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Site Map
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SPE/CBCD Phase Timeline
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SPE 1
May 2011

55.1 m
90 kgTNT

SPE 2
Oct 2011
45.7 m

997 kgTNT

CBCD 1
Jun 2012,

w/ GZ

SPE 3
Jul 2012
47.2 m

905 kgTNT

CBCD 2
Jul 2012

(incomplete)

CBCD 3
Aug 2012
(complete,

no GZ)

SPE 4
Nov 2013

CBCD 4
Feb 2015

(complete,
w/ GZ)

SPE 4’
May 2015

87.2 m
89 kgTNT

SPE 5
Apr 2016
76.5 m

5035 kgTNT

CBCD 5
Jul 2016,

w/ GZ

SPE 6
Oct 2016
31.4 m

2245 kgTNT

CBCD 6
Nov 2016,

no GZ

� 1-4 � 4-5 � 5-6

� 2-3

� 1-6 (in the end)

� 1-3 � 3-4



5.

Change Detection Flow
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1. Organize files
1.

2.
3.

4.

6.



File Structure & Geometry
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 Organize file, 
shot, receiver 
metadata

 Illustrate 
geometries 
to verify 
coverage, 
examine 
anomalies



5.

Change Detection Flow
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2. Review & kill files
1.

2.
3.

4.

6.



A “Typical” Trace

 Ideally, 
EMP 
response 
appears at 
160 
samples 
(t0)…

 BUT that’s 
not always 
the case!
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CBCD 4 File Kills
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 Time (horizontal) axis shown 
in units of ‘samples’
 16,000 samples/sec, or

62.5 µs sample interval

 Depth (vertical) axis shown in 
units of ‘meters below top of 
casing’

 24 hydrophone channels



CBCD4 Kill File Statistics

10



CBCD4 – Repeated Source Locations
at Reoccupied Receivers (Shot Gather)
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5.

Change Detection Flow
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3. Identify time zero & stack
1.

2.
3.

4.

6.



Shift & Stack

 CBCD4 files

 Use EMP response to 
align traces – t0

 Note signal 
enhancement!
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�

“Who can pick t0 & first break?”



CBCD4 Timing Statistics
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*16 events had shifts in
excess of 1000 samples*

Negative = Early Triggering Positive =  Late Triggering



5.

Change Detection Flow
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4. Cross correlate 
1.

2.
3.

4.

6.



First Breaks
 Shot Gather

 Use previous first 
breaks (e.g., 
CBCD3 – black dot 
& blue traces) as 
reference for 
cross-correlation 
windows (e.g., 
CBCD4 – red 
traces)

 Note shift to t0

(EMP @ 0)! 16

Source @ 41 m
(009-189)

First Time Window

Additional Time Windows

Poor signal!
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Cross 
Correlation

 1D profile

 Identify maximum 
cross-correlation 
coefficient for 
each trace & ‘shift’ 
trace by 
associated time

 Red first break 
‘identified’ by 
cross-
correlation, 
using blue first 
break time basis
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X-Corr Coeffs

Poor correlation



Change Detection Flow
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5. Perform change detection
1.

2.
3.

4.

5.

6.



Change Detection

 Color scale indicates 
amount of sample shift (lag) 
based on cross-correlation

 Grey = no data 19

Slower Faster



Change Detection Flow
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6. Invert and analyze
1.

2.
3.

4.

6.

5.



Preliminary
Inversions

21

Water table measurement



To Do

 Inversion refinement

 CBCD5

 CBCD6

 Incorporate further groundwater monitoring measurements

 Geologic interpretations – What does this all mean?

 Incorporation into near field models
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5.

Questions?
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1.

2.
3.

4.

6.


