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SITE CONCEPTUAL MODEL 

Assess transport, fate, and impacts to receptors

• Handful Sampling Intervals 

(3, 6, 10-12, ???)

• Discrete, Detailed vs Long Blended 

• Permanent

• LOTS of Measurements

• Continuous along the borehole

• Highly Detailed

• Flexibility



ROCK CORE CHEM …... DATA MONTAGE (OPEN & LINED HOLE)



COMMERCIALLY AVAILABLE MULTILEVELS

FLUTe WestbaySolinst 
CMT TM

From J. Meyer



SIMPLER SCENARIO
• ROTARY HOLE (NO

CORE)
• BASIC GEOPHYSICS / 

HYDRO-GEOPHYSICS

• STANDPIPE MONITORS



Wide Intervals:
• Miss less

• Dilute samples

• Depth Uncertainty

Narrow Intervals:
• Representative samples

• High Risk of missing key zones

• Potentially Unreliable Conclusions 





HEAT TRACER TEST IN FRACTURED

SANDSTONE AT AN ISCO PILOT TEST SITE



• Test Boreholes
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RD35

RD106

RD107C18

RD105



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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DEPLOYMENT

Temperature Probe

Periodic Temperature Logs 

(Vertically continuous)

Depth discrete Temperature 

Profile (Temporally continuous)

Pressure Profile (Temporally 

continuous)



WATER FLUTE INSTALLATION
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MONITORING INTERVALS PAIRED

SWS DIVER & RBR T-PROBE



RD106 OPEN DEPTH REFINEMENT



HOLES LINED & SENSOR DEPTH CONFIRMED



4 Day Inj.
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Temporary 
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DIVER RESULTS

Standard Hydrographs



TIME-ELEVATION-
HEAD (TEH) RD106



Response to Injection 
Residual Pressure TEH plots

RD107

RD106
2 gal/min

4 Days (5760 min)

11,520 gal (43.6m3)

@ 36˚C (19.6˚C ambient)

>3mil KJ of Heat Energy



Arrival Residual 

Pressure TEH plots

RD107

RD106

C10

476

525

70min

35min

60-90 min

Breakthrough of the pressure pulse 

• as early as 35min in RD106, and

• as late as 80-90min at RD107.

• C10 is as early as 70min and as 

late as 250min 

• Both C10 and RD106 have some 

depth variation but RD107 is 

uniform in time  





DOLOSTONE AQUIFER BENEATH QUATERNARY DEPOSITS

D
O

LO
ST

O
N

E 
A

Q
U

IF
ER

310

290

270

250

230

170

210

190

E
le

v
a
ti

o
n
 (

m
 a

m
s
l)

Unit 1 - Silty Fine Sand

Unit 2 - Silty Clay

Unit 3 - Medium Sand, Silt

Unit 4 - Sandy Silt Till

GUELPH
FORMATION
DOLOSTONE

LOCKPORT
FORMATION
DOLOSTONE

ERAMOSA
MEMBER

GASPORT
MEMBER

ROCHESTER
FORMATION

DOLOMITIC SHALE

M
ID

D
L

E
 S

IL
U

R
IA

N



City Boundary
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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

Average 

16/06/16 00:00:00 -
19/06/16 00:00:00 UTC 

Subtracted



Average 

16/06/16 00:00:00 - 19/06/16 00:00:00 UTC 

Subtracted





Upward Gradient

Downward Gradient



MLS 

Design

21 Deployments

8 MLS Ports

• Variable Length

• Rationalized

• Defensible



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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Data Processing and 

Analysis Continues

QUESTIONS?



Accuracy +/- Resoloution < than

Temp (C) 0.002 0.00005

Press (dbar) 0.05% 0.001%

20 0.01 0.0002

50 0.025 0.0005

100 0.05 0.001

200 0.1 0.002

500 0.25 0.005

1000 0.5 0.01

Start at 2019-05-28 9:00

Max Available Use

Sec Needed 24000 Mini DIVER 120

48000 Micro Diver/DIVER 100

20000000 RBR Solo 10

30000000 RBR Duet 3 10

Shut Off @

2019-06-30 17:00

2025-09-28 4:34

2019-07-22 22:20

2028-11-28 14:20



Detailed Comparison Sentry Well Pump Test Start Expanded (min vs Elev x 100)

TEMP. Residual TEMP. Vert. Hyd. Grad
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SITE CONCEPTUAL MODEL 
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INJECTION INTO RD35


