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Simplified Discrete Fracture Network (DFN) Approach
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COMMERCIALLY AVAILABLE MULTILEVELS
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HEAT TRACER TEST IN FRACTURED
SANDSTONE AT AN ISCO PILOT TEST SITE




Test Boreholes




KEY COMPONENT OF TRACER TEST DESIGN

 Characterization of Boreholes with DFN
Technique

« As continuous (temporal & spatial) thermal
monitoring as possible

» Comparison of pressure and temperature
effects of Injection

* DESIGN MULTILEVEL SYSTEM TO INTERCEPT
PERMANGANATE INJECTION
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WATER FLUTE INSTALLATION

Liner attachment
to Casing

Water
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Response to Injection
Residual Pressure TEH plots
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Vertical Hydraulic Gradient Pumping Well Shutdown
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Membro Water Supply Well
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Sentry Well Pump Test as Time-Elevation-Head
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Sentry Well 03 City Pump Test
Identifying “Background” for Residual calculations




LR

FEEEEEEE VRN RN ENENN RN RN ENNNIINN NN UM ENEENNNNNYEENEVINNNGNEENEERNILY

o= 0 3600 7200 10800

14400 18000 21600 25200 28800

32400

36000 39600 43200

-
-_
xr
0 3600 7200 10800 14400 18000 21600 25200 28800 32400 36000 39600 43200
- 60

:m; \ [

= = Water St Well Flow \ I

E =—University Well Flow \ !

] Dean Well Pump Flow

2 |

2 1\ 1

E I

0 00 00 ) ) 0 ) ) o0 ® o0 o0
380 3% 72 A8 A4 A§00nds start PubiSing 287 788 3k 360 2%
Residuall_'goressure Start Pump Test
m
Average I T T T T 111 [T T i ) Raaldual Praesura
16/06/16 00:00:00 - 19/06/16 00:00:00 UTC
Subtracted SO ARAAAAAAAALLDLOOLOLOMONALALLESSS sec vs Elev 200

TEH

1 hr grid




}1 0800 14400 18000 21600 25200 28800 32400

.,<-$\~" bl T

SIS P BN B NYYBRNEBYPYNEREEEREEEEYSERE

H PR % e T,
RER, >
SRR L T

o

r
i
I
!
i
E
! {
E
! 1
L
:
IA

o e

o 5 e 1 8 o )

E YR YN Y PEEEEREYSEEINNENYE

EEES

10800 14400 18000 21600 25200 28800 32400 36000

'—I"..-"'\fatér St Wéll Fiowl

University Well Flow

Dean Well Pump Flow |




0.1:0
0.2:0
0.3:0

0.4:0
0.5:0

85
0.8:0

0.9:0
0.10:0
0.11:0

0.12:0
0.13:0
0.14:0

0.15:0

0.16:0
0.17:0
0.18:0

0.19:0

0.20:0
0.21:0

LS -
o ©

—— Water St Well Flow
= University Well Flow
Dean Well Pump Flow

——Membro Well Flow

interpolated (L/s)
N w o
S o

-
=3

A2AARRAQIA1RAN

-1 ‘
3048 0z
3024

240

480

Hours

720

960
1200

3000
2976
2952
2928
2904
2880
2856
2832
2808
2784
2760
2736
2712
2688
2664
2640
2616
2592
2568
2544
2520
2496
2472
2448
2424

#

FE YNNI YRR NN YREBAEINEE

2400
-72-48-24 0 24 48 72 96 1201441681922162402642883123363603844084324564805045285525766006246486726967207447687928168408648889129369609841008032056080104128152176200224248272296320344 36839241840

01/05/16

EEEEEREEENBYBUDUUNTUNEBETEES

Cor—T

HINTT T

P

x
:

TR
S, 4 -
Thded el

coooooo

-0.!
-0.
-0.

-0.!
-0
-0.
-0.
-0.
-0.
-0.
-0.
-0.!
-0.

-0.
-0.

Pressure Gradient
mH20/

0208
158
089
053
026
0016
0005
0001
0008
0015

0.0026

0043
066
081
102
124
0144
0174

226
287
331

433
0809

Upward Gradient

A
v

Downward Gradient

Raw Pressure

Hr vs Elev 10
TEH - No Barro Norm.




~-

8 MLS Ports
- Variable Length
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REQUIREMENTS:

Sensors (1 or 2 to dozens), only restriction is space
Liner

Spine Line

Weight

Hydraulic Perturbation

— Natural

— Induced

Time (weeks — many months)




KEY BENEFITS Superior Understanding of Hydraulic System &

Hydodynamics
Simple
Flexibility
— Time
— Depth
— Resolution
— Reconfigure as needed
— Broad Variety of Applications
» Cost Effective
— Parts reusable
— Robust
Optimize expensive Multi-Levels




OTHER RECENT, CURRENT & PENDING APPLICATIONS
Long Term Monitoring (Sweden, South Guelph, NWT)
Cross Hole Monitoring of Packer Testing, (SSFL & BAFF)

Thermal and Hydraulic Monitoring of Recharge from River (Scout
Camp)

Cross Hole Monitoring of Drilling Program (Hydrite, BC, Sweden)
Cross Hole Verification and Testing of Methodologies

— Heat Pulse Flow Meter Techniques

— DTS & ALS / TVP Thermal Tests

— FLUTe Profiling

— Etc,, etc. ...........
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Max Available
24000
48000

20000000
30000000

Mini DIVER
Micro Diver/DIVER
RBR Solo
RBR Duet 3

Resoloution <than
0.00005

Accuracy +/-
Temp (c)
Press (dbar)

Start at 2019-05-28 9:00

Use Shut Off @

120 2019-06-30 17:00
100 2019-07-22 22:20
10 2025-09-28 4:34
10 2028-11-28 14:20
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Time-Elevation-Head Plots
(TEH)

1.Interpolate in
Time

2. Interpolate in
Elevation

3.Create a
regular (tight)
grid of values

4.Filter and
contour
values




Simplified Discrete Fracture Network (DFN) Approach

Open Hole

Lined Hole (ALS
Temperature, DTS)

Laboratory Measurements
(Chemical & Physical)

Vertical Profiles:
Hydraulic Head,

Design Multilevel
Systems

i SITE CONCEPTUAL MODEL ‘







INJECTION INTO RD35




