Shallow Seismic Refraction Methods for

excavation assessment
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Table T. COMPRESSIONAL SEISMIC WAVE VELOCITIES (m7s)

VELOCITY

200 — 400
400 — 1900
1900 — 1800

1800 — 29400

2400 —3700

3700 — 48500

4500 —6000

ROCK DESCRIPTION

Scoil, unconsolidated surface deposits

Unconsolidated clays , silts , unsaturated sands ,
gravels.

Saturated sands and gJgravels ; compact clays end
silts ; completely weathered rocks.

Consolidated sediments , probably water safura?odJ
highly weathered / fractured metamorphic and
igneous rocks ; weathered and or jointed

sandstornes and shales.

Shale , sandstones ; weathered and or sheared
metamorphic and igneous rocks and |limestones .

sSlightly weathered and or fractured igneous rocks.
Limestones. Some very hard sandstone and shale.

Uunweathered metamorphic and igneous rocks.

Some limestones and dolomite.
ve air e 240 MmM/s
vp water ~~ I370mMm./s
Vp ice ~ B20OO0O M/ s

Vp concrete ~ 3OO0 M/s8 — 4600 m/s
Pt

Vvp steel 5200 M /s




DO9N Ripper Performance
e Multi or Single Shank Ripper
o Estimated by Seismic Wave Velocities

Seismic Velocity 0
Meters Per Second x 1000 L. i

Caterpillar Rippability Charts
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Productivity
Charts

DIL WITH SINGLE SHANK

PRODUCTION (BCYhour)

2 3 4 5 8 7 8 8
SEISMIC VELOCITY {in fest per sacond x 1000)

1 2
1 | | !

SEISMIC VELOCITY (in matars par second x 1000)

FIGURE 2
Caterpiilar chart for estimating ripper production for DL
Bulldozer (from Caterpillar 1986)




Weaver’s Rippability Chart

Fig.1 Rippability Rating Chart

Rock class I ] 1] v \
Description Wery good rock Good rock Fair rock Poor rock Wery poor rock
Seismic velocity
(mis) =2150 21501850 1850-1500 15001200 1200-450
Rating 26 24 20 12 5
Rock hardness Extremely hard “ery hard rock Hard rock Soft rock Wery soft rock
rock
Rating 10 5 2 1 o
Rock weathering Unweathered Slig htly Vi/eathered Highly Completely
weathered weathered weathered
Rating 9 7 5 3 1
Joint spacing (mm} >3000 3000-1000 1000-300 300-50 =50
Rating 30 25 20 10 5
Joint continuity Mon continuous Slightly Continuous- Continuous- Continuous-
continuous NG g ouge Some gouge with gouge
Rating 5 5 3 ] o
Joint gouge Mo separaticn Slight separation  Separaticn Gouge Gouge =5mm
=1mm =5mm
Rating 5 5 4 3 1
Strike and dip Wery Unfaveurable Slightly Favourable Wery
orientation unfavourable unfavourable favourable
Rating 15 13 10 5 3
Total rating 100-90 g90-vo* 70-50 50-25 =25
Rippability Blasting Extremely hard Yery hard Hard ripping Easy ripping
assessment ripping and ripping
klasting
Tractor horse power 770385 385/270 270080 180
Tractor kilowatts 575290 290/200 200135 135



Minty & Kearns — Geological Factors Rating

Job

Location

Rock Type

Structure

ROCX SUBSTANCE FACTORG

Rea idual Extremoly Highly Moderataly Blightly Frenh BFlicifind
Venthering 8okl 12| westhered -10| Westhered -?| Weathered © Westhered ° 1 1”2
ExLremaly Yery Weok HMedium Btrong Yory Extromely
Rock Steength Venk 2] Vesk 40 - Btrone 5| strone 10| Btroog 12
Groundwater Yet Hojat Complately
Conditlona 0 1 Dry
Bub Total
ROCK DEFECT WACTORS
Continnous Mon
~ E Gontinaity Continuoua %
O
a7y folished Rough Yary Rough
ﬂi Burface Roughnass - Smooth with Baal}
5% a 1] &Gteps 2
‘3 a
gaﬁaplntinn {Average )ng(') - g?r.?{}m"_ ’ Ei:;:d te Cewented
A width of opening) a 0-2 wm 2 5
i
iverege Spacing of Very Narrow Narrow HRod, Marrow Mod. ¥Wide Wids Yery Widea Ext., Wids
Tiscontinultien £6m o| 6-20 m 5| 2060 wm 10| E£0-200 we 15 m 20 S00m-2m 2% ovar 2 »
Dip Strike Perpendicular to Rlpping Dirsction Strike Parallel to
0-20° Vith Dip Against Dip Ripping Direction
Macont inuity b v ” - vy "
Orientation Un- ip ip P P P P
20-a5° a5-90% 20-45° 45-00° 20-25° 45.90°
favouruble Fuvourable Yary Un- Teir- Fair Yery Un-
13 Fevoursble 3f [favoursblel’? Favourable 6 10 tavourable 15
Sub Total
Total Hatings

Minty and Kearns Geological Factors Rating Chart (Minty and Kearns, 1983)
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SEISMIC VELOCITY » GEOQLOGICAL FACTORS RATING
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Segmentation
of T-X plots in a
layered earth
model

Seismic
Raypath
Diagram
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-~
t Limitation:
¢ | naccurate layer
£ thicknesses
'.
Distance—»
Example:

Alluvials beneath basalts

VELOCITY REVERSALS




L imitation:

“Resolution of thin layers

Example:

Basal gravel layers
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First arrival ray tracing with a

compartmented 2D model
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First arrival T-X plots
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Seismic Refraction Profile
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KELIAN GOLD MINE - RIVER DIVERSION
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The Kelian River

Seismic




RIVER DIVERSION
DURING CONSTRUCTION
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Effect of different geophone spacings
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Seismic Velocity vs Depth for Dry Sands
Seismic Velocity (1,000 ft/s)
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Velocity, fps
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FD solutions to

the 2D Eikonal oY (o)
equation — | = (1/V(X,2))?
ox 0z
+

Fresnel Volume approach within inversion algorithm
after Watanabe et al. (1999)
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Shallow Refraction Interpretation

Scheme for Detailed Regolith Mapping
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Comparison of VIRT & WET Interpretations
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