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How do we reduce subsurface uncertainty with respect to
abnormal subsurface conditions (voiding/weak zones)?

« geotechnical boreholes/sampling/wireline logging

 geophysical techniques

Geophysics can be used to optimise intrusive
programmes and to interpolate between points of
borehole control
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The Geophysical Toolkit

* GPR

 EM

* Microgravity

* ERT

« Seismic refraction

* MASW




Site Conditions:

= dry limestone

= deep water table

= subdued topography

= |ow ground conductivity
= high K contrast target

= shallow target

...GPR



= 100 MHz system
= (.25 m station interval

= 64 stacks per station




=~DE | OE -

MDD -

o = SR |

w =

= no apparent relative movement
= structure ‘dilates’ at depth

= structure extends to surface



TIME [n=]

400

DISTANCE DETER]
i 4 430 4 40 40

4

40

40 500

il

il

10

Ll L
g v

YO e T A
‘

TR " i

kel

R e SR S R Y 15 |
T —m———— A g . Y TS 10 111 1 10011 ALV E | [Ty 0] 03 R 1 11 A g
0 ‘umu%#wWw*m P TR T T U LY T T TR LR TR T L “u...rnm-wmmm W
[ bl bl L ! ' Y | (1 i gl ¥l ™

00

Wy

20

Tyl Ay 0
el -.w-!.(r-':-'

—rl.lnnn

[swr] | 0=n 12 [93 13w H1d3a



DISTANCE [METER]

DEPTH [METER] at v=0.1[m/ns]

= e = = = =
- —1 O -— o~ o~
=
= = =z < . 5 =
- - o S — = 5
e e =
- = ==3
== — =%~
— e = Pa -
= - S = 3
— == _ LSS £33
———r_ = s> -5 3
o = e S oo atea st L+
=3 === ===
= —
=S
s e
—— - e = =
=
e
S
\'ﬂ.t‘l‘w“h
e ————— =
= e = W=
= e
———
\ertky
=33
=
E e o
T
= -
= e
= S e
oo == .M"v\‘!“h
= = —_—
= — : S
= A e
= S —
- e =
=3 ) s
S
e ==
T e - e T = E——— - g - - ——
=T s = e —— e
— === asmsae S saS= —c==>7
T e e — e
e —_— = = = =
= =
=
= ‘
-
T
E S
=
=
-WIJW
=
f—3 =3
L=
~
= — == -
- - = =f == = =
= = = = T
~ -
- - — = = —
e — ==
= —— =
& - B = 5 5 =
=
=
= 5 =
> VI\ = o =3
—— -
=
o
=
=
=
=
= -z
-— = -
= = s = 1
= - == 3
=
—2 =3 = 3 [ —3 —3
= = = = =

[sul 3L




Electromagnetic Conductivity Profile
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Development site
clays/marls over
Triassic limestone
and dolomite

many surface
features

major faults
site bounded by Jurassic

and Carboniferous
strata
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Parc Derwen Phase 3 Geophysical Investigation - Line 37 Preliminary Output

Line 37

V¥V Potential BH Target

Top Ist?
Model resistivity with topography
Elevation lteration & RMS error= 4.7

70.07
B5.0q -
B0.04
50.0] L NG e
40.01
35.01
30.0-

N BN BN BN N T O T T ) O T D N N
7.8 81.3 B5.5 943 128 175 238 324
Resistivity in chm.m
Unit Electrode Spacing = 3.0 m.
Harizontal scale is 10.55 pixels per unit spacing
“ertical exagygeration in model section display = 1.41
First electrode is located at 0.0 m.
Last electrode is located at 267.0 m.
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Parc Derwen Phase 3 Geophysical Investigation - Line 29 Preliminary Output

Line 29

V¥V Potential BH Target

: Model resistivity with topagraphy
Elevation lteration 3 RMS error = 16.5

85.0; Conductive fill forming®™ 330

B0.0- Possible tower karst  structurally controlled 88
solution feature?

55,01
500400
450
a0 -
%07 W\ S
3001 ' {Ame'mdsﬂi;ljay'_
2.0 ' ‘L :
200
15.01

Top Ist? 240
1

Top MMG Ist or Namurian sst? Inferred Fault ¥ 1 Inferred Fault
| § § J Qjeolimmieeies)  Fesisseeiesy ) § § |
378 513 F9.8 5948 129 175 23 324
Resistivity in ahrr.m
Unit Electrode Spacing=3.0m.
Harizontal scale is 8.81 pixels per unit spacing
Yertical exagoeration in model section display = 1.64
First electrode is located at 0.0 m.
Last electrode is located at 321.0 m.
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Position of cavity (offset
10m)
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MASW 2D Vs Profile Line 2
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Limiting Factors For Investigation

« MASW - dependent on frequency content/site conditions
» Refraction — velocity inversion

» Microgravity — depth/resolution

 ERT — depth/resolution/masking

* GPR — conductivity

 EM — depth/resolution




MASW Dispersion Curve
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MASW — Low Frequency Requirements

Qatar applications > 20 m depth
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The Multicomponent Seismic Wavefield

Most shallow investigations use only the slow velocity

component of the seismic wavefield
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The Multicomponent Seismic Wavefield

The higher velocity reflected component is not generally used

for very shallow onshore geotechnical investigation < 40 m
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P and S Wave Velocities by Material

Material Vp (m/s) Vs (m/s)
Air 330 N/A
Water 1450-1530 N/A
Soail 100-500 50-150
Made Ground 160-600 50-300
Sand (dry, loose) 200-1000
Sand (water saturated, loose) 1500-2000
Clay 1000-2500 200-700
Estuarine muds/clay 300-1800 150-600
Floodplain alluvium 1800-2200 100-500
Sandstone 1400-5000 700-2800
Mudstone 1600-5000 600-2500
Shales 2000-4100 600-2100




P- and S-Wave - Resolution

Distance (m)

(ms)
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3C Land Streamer




3C Land Streamer - Components




3C Land Streamer - Captured Wave Modes




Wave modes and particle displacement vectors

displacement
vector

Direction of
wave propagation

(Geotechnica _'-_l'"““'




3C SV Section

Seismic time section:

CMP: 1290.0 10q0.0 |

Distance (m): ()

NW

Time (s):




Interpreted SV Profile

Depth section:

Elevation (m):




3C, Vertical Source

receivers: V H1
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Uncertainty Reduction — Multicomponent Seismic

Interpretation
uncertainty




Thank You




