~

' A\
rreeeee

||||

Monitoring CO, Geosequestration
Using
Distributed Thermal Measurements

Barry Freifeld

Earth Sciences Division

Sixth Annual Conference on Carbon Capture & Sequestration
May 7-10, 2007 Pittsburgh, Pennsylvania
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 Why use temperature measurements?
 What is thermal perturbation monitoring?

« Application of Distributed Thermal Perturbation
Sensor (DTPS) — Yucca Mountain, Nevada, USA

« DTPS monitoring of CO, Geosquestration
« Conclusions
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Why use temperature to monitor CO2 . /\
sequestration? PN

CO2 storage in a saline aquifer or depleted gas
field will

—Alter the formations temperature
—Change thermal conductivity
—Change specific heat

Thermal properties can be good proxy for fluid
phase saturation

Temperature is

—Relatively easy to measure
—Data is accurate and repeatable
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* Apply constant heating along wellbore

Two components needed-

— Distributed Temperature Sensor:
fiber-optic based high spatial
resolution temp measurement

—Linear Heater: Electrical resistance
heater using a looped copper

conductor

Temperature transient is recorded
Estimate
— Formation thermal properties
— Fluid saturation

— Advective flux
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Thermal Perturbation Monitoring
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The Distributed Thermal Perturbation —
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Sensor

Fiber-optic DTS

Energy Meter

I Temperature

Electrical Generator
Or Grid Power

Depth

Line Source Heater
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EXAMPLE APPLICATION:

DTPS AT YUCCA
MOUNTAIN, NEVADA
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Example DTPS Application —_— .1\.‘
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Saturated Zone Investigation: Yucca Mountain, Nevada, USA

Proposed High-
Level Radioactive
Waste Repository

Lecation of the proposed monitored geologic repasitory at Yucca Mountain, Nevada
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Example DTPS Application — Monitoring U
Groundwater at Yucca Mountain, Nevada reece I
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« Air Rotary Reverse-

Circulation Drill 425 m boring Location of DTPS:
NC-EWDP-24PB NC-EWDP-24PB

 Wellbore Completion

—4 U-tube geochemical

samplers (same design as
used at Frio Brine Pilot)

—Distributed Thermal
Perturbation Sensor

 Acquire DTPS Data
—20 W/m

— Monitor heating 48 Hours,
Cooling 48 Hours
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Wellbore Completion Details .7,

24PB Monitoring System

« 2” F480 SS piezometer Piezometer Tube Tracer

\ Injection Port

*Four U-tubes Geochemical Samplers Tormporature EEL

% _  Bentonite/Sand
Sensor._ £ 1= '
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*Outside of piezometer:

*Fiber-optic DTS- 50/125um

multimode fiber in 6 mm OD

stainless steel jacket

‘Wellbore heater- 14 AWG TC 2 Geochemical

0 . S ling—
conductor direct burial e

L gl

Electrical
Heat Trace

QQVU
0 nf\_o NS Vi

o

e
o O%
Y
SRR T
NIRRT

Tavs
ol
N}

7

0.
S o
'éﬂnno

O

(i
2%

00'.{]“ +
v G0N
20400

u."og'
% OQ ‘b

59§70
Dn_no

..“““J o

o
—

o

ihiteit

2]

0TS

1M T
|

NWOT-008

meaassssssssssssm L AWRENCE BERKELEY NATIONAL L ABORATORY



Installation of the DTPS and 4 U-tube Fluid /\I .
Samplers rrrrrrr |||‘
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NC-EWDP-24PB Baseline Thermal Profile /\| ‘{h
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48 Hours Heating: 20 W/m cece) |

100 150 200 250 300 350
Depth (mbgs)
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Analysis of DTPS Data receny] B

 Numerical model (TOUGH2 heat/mass
transport code) explicitly
incorporating wellbore completion

« Simulate heat conduction and fluid
advection

e Assume instantaneous thermal
equilibrium between formation and
fluid



2-D Numerical Grid
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Relationship Between Fluid Flow and /\I .
Increase in Temperature
it

T: 36.0 36.5 37.0 37.5 38.0 38.5 39.0 39.5 40.0 40.5 41.0

Flow = 0.0 L/min-m?

0.6 | |
N’E‘ — Model (Bensand)
c 0.4 - — Model (8/12 Sand)
£
=
x 0.2
: =
Flow = 0.1 L/min-m?® o \
0.5 0.0 \
0.0 0.2 0.4 0.6

AT (°C)
Eo0.25

o , The numerical model is
Flow = 1.0 L/min-m* used to estimate fluid
o flux based on
measurements of AT
(AT=T(48hrs)-T(24hrs))

0.25

0 i
17.5 18 (m) 18.5 19
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DTPS Data Interpretation f\l \
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1.00 \ 0.4
W\ — Temp
0.75 Flux |+ 03 g
P | 5
) 0.50 - 0.2 =
= S
= |5
0.25 w Lt 01 2
0.00 * w 0 | Depth | FuuidFiux | RSOt
bgs) (L/min) Ischarge
100 150 200 250 | (mbg (miyr)
Depth (mbgs)
132-145 1.9 77
145-205 3.0 26
205-241 3.6 52
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Why apply DTPS for CO2
Geosequestration?

DTPS response can change because
» Advection of brine or CO,

* Thermal diffusivity changes because brine/gas is
replaced with supercritical CO,

DTPS Measurements can detect:
« CO, Leakage into cap rock or around casing
* Vertical distribution of CO,
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DTPS: CO, replaces Brine ey
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7.5
Assume:
i / ¢ Ky 2.1 W/mK rock/brine
o * Kierm 1-9 W/mK rock/CO,
© * Ko Varies linearly with S,
T
w 53 . T=75°CP=17.7 MPa
=
£ « porosity 0.30
<
% 6 / - No Advection
= - Heat 20 W/m
<
5.5
DTPS sensitive to changes in CO,
saturation (5-10% change clearly
S w w w w measurable)

0 0.2 0.4 0.6 0.8 1
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Numerical Simulation of DTPS for =
CO2 Sequestration in Brine rrece)
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«2-D simulation of stratigraphic trap
*10 m horizontal grid — 1 m vertical grid
*Brine filled reservoir- 75°C 17.7 MPa

*CO2 Injected at 50°C, Q.. 1 kg/s per 10 m thickness
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Injection 1 month ereer?) p
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Injection 1 month
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DTPS Determination of CO, Leakage N A
Through Cap Rock ezee)
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2 Year After Start Injection

10 microDarcy
- 1 milliDarcy
-5 -\
Cap Rock
-10F
g |
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0.20 |-
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* Yucca Mountain, Nevada example shows DTPS
effective for monitoring hydrologic processes

For monitoring CO, Sequestration

* Formation thermal properties vary with CO,
saturation

« Spatial distribution/saturation of CO2 can be
monitored using DTPS

« CO, leakage into the cap rock can be detected
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