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M3d1599A28 Hand Auger

M3d1599A28 Hand Augering
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Power Auger Boring

Power Earth Auger (Truck Mounted)

Cuttings
Carried to Surface

Continuous Flight Auger (in Sections)

Cutter Head (Replaceable Teeth)

/rCablc
'I
Tower Mast
Swivel Hose
Water
Swivel Standpipe
Toke ey brve z
Drive Rod "
o
Standpipe Hose

Drill Pipe

Drill Collar
Bit, Replaced by Sampling Spoon
During Sampling Operations
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Rotary Drilling

Soil Samplers

7 ]
V‘-— Sampler Head E § Vent
1/‘ [+ Sampler Head Outer Bamel Head
— Ball Valve
ﬂ T_U Water Port
i ma Ml
gL
[ Sample Tube: ;
| [ Inner Barre| Head
i
| F’_ﬂ: [ Disk-Type
| ‘ Check Valve
| =—Thin-Walled fe—H—— Actuator Rod f*—"Thin Wall Liner
! Tube
| N
i Inner Barrel
| = Cuter Barra
Basket Typs Retainar
ter Bar
Cutting En e Cutting Tip (th‘mqna\farinsl
Thin-Walled (Shelby) Tube Stationary piston sampler. Denison Sampler.
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Coring Bitg: {a) Diamond with Conventional Waterways, (b} Diamond with Bottom-
Drischarge Waterways, (¢) Carbide Insert - Pyramid Type, (d) Carbide Insem - Blade Type,
{e} Sawiooth. (Courtesy of Spragee & Henwood, Inc. and Acker Drill Co. . Inc.)

Dimatec Inc. Canada

TABLE 3-2
DIMENSIONS OF DRILL RODS
(Longyear Company and Christensen Dia-Min Tools, Inc.)
Size? Ourside Diameter of Rod Inside Diameter of Rod Inside Diameter of
{mm) (mm) Coupling (mm})"
EX 333 1.4 1.1
AX 41.3 28.6 14.3
BX 48.4 35.7 159
NX 60.3 50.8 25.4
RW 27.8 18.3 10.3
EW 349 2.2 127
AW 44 4 3.0 15.9
BW 54.0 44,5 19.0
NW 66.7 57.2 49
HW 8.9 T1.8 6.3
(LIAQWL 44.5 34,9 -
(CIAXWL 40.0 38.1 -
{LIBOWL 356 46.0 _
(CIBXWL 51.2 48 .4 =
(LINQWL 69.9 60.3 -
(CINXWL 73.0 60.7 .
{LIHOWL BR.9 718 -
{CJHCWL §8.9 76.2 .
{LIPOWL 117.5° 103.2 103.2
(CYCPWL 117.5 101.6 .
a X and W sizes are avadaple from most manafacturers of drill rod. (L) indicates Longy,
Company system. (C) ndicates Christensen Dia-Min Tools, Inc. system.
b X and W series have 2 scparate coupling. WL wireline series, except PQWL, are flush-joint,
internally and externally, without a separate coupling.
¢ PQWL has 2 scparate coupling, protrueding outside the rod o.d., bat internally flush. The

outside diameter in table is 0.d. of coupling. The owtside diameter of rod is 114.3 mm.

9 =
TA.A7.991N7 IlﬂJlifN
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Single and double tube rock core barrels (after FHWA-HI-07-021, 1997).

Core fifter
Core barrel head -
e Core barrel Rearning shell Coring bit
z J_u_”;n—r
5 L )
(a)
REaming ¢ litter
Care barrel head shel, Coring b1t

Iililllf.'li_fﬂrdr}m

N ) ke e S S

(L]

Hanger tearing assemby

Fin and

b
Cors barrel head nead., Bearing nut - Quter PRearming
ourer 7

Rock Quality Determination (RQD)

CORE RECOVERY RQD
CALCULATION _ AL CULATION
L =250 mm L =250 mm
CoreRecoveny, Cre Totallongthef rockrecovered
Toral corerunlength
L=0 (250+200+250+190+60+80+120) mm
L =200 mm Highly Weathered CR=
Does not meet 1.200mm
Soundness Requirement
v('_ CR=96%

L=0

L =250 mm P{> Centedine c
D Pieces <100mm
‘5 and Hghly Weathered o
2 >
5 Lengthof sound pieces>100mm
] ROD== -
= Total corerun length
L =190 mm L= 190 mm @
s
8
e
250+190+ 200) mm
| ROD=—————*100%
1.200mm
L= 60 mm L=0
<100 mm
L =80 mm RQOD=53%
Meshanical Braak -
causad by Callng Process L =200 mm
L =120 mm [
F
L=0mm ! L=0
i Mo Recovery
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Standard Penetration Test (SPT)

45 T
Crown sheave(s) |:| —
or pulley(s) —
Pull con T 162 mm
i H
H

Typically 25 mm [
diameter monila rope

Rotating
cathead
Donut hammer 1219 be 1067 754 1 1Timm
shown
hormmer
Slip or guide
pipe [=—— e sy pipe
) o drive i
ELL 1 224 10 3180m
Drill rod 102 rem
Ground surface
T i I = I
" i}‘— Borehole =
e _i.
ue:? 450 mm
f W H

T Nyon-stanparp
6.2D L,
where, W,= the weight of the hammer in kilograms

H, = the height of free fall of the hammer in centimeters

D, = the outside diameter of the sampler in centimeters

L, = the depth of penetration in centimeters

Standard Penetration Test

SPT performed at the back of a dnll ng.
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Test Pit /
Test Trench

Y

N
msnagevUluaNNNeIVo9

» Cone Penetration Test (CPT)
» Lateral Load Test (LLT)

* Field Vane Shear Test

+ Field Direct Shear Test

* Field Permeability Test
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Table 4. Reference publications on in-situ testing.

AASHTO/
Test Method | ASTM Designation Reference
SPT AASHTO T206 US. Department of Transportation, Federal Highway Administration,
(1997) Subsurface Investigarions, Training Course in Geotechnical and
ASTMD 1586 Foundation Engineering. FHWA HI-57-021

CPT.CPTu, | ASTMD 3341, D3778 | U.S. Department of Transportation, Federal Highway Administration,
SCPTu (1988) Guidelines for Using the CPI, CPTu, and Marcherti DMT for
Geotechnical Design, FHWA-SA-87-023.024

Lunne, T., Reobertson, PX.. and Powell, LIM. (1997) Cone Penatration
Testing in Geotechnical Practice, E & F Spon. 312 pp.

DMT Suggested ASTM U.S. Department of Transportation, Federal Highway Administration
Method (1992) The Flar Dilatometer Test, FHWA-SA-91-044.

Schmertmann, 1986 Marchetti, 3., and Crapps, D.K. (1981) Flat Dilatometer
Beport PE. Inc. (Gainesville, FL). available at htp:

Manual, Internal
WW.gpe.org.

PMT ASTMD

U.S. Department of Transportation, Federal Highway Administration,
(1985) The Pressuremeter Test for Highway Applications, FHWA-IP-89-
008.

Clarke, B.G. (1995) Pressursmaters in Geotechnical Design, Blackie
Academue & Professional, 364 pp.

VST ASTMD 2573 American Scciety of Testing and Matenials, (1988) Fane Shear Strength
Testing i Soils: Freld and Laboratory Studies, ASTM STP 1014, 378
PP-

AsneasauaaAutidduduuaciuluguiy

| o
I —

SPT CPT DMT VST

Standard Cone Flat Plate Vane
Penetration Penetration Dilatometer Shear
Test Test Test Test
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Quick Field Soil Strength Tests

Shown with optional
STCL3-A1 Adapter Foot

NINAaOU Pocket
POCKET PENETROMETER Penetrometer 1M

Ducth Cone Penetration (CPT)

179.5mm

Conical Point (10 cm’)
Load Cell

Strain Gages

Friction Sleeve (150 cm?)
Adjustment Ring
Waterproof Bushing
Cable

Connection with Rods

el
[T

oAt

#35 Tmm

1]
e
R
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Cone and piezocone penetrometers |

fS 1 r f ﬁ
u2
! 60°
q. q,
a. b. c. d.

Figure 14. Measurement locations on cone penetrometers:

a. Electric Cone Penetrometer, CPT; b. Piezocone Penetrometer (filter behind tip), CPTuy;

c. Piezocone Penetrometer (nud-face filter) CPTuy; d. Seismic Piezocone, SCPTus.
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Ilustration of wnequal end areas of CPT (after Kulhawy and Mayne, 190).

Us 14t 44 Us
A - . 4 A = Surface Area of
Cone Sleeve .
(typical 15,000 mm")
‘__\
—
—_—Cone Sleeve Measuring
N Side Resislance
A
a=d'/D’
0;= Gc+uy (Ha)
Do f=fg =+ _UsAgy =Uy Ag

Ag

Menard Pressure Meter

Compressed Gas

Pressure Gage -

S
\'( Relicf Valve

Pressure
Valumeter ~Control Unit

Zone of Boring
~ Under Nessurement

" Interior Messuring Cell

Boring Expansion Device (Prabe)

9 =
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LATERAL LOAD TEST

Flat plate dilatometer test equipment.

{ Gauge

' d€-Reading).

Dilatometer Blade
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Figure 17 Pre-bored pressuremeter equipment

Tocal cores and chatectenste pesres forpre-bore Menardpressuremte

Creep
Test

pL is the
pressure
corresponding
to

nload-reload cycle AV=V,
Pseudo

Elastic

Pressure

or when

Plastic V=2V,

Po

Volume
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Three Position Torgue Arm

Ball Bearing
Driving mechanism, 720 Ratio
Casing Head or

Hole Collar
Standard Drill Red

Ball Bearing, Guide Coupling

‘Ball Bearing, Guide Coupling

Drive Shee

@ § T = Torque

Vane
Blade
Geometry H
] L]
\y
- -
D

(a) Rectangular vane; and (b) Parameters used to define vane dimensions.

Y =
TA.A7.991N7 "lﬂJlifN
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Typical setup for an m-stu direct shear test 1 an adut (after Saint Stmon et al., 1979).

i
L) Adit floor :_55._.5___._‘

s
sk Tostblck Yoo
< 063 %063 x 0.30 M-

..

‘_T - i

0 02 04 0B 08 10m
e — —
SCALE

Legend:

(¥ I+ TRC I o LY T I I N T )

=
[od et "

-
Lad

Rock anchor
Hand-placed concrete
Wide flange steel beam
Hardwood

Steel plates

30 ton jack

Dial gange

Steel rollers

Remforced concrete pad

. Beanng plate
. Styrofoam

. 30 ton jack
. Steel ball

Rock Permeabilty Test

PRESSURE  FLOW PRESSURE
GAUGE METER RELIEF VALVE
Hp =

w

HOSE
H2

H1

NX CASING

— PACKER

TEST SECTION
(L=3-5m)

2 & <= FROM PRES3URE PUMP

Lugeon Test

Pumping Test

Packer Test
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Geophysical surveys

Method Property Major Influence Typical Ranges
Electrical & Electrical Lithology (clay 10% (sea water) to 10 (dry sand)
Electromagnetic Conductivity content) millimohs/m
(resistivity) Moisture (dissolved
solids)
Gravity Density Lithology (magnetic 0 (air filled void) to 1 (sediments) to 3
mineral) (massive rocks) gm/km
Magnetic Magnetic Lithology (mineral, 10 (sediments) to 10° (iron alloys)
Susceptability porosity)
Seismic Seismic Lithology (porosity. 10° (soil) to 10” (massive rocks) m/sec
veloeity/attentuation  saturation, pressure)
Ground Dielectric constant  Lithology. 10 (ice) to 10° (water)
Penetrating watercontent,
Radar density

Seismic Surveying

12

w“":

] 1

— H

rn/ '

T

L1 ]

2] ]
£ 4
= s

I "(

o
T
[N
A 1y

K 1

lllr X = Distance 1

lxc"l :

[ 1

P op 8

i O Py By Pg Pg P7 Py Py Pp Oy Pp

z
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Rocks Rippability by D8L Ripper (Caterpillar)

[+] 1 2 3
Valoghy In Meters Per Sacond x 1000 L 1 1 1 1
Velocity in Feel Per Second x 1000 O 1 2 3 4 6 L] 7 8 9 10 11 12 13 14 15

TOPSOIL
CLAY
GLACIAL TiLL
IGNEOUS ROCKS
GRANITE
BASALT
TRAP ROCK
SEDIMENTARY ROCKS
SHALE
SANDSTONE
SILTSTONE
CLAYSTONE
CONGOLMERATE
BRECCIA | SAASISSISTS,
CALICHE | SIS A TIILSY,
LIMESTONE Bz 4
METAMORPHIC ROCKS I
SCHIST | Z1LLIL LI E4F7F
SLATE 2 Y2777 /
MINERALS & ORE
COAL
IRON ORE

SN

MARGINAL ] NON-RIPPABLE

swaninam e ey ematevndn
et ¢ unawunh )

_ ==
¢
-l =
-
o &R
L]
= -5 ) £ 13 e o
sl | e
amwes@imnguenrusium@eundn
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geophysical re.sult‘
physical

L] N
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TABLE 4-1

EVALUATION OF THE APPARENT DENSITY OF COARSE-GRAINED SOILS

Apparent Relative
N-value Density Behavior of 13 mm Diameter Probe Rod Density, %
0-4 Very loose
>4-10 Loose Easily penetrated when pushed by hand 0-40
>10- 30 Medium dense | Easily penetrated when driven with 2 kg. hammer 40 -70
>30- 50 Dense 300 mm penetration when driven with 2 kg. h 70 - 85
=50 Very Dense | Only a few centimeters penetration when driven with | 85 - 100
2 kg. hammer
TABLE 4-3
ADJECTIVES TO DESCRIBE WATER CONTENT OF SOILS
Description | Conditions
Dry No sign of water and soil dry to touch
Moist Signs of water and soil is relatively dry to touch
Wet Signs of water and soil definitely wet to tuch; granular soil exhibits some free

water when densified
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TABLE 4-2

EVALUATION OF THE CONSISTENCY OF FINE-GRAINED SOILS

Unconfined
Compressive
N-value Consistency Strength, g, kPa Results Of Manual Manipulation
<2 Very soft <25 Specimen (height = twice the diameter) sags
under its own weight; extrudes between
fingers when squeezed.

2-4 Soft 25-50 Specimen can be pinched in two between the
thumb and forefinger; remolded by light
finger pressure.

4-8 Medium stiff 50 - 100 Can be imprinted easily with fingers;
remolded by strong finger pressure.

8-15 Stiff 100 - 200 Can be imprinted with considerable pressure
from fingers or indented by thumbnail.

15-30 Very stiff 200 - 400 Can barely be imprinted by pressure from
fingers or indented by thumbnail.

>30 Hard =400 Cannot be imprinted by fingers or difficult to
indent by thumbmnail.

MIINUAVUIAVDINULAZAUNT Y

TABLE 4-4
PARTICLE SIZE DEFINITION FOR GRAVELS AND SANDS

Soil Component Grain Size Determination
Boulders* 300 mm + Measurable
Cobbles* 300 mm to 75 mm Measurable
Gravel
Coarse 75 mm to 19 mm Measurable
Fine 19 mm to #4 sieve (4.75 mm) Measurable
Sand
Coarse #4 to #10 sieve Measurable and visible to eye
Medium #10 to #40 sieve Measurable and visible to eye
Fine #40 to #200 sieve Measurable and barely discernible to the eye

*Boulders and cobbles are not considered soil or part of the soil's classification or description, except
under miscellaneous description; i.e., with cobbles at about 5 percent (volume).
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Atterberg’s Limits

A—line : PI=0.73(LL-20)

U—line: PI=0.9(LL-8)

A=1
A=4 to 7 (Sodium)

Plasticity index
w
=1

5 (Calcium)  Montmorillonites -

Chlorites

Liquid limit

o A=0.1 (hydrated)
A=0.5 (dehydrated)
®0 %0 2 30 a0 |5 s0 70 80 90 100

Consolidation Test
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Load frame, pressure panel, and computerized data

acquisition system

Point load strength
test equipment

If the distance between the platens is D and
the breaking load is P, then the point load
strength, Is is

calculated as:
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Coefficient of Permeability k (cm /s)

10> 110 I o’ jo’2 jo J10° jo’s po® o’ po?  pg?
Drainage Good Poor Practically Impervious
il
Soil
Clean gravel Clean sand Very fine sands, Silts Clay
Types
Direct Field Pumping test .

determination

of k

Lab Constant-head permeameter.

Lab Falling - head 1
Indirect reliable;
determination| little experience required

of k

Computation from

grain-size distribution

0* Jo f fo'l fo'z

Lab Falling - head 2 | Lab Falling - head 3

unreliable;

much experience required

fairly reliable;
considerable experience necessary

Computation from

Consolidation Test

v
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Preliminary design : Uszana 2 - 3 1Mo
Rnasnmanegly

Detailed design  : fAt@dNUHAINIHINZ AN

sz 1.5 mvessunaslyau

W

Hand Auger

" Test Pit
P Test Trench

Blasting Test

e |

50



MIVALVVABUAUUAZTY

. s aow
il 1L ._,;*\{; N SR
Y

. - o et

p— E o : : o 2 i - = X avaleme o
SR 5, - permdL]

R o . g N e
- ryjf,?\{\ Nty A r__,\’J S F o=
A 3 AN T N N e
o LA G i \‘-\\.« ] Y L b R A T
//"»f-:._ w0 (\ T et ! J } s
Pl Y
et L ;

HUAI PA THAO LOWER DAM
! . R f i BORROW AREA LOCATIONS

Y =
TA.A7.991N7 "lﬂJlifN




MIALVVIBUAUIAZ Y

damsdraonuiietindy | 1

vl

Depth

]

o [Jisc [

ligidtididand

[RERER]

¥ 1T 1T 1 1T 1T 1T 1T "7 179 | R TR L] | R | 1
REEEEEEEEREEREEEEEEEEEE
Ex:zgxixézz xgxxtét El‘:l

Y =
TA.A7.991N7 IlﬂJlifN




MIALVVIBUAUIAZ Y

9 =
TA.A7.991N7 Illlliﬂ\i

azilfSinasvag

nsd1s2dsunuAuTaILiag NAY

A Wamsiagilszann (au.u.)
Uadinpu
GC sc cL GM | sm ML | M [smsc 3
wlag « A > 157,320 - - 4950 | - - - o o 629280%
wlas « B - 13288 - = 506,464 | - 46,648 | - - - 666,400*
e« G 78,675 | 239,955 | 371,145 | 3,965 | 614,720 | 5,500 | 23,100 | 11,665 | 4,400 - 1,353,125
ulas < 8812 | 81,875 | 49,500 - 101,688 - 3,750 - = = 245,625
iwave [ ifiwane
- 1 v d‘
HHaNIAANdAI NNV
Uatiuau Mumua WSanad¥ld o)
wlas «G” 500 M.numRIY 1,300,000 CORE AND RANDO
wilas “H” 800 31.6nviiieIh 240,000 CORE AND RANDOM ZONES.

aningay 1 1B ane }J’ﬁﬂﬂ‘ii’)ﬂ, NAUABUNIA

a2 1NE WD JaQNI0Y, HANADUNIA

Fmsunasiananiiatinmu

O 245,625

01353125

@ BORROW A
= BORROW B
0 BORROW G
0 BORROW H

@ 629270

m 666400

Fmssinansianuasiiatia

o

oCL GoM 2 GC

159 =sc

ocL

oGM

= sM

. TML

SM = MH
59% o gm-sC
= SW-SM

C
3% =M
3

=T

53



MIVALVVABUAUUAZTY

Y =
TA.A7.991N7 "lﬂJlifN

1 o U d‘
ﬂ1§1\iﬁ 1 ﬂ1§ﬂﬂﬂ'ﬂﬂ1uﬁlﬂ\1ﬂﬂﬁi’]ﬂﬂ'1ﬁ§ﬂ\ﬂu!mﬂu
dmFuAuunuveu uaz Yagauuen

Physical Properties Test
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Compaction and Permeability Test
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1. Specific Gravity Specific Gravity - ﬂ?ﬂﬂuf}mmﬂﬁu
2. Absorption % Absorption - MUANAUMNNTIY
3. Gradation Analysis % Absorption = ﬂ’mﬂuﬂmmwﬁu

Step for embankment soils selection

\ Properties \
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tion of materials

1. Large Spreading Area
2. Minimum thickness > 1 m.
3. If Core & Random layers are thin,

that should be Homogeneous materials.
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TOTAL STRENGTH PARAMETERS | EFFECTIVE STRENGTH PARAMETERS

57.05.95105 1589
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AVERAGE EFFECTIVE SHEAR STRENGTH OF COMPACTED SOILS
{After Bureau of Reclamation, 1973)

¥
Final Dam Section
r

5. Dam Instruments and Safety Consideration

v

6. Drawings and Specifications

Standard Proctor Compaction
(AASHTO T 99)
Maximum Optimum As
Dry Maoisture Compacied Saturated Friction
Unified Density Content Cohesion, ¢, | Cohesion c,, Angle, &
Classification Soil Type (kNim’) (%) (kPa) (kPa) {deg)
OwW well graded clean gravels, gravel-sand =187 <133 . L =38
mixiure
Gr poorly graded clean gravels, gravel sand =173 <12.4 . * =37
mixiure
Gl silty gravels, poorly graded gravel-sand-silt >179 < 14.5 . * >34
GC clayey gravels, poorly graded gravel-sand- =181 < 14.7 ™ L =31
clay
SW well graded clean sands, gravelly sands 13.7+0.8 13.342.5 3944 * 38+l
5P poorly graded clean sands, sand-gravel 173203 124x1.0 2346 - IT+1
mixture
M silty sands, poorly graded sand-silt mixure 17.940.2 14.5+0.4 5146 2047 3311
SM-SC sand-silt-clay with slightly plastic fines 18.7+0.2 12.840.5 5021 14 46 3344
SC clayey sands, poorly graded sand-clay 128.1+0.2 14.7+0.4 75+15 116 31 +4
mixmure
ML inorganic silts and clayey silts 16.24+0.2 19.2+0.7 67410 [ 3242
ML-CL mixures of inorganic silts and clays 17.1+0.3 16.8+0.7 63417 324 3213
CL inorganic clays of low to medium plasticity 17.040.2 17.340.3 BT410 13+2 2842
OL organic silts and silty clays of low plasticity " " . * *
MH inorganic clayey silis, elastic silis 12.9+0.6 36.3+3.2 72430 2049 25+3
CH inorganic clays of high plasticity 14.8:40.3 25.5+1.2 103434 1146 1945
OH organic clays and silty clays . * . * *
The entr indicates 90 percent confidence limits of the average value, * denotes insufficient data, > is greater than, < is less than
@ <
Proposed Dam Section 2
2
&
2. Seapage Analysis and Filter Design
‘ Not Suitable
3. Stability Analysis
‘ Not Suitable
4. Settlement and Deformation Analysis
Not Suitable
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Alternate Black Rock
Damsite (Approx.)

Horsethief Mountain

Horsethief Point
Landslide Block (s)
(Approx.)

(right) abutment at the
Black Rock Damsite. Note landslide upstream of the alternate damsite on the northwest slope of the
mountain. Horsethief Point and smaller rock outcrops to the west may be remnants of landslide debris
derived from the north slope of the mountain. Black Rock Damsite, Yakima River Basin Water Storage Feasibility Study,
Washington — Bureau of Reclamation photograph taken by D.M. Walsh, November 6, 2003,

Photograph 4. View looking west at Horsethief Mountain, which forms the south

1Qugl (Sinkholes)

TuuSnamuifujunse

Karstic Zone

Y =
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ALLOGEMNIC INPUTS

Figure . A modal kart syatem (owrce: Gillleson 1396, Reproduced with parmiasios.)
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Modified Mercalli Intensity Scale

Mercalli
Intensity Magnitude | Witness Observations
(at epicenter)
| 1to2 Felt by very few people; barely noticeable.
1 2t03 Felt by a few people, especially on upper floors.
Noticeable indoors, especially on upperfloors, but may not be recognized as
11 3to4
an earthquake.
v 4 Felt by many indoors, few outdoors. May feel like heavy truck passing by.
Felt by almost everyone, some people awakened. Small objects moved.
\Y 4t05
Trees and poles may shake.
Felt by everyone. Difficult to stand. Some heavy furniture moved, some
\ 5to6 ) .
plaster falls. Chimneys may be slightly damaged.
Slight to moderate damage in well built, ordinary structures. Considerable
Vil 6 -
damage to poorly built structures. Some walls may fall.
Little damage in specially built structures. Considerable damage to ordinary
VI 6to7 . .
buildings, severe damage to poorly built structures. Some walls collapse.
IX 7 Considerable damage to specially built structures, buildings shifted off
foundations. Ground cracked noticeably. Wholesale destruction. Landslides.
X 7t08 Most masonry and frame structures and their foundations destroyed. Ground
badly cracked. Landslides. Wholesale destruction.
Xl 8 Total damage. Few, if any, structures standing. Bridges destroyed. Wide
cracks in ground. Waves seen on ground.
X1 8 or greater | Total damage. Waves seen on ground. Objects thrown up into air.

Siesmic
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by Modified
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10 Largest Reservoir Induced Earthquakes
Earthquakes with known or estimated moment magnitudes only

BT =00z Mar 24 162258 |

10 Largest Reservoir Induced Earthquakes

Date Origin Latitude Longitude Magnitude Location Fatalities
Time
uTC Mw
1 11-Dec-67 | 22:51:19 17.400 N 73.740E 6.6 Koyna, India 177
Lake Kremasta,
2 5-Feb-66 2:01:45 39.050 N 21.750 E 6.2 Greece -
Xinfengjiang,
19-Mar-62 23.780 N 114.580 E 6.2 China -
20-Jul-38 0:23:35 38.290 N 23.790 E 6 Oropos, Greece -
Srinagarind,
22-Apr-83 14.400 N 99.130 E 5.8 Thailand -
1-Aug-75 20:20:12 | 39.440N 121,530 W 5.8 Oroville, U.S.A. -
7 23-Sep-63 16.930 S 27.930 E 5.8 Kariba, Zimbabwe -
8 13-Apr-69 17:58:39 18.100 N 80.500 E 5.7 Kinnersani, India -

Lake Crowley,
9 14-Sep-41 | 18:39:12 | 37.570N 118.730 W 5.4 U.S.A. -

Lake Crowley,
10 4-Oct-78 16:42:48 37.520 N 118.660 W 5.4 U.S.A.
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