep reservoir monitoring
* PNC logs, fluid sampling, seismic, pressure monitoring

« Experimental MVA activities

* Numerical modeling

— Developed to determine the project’s Area of Review
(AoR) and investigate the advancement of the CO,
plume



Surface Monitoring: Tracer

Leakage most likely to occur
along wellbores that penetrate
the injection zone and/or
confining unit

Periodic injection of a mix of
perfluorocarbon tracers (PFTs)
into the CO,, stream

Surficial monitoring for PFTs
occurred at the injection well and
an additional 8 offset locations

No evidence of tracer release at
any of the nine monitoring
locations.

Date Well ID
D-9-1 ND
D-9-2 ND
D-9-3 ND
D-9-6 ND
D-9-7-1 ND
Invalid
D-9-7 Air Blank Data
o Invalid
& |D-9-8 Data
'g' D-9-9 ND
= D-9-9 Air Blank Air
< Invalid
D-9-10 Data
D-9-11 ND
Air Blank 1 ND
Invalid
Air Blank 2 Data
Invalid
Air Rlank 3 n Nata
D-9-1 ND
D-9-2 ND
D-9-3 ND
D-9-6 ND
© D-9-7 ND
g D 9-8 #2 ND
ﬁl D-9-9 +abandoned ND
N D-9-10 ND
g [po11 ND
- D-982_gaugesample_1 (stream
from D-9-8#2) DETECTION
voa_dec23cylinder_1 (Denbury
cylinder from Dec 23) ND
System Blank ND




Shallow Groundwater Monitoring

« Performed on a quarterly basis as required by the UIC permit at 4
locations

« A total of 24 events occurred (3 baseline, 8 during injection and 13
post-injection)

» Multiple lines of evidence are required to determine that injected
CO, is not influencing the USDWs

o Decrease in : Increase in Increase in
Monitoring Well pH Increase in TIC Alkalinity Metals_
Concentrations
D-9-f MW-2D Yes No No No
D-9-7 MW-25
D-9-9 MW-1
Water Supply Well

Furple Shading = A potential line of evidence for carbon dioxide influence is present
Elue Shading = A potential line of evidence for carbon dioxide influence is not present
TIC = total inorganic carbon

- | Multiple lines of evidence do not indicate CO, leakage into
USDWs.



Deep Reservoir Monitoring

 Deep PNC logs
* Deep fluid sampling
— Unreliable results due to poor sampling procedures

Seismic Program

— Cross-well seismic
— Vertical Seismic Profile
* Inconclusive

Pressure monitoring



Pulsed Neutron Capture (PNC) Logs

Application: measure changes in formation gas saturation behind casing

CO, breakthrough was observed at the D 9-8 #2 well in the August 2015

PNC log and confirmed in a November 2015 repeat

No evidence of gas saturation was observed within or above the

confining zone
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Time-lapse Cross-well Seismic
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an increase in travel
time through a geologic
unit

« Crosswell seismic was

acquired between the D
O-7#2, and the D 9-8 #2

« Baseline in January
2012 and time-lapse
survey during injection
in June 2014
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Pressure Monitoring
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Experimental MVA Activities:
Modular Borehole Monitoring (MBM)

7" Casing

2 7/8" TRS-8 Tubing
Flatpack

Geophone TEC cable

Clamp Hydraulic line
spliced from flat pack

18 Geophones

Breakout of flatpack end:
9377

Packer 9426°-9432’
Ni Plated overshot

Deployment of the Modular Borehole Monitoring (MBM) Egrfoerzl:g: Chrome Thg
Conventional geophone array (left) and yellow flat pack U-tube fluid sample inlet
containing the fiber optic based DAS array (right) Fiber/Heater cable

P/T Gauge

I The addition of the MBM system to the MVA portfolio for the Anthropogenic
Test provided the project team with a robust monitoring tool to measure the
fate and transport of CO, in geologic storage reservoirs that could be
utilized for future geologic storage projects.

| System could not be retrieved and forced PA of the D 9-8#2 in 2016.



Numerical Modeling

* Monitoring results are matched from the onset of injection through
March 2016, which includes the observed CO, breakthrough at the
D 9-8 #2 monitoring well
« With the addition of permeability anisotropy and a high permeability
zone within the ‘9460" sand, CO, breakthrough at the D 9-8#2 is
modeled within the timeframe delineated by the PNC logs.
Well D 3-8 - Pressure Gauge Data
CO, Saturation
4,500 as of 870 ft.
September 1,2014
i
4300 '9?4D'Sand _;:5
'12123{2011 7/10/2012 1/26/2013 8/14/2013  3/2/2014 9/18/2014 4/6/2015 10/23/2015 l._. ‘9,800" Sand = IctDs
Date D9-7 D9-8 0.00
—==Simulated BHP . Actual Gauge 5108 Pressure = Actual Gauge 5109 Pressure Injection Well Observation Well




Area of Review

N 1,360ft (414m) [
e e s basanannin; Fi e
e ! co, Saturation after . o[ersen ], CO, Saturationat
; :E% ':%T:__E 1 Year of Injection o E' EE e 1 ~10 Years after End of
£ i i| September 1%, 2013 2| . Injection
co, |Lfiniinms : Saturation £ | December 31, 2024
Saturation .., 0.75 - eiSERaSEEE., Bt
075 g T e oss | | HEEHEE
Io_ss £ H['ﬁ:q#ﬂun ! : =
2 = HRHH-i CO, Saturation at the 0.60 e e -
060 | = ,:ﬁtii End of Injection . | loss | laiac] 2000t (s10m) Fgt CO, Saturation at
N oss | S b E September 1%, 2014 o 2| el ' "20YearsafterEnd of
joss T .ILE-BU\:t[EHn:; w e b i N Injection
" ) 5 =% |Z| M @ . December 31,2034
] § —10.30 i
—0.30 § (hamas: i CO, Saturation at 1 Year s N 03 HEEEHHE .
* oz | 2 | ! after End of Injection ' e ™
0.15 % [his fsEseet i September 1%, 2015 0.15 e e
Io_-gg TRt e anall] : I"-u‘8 e 2000 (s10m) | i CO, Saturation at
1,600ft (488m) : 0.00 el by ~ " ~30 Years after End of
Iz S E , b, CHil Injection
3 iy CO2 Saturationat 3 Years ””' December 31%t, 2044
= tem o after End of Injection
] i September 1%, 2017
& , g ; isimaRiRsaaies
m“[ I I[IJ

The estimated radius of the CO, plume 30 years after cessation of injection is
approximately 1000 ft. (305m), which is less than the project’s initial AoR of 1,700 ft.



Non-endangerment Summary

« Sufficient evidence was provided by the suite of surface and shallow
monitoring, deep MVA and modeling efforts to indicate successful
non-endangerment at the site.

No CO, release or buildup was detected using groundwater analysis, tracer
detection, and soil flux monitoring.

PNC logs, cross-well seismic, VSP and pressure monitoring were all parts of
deep monitoring activities.

No evidence of gas saturation was observed within or above the confining zone
based on the results of repeated runs of the pulsed neutron capture (PNC) log
during the injection operation.

Cross-well seismic results show no negative velocity anomalies in or above the
confining unit implying no detectable leakage out of the injection zone, and
containment of CO,.

Simulated distribution of CO, through the injected geological layers demonstrated
confinement within the injected zone

Models indicate that the plume does not exceed the original AoR predicted in the
baseline model.

The maximum movement of CO, is less than 1,000 ft. (305 m) in any direction 30
years after the injection ceases



Closure Activities




D 9-7#2 Plugging and Abandonment

D 9-7#2 on December 10th, 2017

D9-7#2 plugging and abandonment report stamped by PE as required by ADEM

Sent to ADEM and waiting on approval.

Denbury® Currently Selected Schematic
Secu D 9-7 #2 Inj
sface | egal Location: Fault Block:
ame T Sae 0 = CartgEa T cTaTa = s
Citronelle |Unassigned SECARB-D-9-700 [Pa - Pe [ 31°3'53604"N_|88° 10'65.624" W

o Ew s T S
162.00 180.00 18.00 Original Hole- 11,780.0 ‘ Original Hole-28.0
B = s oo e [ s e o
127272011 12/18/2011 1212412011 1212612011 12/28/2011 | I l ‘ 12172017
[T 0009 Original Hole, 12/20/2017 1:14:20 PM
Vertical schematic (actual Z MD)
‘ertical schematic (actual) one. (RKB)

[““ 11/3012017; Cement Plug; 28
(BAL

[~ 1172912017; Cement Retainer; 1.115-
1,116, TAGGED

11729/2017; Cement Plug; 1,116-1,169;

200 sx (INTERNAL & EXTERNAL)

TAGGED

12/412011; Surface Casing Cement; 28-
2,520; 1125 sx

11/27/2017; Cement Plug; 2,270-2,520; 60
sx (BALANCE PLUG) TAGGED & TSTD

11/27/2017; Cement Retainer; 2,520
2,521; TAGGED

111272017; Cement Plug; 2,521-2,574;
150 sx (INTERNAL & EXTERNAL)

GED

12123/2011; Production Casing Cement;
28-6,016; 805 5x

11721/2017; Cement Plug; 3 667-3,950; 60
sx (BALANCE PLUG) TAGGED & TSTD
1000#

11720/2017; Cement Retainer; 3,949-
3,950; TAGGED

11721/2017; Cement Plug; 3,950-4,004;
150 sx (INTERNAL & EXTERNAL)
TAGGED

11/17/2017; Cement Plug; 6,212-6,688; 70
sx (INTERNAL & EXTERNAL) TAGGED
Sz97/8

12/2312011; Production Casing Cement;
6,016-11,780; 715 sx

11/18/2017; Cement Plug; 9,136-9,336; 41
sx (BALANCE PLUG) TSTD 1000#
11/13/2017; Cement Retainer; 9,336-
9,337, TAGGED

11/1412017; Cement Plug; 9,337-9,800;
257 sx (INTERNAL & EXTERNAL)
TAGGED

11/10/2017; Cement Plug; 10,447-10,747;
80 sx (BALANCE PLUG) NOT TAGGED
11/912017; Fill; 10,747-10,790; TAGGED
1/18/2012; Cement Plug; 10,790-10,800;

VOL NOT REPORTED (BALANCE PLUG)
NOT TAGGED

1/18/2012; CIBP; 10,800-10,801
TAGGED

-138; 26 5x 2=
LANCE PLUG)
w20/

s S5 15 1 017 26 \WEL D) STEEL CAP - PA; =]
Plug Back Total Depth
[Date:1172172011; OD: 5
Grade:J-55: Depth MD:18-78

11729/2017; 1,185-1,169; Sqzd 200 sx - =
112917

[Grade:J-55; Depth MD:28-2.620
11127/2017; 2,670-2,574; Sqzd 150 sx -
12717

10/18/2017; 4,000-4,004; Sqzd 150 5x -
2117

11/17/2017; 6,579-6,583; Plgd 70 sx - e
1MNTNT

1/1912012; 9,436-9,454; Sqzd 257 sx -
11517

1/1912012; 9,460-9,474; Sqzd 257 sx -
11517 sy
1/1912012; 9,514-9,524; Sqzd 257 sx - sk

[ nsn7 ¥
1/1912012; 9,534-9,546; Sqzd 257 sx -
[1nsin7 |

1/1912012; 9,570-9,580; Sqzd 257 sx -

1/1912012; 9,604-9,622; Sqzd 257 5X -
1n1sn7 [
1/1912012; 9,627-9,628; Sqzd 257 sx - e
111817
1/19/2012; 9,698-9,718; Sqzd 257 sx - aems
— /11517

1/1912012; 9,732-9,744; Sqzd 257 sx -
" 1ilEHT,
1/1912012; 9.772-9,800; Sqzd 257 sx -
111817

OD:7; Wt
th MD:28:

[Date:127237201
D

0;
Grade:L 1,780
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D 4-13 and D 4-14 Temporary Abandonment

Denbury® iy Schematic
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122772017; Cament Plug; 10,100-10.410 s

265X
11/162008; Cament Plug: 10,398-10.523;
505X

526/1952; Sand; 10,537-10,567; S 20140
frac sand on fop of isn

11/1372008; Sand Pug; 10,537-10,887
88/1988; s 10,587-10,597; Baker Mod.
D packer WS x2 38" pup JL 8 WLEG.

D-Rpugin Mod.D Packer

55211952 10,339 P8 11708
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Next Steps




Project Next Steps

Complete post-injection monitoring

- Required until permit is closed

Close out UIC permit

Transfer of test site to oilfield operator

Publications in peer-reviewed journals



