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RESULTS OF STATISTICAL ANALYSIS

TABLE I

1

OF GEQOTECHNICAL COAE LOGGING DATA

AVERAGE

AYERAGE
AYERAGE TRUE SPACING HATURAL
DEGREE (F HATURAL CROSS JOINT
LENGTH oF BEDDING JOINTS FREQUENCY AVERAGE AVERAGE
ROCK LMIT DRILLED HARDHE 58 BREAKAGE (Ran?el {Range) RQD RECOYERY LITHOLOGY
yni {Range) {m {Ho. /m} {Range) {Range)

Fine sandstone, siitstone
Hanging ¥ail and congl omerate with minor
Above 143 R2-R4 B/ 2.2 0.3 94 97 claystone,

D Seam (D~ to E-} {0.1to 7.2) Minor carbonaceous zones and
coal blebs,

Interbedded ceal, claystone,
én::rieggaS:Cks 573 RO-R3 D+ 0.3 0,5 85 52 siltstone and fine sandstone
Inclusdve - {C- to E-}) {0.1t0 3,9} (0-1,5) (49-98) | (74-100) [with some conglemerate,

Commonly carbonaceous,
Inmediate Footwall Interbedded claystone, s{it-
Rocks R2-R3 0,35 stone and fine sandstone.
(Stratigraphic Depth ~ (0.3 to 0,5} Commonly carbonaceous with

betow ¥ Seam <5m) minor coal stringers.
D+/E= 0.6 95 97.5
- 140 G+ to E {0-11) {82/92) | {95-100)
Cquetent Footwall 4.2 Fine sandstane and siltstong
R2-R4 (3_9:4‘5) with some claystone.

?gg stl hi th
rati graphic De
below K Seam >Gng

Hinor carbonaceous zones.

MOTES: 1. Descriptions of geotechnfcal parameters, the core logging technique and stat{stical analysis technique

{cumul ative sums technique) zre given in Appendix A,

Core logs are Included 1n Appendix A,




TABLE II

SUMMARY OF PIEZOMETER IMSTALLATIONS

BEPTH ELEV. WATER LEVEL3
TO CENTRE | F CEMTRE HoRAULTCY
coLLarl | pIEz0.2 PoOF POCKET | ©F POCKET STRAT1GRAPHIC OEPTH | ELEV. COKDUCTIVITY
ELEY. | NUMBER {m} (m-as1) LOCATION (m} (m-as1) o/s)
Pl 287 643 K Footwall 77,4 | B52.6 2x10-7
(808205 930 p2 215.6 714 K Hanging ¥all 77.3 | As2.? 2x10-8
i 3 54,9 875 Standpipe ? 43.4 880.6 -
Pl 193.7 802 X Footwall 134.3 | 8612 ax10-10
Q08207 995.5 | pp 154.0 84,5 X Hanging Nall B9 | 8536 2109
Pl 53.7 B844.3 J3 Footwall 8,1 | 847.9 3x10-8
(808209 504 P2 42.5 861.5 J3 Footwall DRY - .
53 38.8 875.2 J1 Hanging Wall 23,5 | 875.5 -
1 45,2 842,8 E Seam 28.3 | ars.7 1x10-7
Ganszio 839 p2 3.1 867.9 E Hanglng Wall 27.1 | 876.9 1.5x15-7
P3 12.1 876.9 E Hanging Wall 10.7 | 893.3 &x10-10
m 56.7 782.3 J Footwall 9.6 | 829.4 4x10-8
geDa2lz 839 p2 1.8 802.2 3 Hanging Yall 1.8 | 837.2 7x10-9
P3 16.9 ge2.1 J Hanglng ¥all .8 | 838.2 1x30-8
PE 75 811.0 K Hanging Wall 250 | 852.0
QBRB207 887 P2 53 829,0 J Hanging ¥al} 13.6 | &73.4 2x10-12
| 30.8 856.,2 G Hanging Hall 9,1 | 8719 7x10-12
Pi 143.5 698,5 % Footwal) 6.9 | 8351 very ﬂnu
QED8400L 842 p2 95.5 746.5 6 Hanging Wall 8.9 | 8331 x10-
: P3 72 770.0 F Footwall 8.6 | 833.4 o1t
1 55,0 817.0 K Footwall 15.5 | 856.5 ax10~7
(3nsanos 872 P2 4.3 827.2 J Hanging Kail 16.0 | 856.0 1x10~7
2 208 | @52 | G anging wan et | HEhL
P . N Hanglng Wa 5 . X
QsREsoo 568 P3 94.0 874.0 D/E Seam £7.44 | 900.6 fx10-9
s 61.9 507,0 D Hanglng ¥all 10.71 | 657.3
] BE B i BBIBS | M
9. . G Footwa , Ba9, X
Qsresses 870 P3 15.4 824.6 F Footwall 1295 | 857.1 108
s4 6.0 864.0 11,04 | 859,0
WOTES: 1, Elevation taken from topographic Jocation plam.
' 2. P denotes sealed plezometer; 5 denctes standpipe; number from bottom of hole up.
3. ANl depth measwrements made on March 12, 13, 1985
! 4, HydeauTfc conductivity values calculated from falting head test data,
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APPENDIX A

GEOTECHNICAL LOGS FOR DIAMOND DRILLHOLES
AND DESCRIPTION OF CORE LOGGING AND
CUMULATIVE SUMS TECHNIQUES



JOB NUMBER_ _ _ _ _ _ ..

LITHOLOGY

':o..‘l.'o‘- -
o
PEBBLE CONGLOMERATE  [aiied|
_":°.."-‘;' [0 XX
LA Y
parige N,
COARSE SANDSTONE O
. ""
|" I ’0.‘?/‘///—
MEDIUM SANDSTONE ot B
FINE SANDSTONE : AR
SILTSTONE ey Vel adlad
CLAYSTONE AND ==
" CARBONACEQUS CLAYSTONE ==
——— Ir o

COAL

COALY: ‘UR CARBONACEOUS
STRINGERS

* STRUCTURE

CRUSHED ZONE ( THICKNESS
INDICATED IN cm.)

BROKEN ZONE ( LIMITS INDICATED)

THIN CRUSHED OR BROKEN
LAYERS

INTENSE CALCITE VEINING

FAULT

CLAY OR SILT INFILLED JOINT
( THICKNESS OF INFILLING
INDICATED IN cm. )

QUINTETTE COAL LIMITED
DENISON MINES LIMITED
SHIKANO -DEVELOPMENT
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GEOTECHNICAL / H'Y'D:ROGEOLOGE‘AL LOG

YL 8500
LOCATION
) AZIMUTH:
NORTHING : . ;
EASTING: ' INCLINATION: ___~ 0’
COLLAR ELEV.: DEPTH:

I
DATE umLL.Eo:/:éﬁrc/a/y 35

GRAPHIC
LOG

HYDROGEQLQOGIHC

SUMMARY OF CUSUMS ANALYSIS
- DATA

HARDNESS (R)
DEGREE OF
BREAKAGE
BEDDING JOINT
TRUE SPACING(m)

JOINTS / m

RQD (%)

RECOVERY (%)

BEDDING
DIP (°)

J LITHOLOGY

STRUCTURE

DESCRIPTIVE LOG

INSTALLA-
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TION
DETAILS
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GEOTECHNICAL/HYDROGEOLOGICAL LOG I
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ASD B5005
LOCATION
AZIMUTH
NORTHING :
EASTING: INCLINATION:
COLLAR ELEV.: DEPTH: /

_.900

b7.9m,

" GEOTECHNICAL / HYDROGEOLOGICAL LOG

DATE DRILLED: February /85

SUMMARY OF CUSUMS ANALYSIS| DEPTRH |GRAPHIC HYDROGEOLOGIC
LOG DATA
— — - N O
« CE 3 /:50 . =
ey N SCALE | > | & I w| &
w >
S 1%elo2l e |3, — 9 15| DESCRIPTIVE LOG |3 | &
A IR e T E R T Bz £
Z10k|221 5o |Balwfuw|kir =F2L o
T |laoamio-i S (14 r mo| w = a1
-1 0
T 1 T S0 e )
'5-0_ s 3 caréalmc:tows, 7£me,
- PN Ik .
1 27 -20 };\/.;"::1:;'” carboracto us
e CLAYSTONE
9% 3 8o mderbedded | mediom
100-2CF ;b fo fine SANDSTONE
FRPN and pebble
' CONGLOPAERATE

. infer-bedded CoAL
and carbonaceous

P cLAYSTONE ; minor

S/ILTSTONE

carbonateous ¥ine

to medivm SANDSTONE
wterbedded with
some Farboracecos
CLAYSTONE | becones
carbenat&ous . ST~

| s7onle v cLavsToNE

5 COAL. and carboA-
aceous CLAYSTONE

carbonaceous
SILTSTONE with
some inderbedded
carbonaceous
SANDsSTONE

CoAL; mihor carbon-
crares|d ac&ousj CLAYSTONE (S’ZW) B
nterbedeled
carboraceovs | Flhe
SANDSTONE and-
SINTSTONE
I d | carboraceous | 4eam
130 2| - ‘ _ T
T . 4 =cpols cLAYsTONE  and
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) 40' %(ﬁ/ﬂh’-‘ 4o m
PR carbonactous, fine
o SANDSTONE and
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o 9 98 Boo| | SITSTONE.
1elas] 18T || [ [ e sawosone
R 201 o [ and SILTSTONE
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U//JTE'TTEE’ ‘COAL L/M/?Eb

SH}HAA/Q PRoJE CT
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GSD 85006
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‘ ' AZIMUTH ! —
NORTHING:
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1o ] " = =10 1% pebble CoNGLOMERATE;
pt|5.7 |0.0{ /a0 ]ioo| | o | [zz¥ | mher Fihe —nediom
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' 2, el dcéous Fine SANDSTOANE
L5 74 90 2hends COAL and carbon - .
N o4 ) 2 aceous CLAYSTONE
- . too-t ‘ y JSeoms DJE
B ) ’ . ): wrirsvelps -
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GEOTECHNICAL 7 HYDROGEOLOGICAL LOG
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DESCRIPTION OF CORE LOGGING TECHNIQUE

The basic parameters measured from the rock core are as follows:

1. Core recovery

2. Rock hardness

3. Degree of fracturing (breakage)
4., Degree of weathering

5. Core size

It is noteworthy that the best data on core competency can be collected by the
drill inspector at the drill site before the core becomes broken or data Tost
from excessive handling, splitting, or drying out,

The data on the various parameters may be tabulated on appropriate recording
forms and presented graphicaily for specific boreholes on geological sections or
plans.

A detailed description of each of the parameters recorded is given in the
following:

1. CORE RECOVERY AND RQD

Core recovery is expressed as a parcentage of the total length drilled for
each core run which is marked by wooden biocks in the core boxes. Recovery
gives an indication of the quality of the ground being drilled and the
general competency of the rock. Low recovery may also be indicative of
faul ts. '

2. ROD {ROCK QUALITY DESIGNATION)

The RQD is defined as the percentage of core in each run in which the
spacing between natural fractures is greater that four (4) inches (10 cm).
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A simple scheme for classifying soil or rock according to its con-
sistency or hardness is given below. Using this scheme, a reasonbie
first estimate of the unconfined compressive strength {q;} of the
material may be made. Classifications are based on simple mechanical
tests which can be easily performed in the field. By the use of
fingers, a pocket knife and geologic pick and with a minimum amount of
experience, the complete range of classifications can be established
in the field.

QUALITATIVE & QUANTITATIVE EXPRESSIONS
FOR COHSISTENCY OF COMESIVE SOIL AMD ROCK

APPROXIMATE RANGE OF
UNCONFIRED COMPRESSIVE STRENETH

HARDMESS CORSISTENCY FIELD IDEMTIFICATION rgeat
=1
{Approx Tons/ft2) psode
51 very soft Easily penetrated severa] inches by fist. €0, 25 £3.5
52 soft Easily penetrated several inches by thumb. 0.25 - 0,5 3.5- 7
| Can be penstrated sevaral inches by thumb
s fira with moderate effort. 0.5 -- L0 7- 14
Readfly {ndented by thumb but penetrated
o4 stiff on‘[y with g"Eﬂt affort. 1.0 = 2,0 14 28
s5 very stiff Readily indented ty thumbnail. a0 « 40 28 - 56
S5 hard Indented with difficulty by thumbnail. 4.0 )56
RO extremely soft Indented by thumbnafl. N 20 7.0 28 - 100
Crunbles under firm blows with point of
R1 very soft rock l;gﬁglfog'k:a] pick; can be peeled by a pocket 7.0 -70 100 - 1,000
2.
Can be peeled by a packet knife with
R2 soft rock dfficulty; shallow indentations made by 0 - 280 1,600 - 4,000
firm blow of geological pick.
Cannot be scraped or peeled with a pocket
R3 average rock knife; specimen can be fractured with single 280 - 560 4,000 - 8,000
tirm biow of hammer end of geological plck,
Specimen requires mare than ons blow with N
Ré hard rock hammer end of geological pick to fracture it. 560 - 1,120 8,000 = 16,000
Specimen requires many blows of hammer end
RS very herd rock of geological pick to fracturs 1t, L,120 - 2,280 15,000 - 32,000
RE extranely hard rock Specimen can only be chipped with geologic plck. 32,240 »32,000

* Modffled Rock Hardness Classification

$1 to S6

Rl to RS

Modified after Terzaghf, X. and Peck, R.B., 1967. "Sofl Mechanics in Engineering Practice, 2nd gdition, John Wiley
and Sons Inc., Mew York. p.30.

Modified after P{teay, D.R., 1970. “"Geological Factors Significant to the Stability of Slopes Cut in Rock® in
Planning Open P{t Mines, Yan Rensburg Ed. Aug, 20-Sept, 4, 1970, Balkema, p.51 and 68.



4, DEGREE OF BREAKAGE

Degree of Breakage is a visual and thus somewhat subjective estimation of
the quality of the rock in terms of the number of fractures or breaks.
General categories, numerical equivalents and qualifying descriptions are

given below.

MEAN SPACING

NUMERICAL OF BREAKS OR
CATEGORY EQUIVALENT DIAMETER OF QUALITY DESCRIPTIONS
FRAGMENTS
. {in.)
A- 1 Mostly fault gouge with/without
minor rock fragments
A 2 ¢ Gouge and crushed rock
A+ 3 Crushed rock \-nth/m thout minor
. gouge .
B- 4 % to 2 Crushed rock - no gouge
B : 5 Crushed rock - diameter of
pieces 42 in.
B+ 6 Broken rock - fracture spac1ng
..... {2 in. ce .
C- 7 Mean spacing 2 to 3-in.
c 8 2-4 Mean spacing 3 in.
.C+ .9 . Mean spacing 3.to 4 in.
D- 10 Mean spacing 4 to 6 in.
D i1 4-8 Mean spacing 6 in.
D+ 12 Mean spacing.6 to 8 in.
E- 13 Mean spacing 8 to 12 in.
E 14 >8 Mean spam ng 12 to 14 in.
E+ 15 Mean spac1 ng *24 in.

NOTE: Care should be taken to identify al1 fault/shear zones {Category A).
However, for other Degrees of Breakage, the category should be
averaged over a length of three (3) metres.



DEGREE OF WEATHERING

The degree of weathering or oxidation of the rock core is used to
define the upper boundary of unweathered bedrock and to delineate
faults and other zones of intense weathering. The degree of
weathering is estimated visually to give a qualitative feel for this
parameter. The classification for degree of weathering is as follows:

- intensely oxidized or weathered.

moderately oxidized or weathered.

- mwildly oxidized or weathered (on joints only).
- fresh and unweathered.

L= B o B v~ B ]
1

CORE SIZE

Core size has a direct effect on the quality of core recovered. It is
generally recognized that larger diameter core will give better core
recovery and a better sampie of the geological structures. Accor-
dingly, a record of the core size is kept in conjunction with the core
competency study to consider these aspects.

JOINT FREQUENCY

The number of natural joints or fractures in each core run is used to
calculate the joint frequency. In sedimentary rocks, the number of
bedding joints/m and number of cross joints/m are recorded separately.



Reprinted from STABILITY OF ROCK SLOPES
Thirteenth S5ymposium or Rock Mechanics
ASCE [ Urbana, Hllinoisf August 30-Seprember 1, 1971

CUMULATIVE SUMS TECHNIQUE:
A NEW APPROACH TO ANALYZING JOINTS IN ROCK

By Douglas R. Pitean* and Lindsay Russell**

SYNOPSIS

The cumulative sums technique for analyzing joints in
rock was developed as part of an extensive slope stability
study of Nchanga pit. It was used successfully to deter-
mine the joint orientation trends, the pattern of their
behavior and whether the joint information could be extra-
polated to other areas in which slopes are proposed. This
technique is illustrated with reference to the Nchanga
study.

INTRODUCTION

The cumulative sums technique for analyzing joints in
rock was developed as part of an extensive slope stability
analysis of the hanging-wall of the Wchanga open pit in
Zambia. This technique was used successfully to define the
characteristic features of the joints, most particularly to
deteymine the pattern of their behavior from one part of
the Nchanga syncline, where the pit is situated, to the
other., A description of cumulative sums technique is

* Formerly, Consultant, Nchanga Consolidated Copper Mines
Ltd., Chingola Division, Zambia; Presently, Consulting
Engineering Geologist, Principal, Piteau Gadsby Macleod
Limited, Geotechnical Consultants, Vancouver, B. C.

** cenjor Operations Resgarch Officer, Nchanga Consolidated
Copper Mines Ltd., Chingola, Zambkia.



2 Rock Mechanics—1971

given with particular reference to the joint analysis of
the Nchanga pit.

Basically, the cumulative sums technigue was developed
to analyze the joint trends in a more definitive manner.
This technique led to a better understanding of the genetic
relationship of the joints occurring within the overall
synclinal structure. Ultimately, predictions were made as
to vhether the joint data acguired from the existing hang-
ing-wall pit face could be extrapolated (a) to an area some
300 £t behind the existing hanging~wall face, where the
final slope is to be located and (b} to areas east of the
existing face, where the pit is to be extended another mile.

The Rchanga syncline is approximately one and one
gouarter miles wide and seven miles long. The Nchanga open
pit is located in the southern half of the western limits
of the syncline, which consists of a clearly defined se-
guence of mainly sedimentary rocks li.e. argillite, silt-
stones, shale, séndstone, etc)}. The sediments strike
roughly east-west. The south limb dips betwsen 20° N to
35° N, and the north limb dips steeply to the south, form-
ing an asymmetrical synclinal structure with an axial plane
dipping steeply north. The syncline plunges between 5% ana
15° to the west.

The overall approach to the structural analysis of the
hanging-wall slopes was basically straightforward /Piteau
{6)7. Discontinuities in the rock were systematically mea-
sured along over three miles of benches, using the conti-
nuous detail line survey method as described by Piteau (5).
The joint data were statistically analyzed, initially using
rectangular, histogram, cumulative sums and other analysis
methods to deterrine their nature and distribution. For
purposes of this discussion "joint™ is meant to include any
naturally-occurring structural discontinuity in the rock
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nass.

CONSIDERATION OF THE ROCK MaSS JOINT MODEL

An objective of the joint analyses is to obtain a
schematized concept or model of the joints in the rock mass
and to establish certain criteria which indicate where
this model changes. BAlso, one seeks to establish confidence
limits in areas where the model is considered to apply, re-
garxdless of whethexr it is in areas of extensive, limited or
no sampling. ‘

When designing open pit‘slopes on a rational basis, an
important, if not the most important, consideration in most
geological environments is the determination of the atti-
tude, geometry and spatial distribution of the joints in the
boundary of the proposed excavation. Thus, for purposes of
rationally analyzing a rock slope, such a study mast be de-
pendent upon assessing three main factors, namely (1} the
nature and structural arrangement of the joints; (2) the
strength parameters of the joints; and (3) their relation-
ships to possible failure surfaces. Based on this ap-
proach, the geological factors and certain geological pre-
mises are given by Piteau (4) and (5}, methods of struc-
tural interpretation by Robextson (8) and mathematical
theories for stability caleulations by Jennings (3). This
discussion deals exclusively with assessment of factor (1).

Of the three _factors listed above, the first is the
most important, as the two others are of little consequence
if the structural interpretation, and hence the.jointing
model of the rock mass, doces not represent the actunal situ-
ation in a statistical sense. The first requirement of the
model, whether it is of a physical, graphical or mathema-
tical nature, is that it be true, and that a statistical
sampling of any property will give a representative picture
of the whole situation. The second is that any calculations
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made for a representative portion or section of the model
apply to the model as a whole.

Thus, on the basis of the jointing model, and with due
consideration of the strength parameters and kinematically
possible failure modes for that partieunlar structvral situ-
ation, the stability of the slope can be theoretically de-
termined /Jennings (3)7.

CONSIDERATIONS AT NCHANGA LEADING TO THE
DEVELOPMENRT OF THE CUMULATIVE SUMS TECHNIQUE

The present dimensions of the pit are s,sbo ft along
strike, but will extend, eventually, along strike for three
miles, after the extension of the pit eastwards is comple-
ted. It is presently approximately 2,500 £t wide at its
present depth of 750.ft. However, it is planned to go to
1,000 ft, ‘and possibly even to 1,200 ft depth, the result
being a final width of about 3,000 ft.

The structural mappihg was conducted on the hanging-
wall face of the pit. The problem involved trying to de-
termine whether the same or a different structural situa-
tion can be expected to exist in the hanging-wall slope
when the f£inal depth of 1,000 ft is achieved. The final
hanging-wall slope will be at least 300 ft farther in from
the existing face as the pit is advanced northwards. The
existing and approximate final locations of the hanging-
wall, along with some salient geological features, are
shown in Fig. 1.

A print-out of the raw joint data representing greater
than 3,000 joints from the hanging-wall is shown in a rec-
tangular plot in Fig. 2. Borizontal rows indicate similarx
angle of dip, whereas vertical rows on the upper half and
lower half of the plot indicate joints with similar direc-
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tion of dip* /Robertson (8)7. It can be seen that about 20
percent of the joints are highly concentrated, occurring
within a direction of dip interval of 50° (i.e. between 20°
and 70%, and 200° and 250° in the upper and lower halves,
respectively), and within an angle of dip interval of 55°
(i.e. between 70° and 900, and 65° and 90° in the upper and
lower halves, respectively). That is, the peak concentra-
tion of these joints is centred about a strike of approxi-
mately 310°, and they dip steeply both to the northeast and
sounthwest, :

-

Detailed examinations of drag, monoclinal and major
recuwbent folds, both locally and at other points around
the syncline, revealed that their axial planes were in fact
striking about 300° to 3100, and not east-west, as might )
be expected from the apﬁfoximately east-west orientation of
the Nchanga syncline proper. ¥rom the results in Fig. 2 it
can be seen that the peak concentration of the joints appro-
ximately parallel this tectonic fold axis.

Further study indicated that the topography of under-
lying basement granite dome structures to a large extent
controlled the overall synclinal shape and did not control
the tectonic fold process proper. For purposes of extra-
poiation and, ultimately, for assessing the significance of
the joints with respect to slopes developed at different
locations in the syncline, a more definitive knowledge of
the joint behavior in regards to both dip and strike trends
_was required.

* Direction of dip of a joint is the strike plus or minus
90°, depending upon whether the joint dips in a clock-
wise or counter-clockwise direction.
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THE CUMULATIVE SUMS TECHNIQUE

GENERAL FEATURES

Cumulative sums, ox "cusums®” as they are also called,
have been used extensively in industrial quality control
/¥oodward and Goldsmith (9)/. They have also been used for
studying long~term trends in natural phenomena, such as
river volume flows and silt deposition /Hurst et al (2}/.

" As far as is known, these technigues have been applied only

to series of events egually gpaced in time. In the analy-
sis of joints, however, we have used these methods to study
events occurring, not in time, but in an irregqular sequence
in space. This analysis is seguential in that the dip or
strike values of the joints are considered in the order in
which they are derived along the survey line.

The cuomulative sums technique provides a rapid and a
precise method of determining major trends above or below
a particular reference value which is selected, and for
ascertaining both the magnitude and location of these varia-
tions. The main uses of such an analysis method can be
summarized briefly as follows:

{a) To detect general changes in joint orientation
above and below the mean level of the joint
orientation data;

{b} To determine where changes in joint orientation
take place in the rock mass;

{c) To determine a reliable estimate of the mean
orientation of the joints at any point along the
surveyed pit facej '

{d) To predict the average crientation of a parti-
cular joint set, or group of joints, in other
: parts of the mass where informatien is not avail-
able.

e e e i i AR Rn W sk R b e R S P e s e aeari .
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METHOD OF COMPUTATION

Basically, the approach is simple, consisting merely
of subtracting a constant guantity, which at Nchanga was
taken to be the mean value of either the strike or dip,
from each value of strike or dip in the series, and accu-
mulating the differences as each additional value is intro-
duced. Successive accumulated differences are designated
the "cumulative sums” of the original sequence of joint
orientation values. The resulting graph of these sums is
designated the "cumulative sum joint orientation plot”.

When large numbers of joints are to be analysed, it
is convenient to create cusum plots by computer methods,
methods to which the analysis is ideally suited. Plots on
the line printer, using a width of 100 characters, have
proven to be an excellent medium for this methoed of analy-
sis, In order to make the plots comparable, however, it is
necessary to use the same cusum range and mean for all
plots.,

Let us suppose that we have a series of joint strike
values acguired from a continuous detail joint survey. We
will denote these values by Xl, xz, . . - xr, recorded in
that order along the pit face. From each X we subtract a
reference value X, the mean strike of the joints. We then
add these deviations to form a series of partial sums:

Sl = Xl - K

(xl-x)+(x2-x}=s

©n
N
L]

1 + (Xz - K)

53252+(x3"x)
The general eguation for the cumulative sums can thus ba

written as follows:

8, =58, X, ~K) = Xy + X % .oouX, = 3K
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51' 5o+ 83, « o o o Sr is the cumulative sum series {or
cusum) of the joint strike series. The plot of 5 against
position in the sequence {5_vs r} is the cumulative sum
joint orientation plot. °

The random spacing of the joints presents no problem,
so long as the position, not the distance, in the sequence
is used. It does not matter if the interval between cbser-
vations changes. In this computation, strike or direction
of dip data must be converted so that only values from
either the 0° to 180° or the 180° to 360° intervals are

. calculated in the same analysis.

METHOD OF INTERPRETATION

If there is no trend in the strike of the joints, some
of the difference terms (Xr - X) wil} be positive and
others negative, with the result being that the cusum will
be basically co-~stant. But, if the current or local mean
strike value is .lightly greater than XK (the overall mean),
more of the differences will be positive, and the cusum
will then be a straight line or curve sloping upwards. The
reverse will occur if the current mean is less than K.

The actual distance of the plotted cusum cuxve from
the horizontal is irrelevant; the interpretation is based
exclusively on the average slope of the curve. The steeper
the curve, the further the mean strike of the joints within
any particular location is from the mean value K. The
slope of the line (and hence the amount of deviation of the
current mean strike from the overall mean value) can be
easily calculated. The slope of the plotted line joining,
let us say, the mth point and an nth point further along in
the series indicates the average difference from the refe-
rence value of all the results from xm to ¥X_ inclusive.

+ 1 n
The mean strike (X) over any interval of the cumulative sum
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oint orientation plot is given by

L

o change in cumulative sum
X =R+ v
change in n

¥hen conducting this type of analysis considerable
care should be taken in selecting a suitable reference
value. {K). One impdrtant feature of this analysis method
is that relatively small changes, say in the cuirent mean
valve of the joint strike, will appear as clearly diffe-
rent slopes. However, changes from cne positive value to
ancther in the slope of the cusum plot are not nearly so
discernable as a reversal of the sign of the slope, i.e. a
change from a situation in which the mean strike of the
joints is above the reference value, to one in which it is
below. The reference value K should be chosen as a reason-
able target from which the results are expected to vary.
Also, erratic variations or "noise" in the data are
smoothed out. This is a significant factor when lecking
for trends and patterns, particularly when analyzing data
from natural phenomena such as joints.

This technique is best used to determine long-texrm

trends. Interpretation becomes difficult if attempts are
made to include short-duration effects.

COMPARISON WITH TIME TREND ANALYSES ) .

Several techniques,” adapted from time series analysis,
have been used extensively to analyze sets of geological
data which are arranged as a2 series in space éﬁérbough and
Merriam {117. They include moving average methods, harmo-
nic analysis, spectral analysis and auto-correlation. All
but the first of these are concerned with acquiring infor-
mation from rapid fluctuwations present in all data.

The moving average techniques (including polynomial
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trend analysis) tackle a problem similar to that discussed
here. However, they assume that the underlying variations
sought are continuous functions and will smooth out any sud-
den breaks. The analyst is presented with a plethora of
results which are difficult to interpret.

In contrast, cusums are best used ‘to highlight step
changes in the uvndexlying function, and are excellent for
displaying slow cyclic variations. A comparison of cusums
with other technigues used to detect slow variations is
given by Hurst et al (2). It is interesting to note that
the cusum of a series. of egqually spaced events is a conve-
" nient aid in calculating the simple moving average, parti-
cularly when a number of base lengths are to be examined.

APPLICATION OF THE
CUMULATIVE SUMS ANALYSIS AT NCHANGA

METHOD OF APPROACH

All joints occurring within 30° of either side of the
tectonic fold axis (which for analysis purposes was taken
to be 3000) were considered in the analysis (i.e. joints
with a direction of dip of 0° to 60° and 180° to 240°). 1In
order that the joint data be representative of different
parts of the pit slope, the hanging~wall was sub-divided
into 14 arbitrary areas of approximately similar size going
from west to east.

Analysis Using One Mean

One cusums technigue consisted of analyzing the direc-
tion of dip data of all joints within the limits defined.
Those joints with direction of dip of 0° to 60° were conver-
ted to 180° to 240° by adding 180° to their respective va-
lues. Thus, all joints could be analyzed together in the
180° to 240° range.
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An example of the method of interpretation of the cumu—
lative sums is shown in Fig. 3. The actual direction of dip
orientations, as caleulated from strike measurements in the
field, are shown in Pig. 3{a). The resulting cumulative
sums joint orientation plot of the raw data in Pig. 3(a) is
shown in Fig. 3(b). Fig. 3{c) shows a Manhattan diagram, -
depicting the degree of deviation of the current mean strike
above or below the overall mean strike K, according to the
curves plotted in Fig. 2(bh). See Fig. 4 for details of
Fig. 3. :

In Fig. 5, Manhattan diagrams of the cumulative sums
of the analyses of the entire hanging-wall area that was
surveyed, are shown. The various bench levels and sub-
divided areas of the hanging-wall (i.e. 1 to 14) are denoted
accordingly. The bottom Manhattan diagram in Fig. 5 gives,
for each of the 14 areas, the current mean deviation of the
strike®* of the joints about the mean. This is determined
by calculating the mean deviation for all the benches occur-
ring in a particular area.

Analysis Using Four Means

This analysis technique consisted of determining the
cusums of both the direction of dip and angle of dip of the
joints dipping to the northeast and of those dipping to the
southwest. The respective mean direction of dip and mean
angle of dip for each group were used. Hence, four K values
are required, giving four cusum plots. The four K values
applying to the Nchanga data are as follows:

* The cumulative sums plots in Fig. 3, of direction of
dip data, is converted to actual strike values in Fig.
-5 for purposes of clarity.
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Joints Considered Orientation Data K Value
pirection of bip 0° - 60° Strike 310°
- » 0% - 60° Angle of Dip 74°

» = n 1p0° - 240° Strike 306°

" « » 3150°% - 240° Angle of Dip ‘ 78°

The general results are similar to those illustrated in Fig.
3, except . that four cusum joint orientation plots are pro-
duced. Two plots apply to strike and two to angle of dip,
although only one strike chart and one .angle of dip chart
are reguired. FPour Manhattan diagrams must be considered
in the same manner. The Manhattan diagrams of this analysis
are given in ¥ig. 6. See Fig. 7 for some details of Fig. 6.

Applying this general form of cumnlative sums anal&sis,
boundaries to structural regions (i.e. areas of similar
jointing characteristics in a statistical sense} were also
determined. Cusum techniques used for this purpose will be
published elsevhere. '

DISCUSSTION OF THE RESULTS

Counter-éiockwise Rotation

In Fig. 5 it can be seen that the mean strike of all
the joints is 307°. There is, however, a counter-clockwise
rotation in the current mean strike, going from west to the
east side of the hanging-wall. It rotates from abkout 317°
in areas 1 and 2 to about 2597° in areas 9 to 14. Around

areas 5 and & the current mean strike is about the same as XK.

Effects of Major Fault

As shown in Fig. 5, the rate of change of this rotation
is greatest in areas 3 to 7. In Fig. 6, where the northeast
and southwest dipping joints are analyzed separately, it can
be seen that this phenomenon is due largely to the rotation
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of the southwest dipping joints. This rotation is due to a
major fault, the only major fault occurring in the area con-
sidered. This fault strikes 3?0° and dips 80° +o 85° sw,
The vertical component of net slip is about 80 ft, the down-
throw being to the southwest.

In Fig. 6 the northeast dipping joints, with xespect
tc both strike and dip, vary only slightly about the mean.
Also, they decrease in frequency going eastwards, becoming
negligible beyond area 7. This indicates, along with their
angular relationship to the fault, that these joints are
probably feather fractures which have developed sympathetic
to the faunlt. .

The sovthwest dipping joints, on the other hand, are
significantly above the mean on the west side of the pit.
Here, sympathetic fracturing parallel teo the fault has
swvung the current mean strike slightly towards that of the
fault. Purther east, however, the southwest dipping joints
rotate counter-clockwise past the mean. Beyond area 9,
where the influence of the fault is negligible, and where
only tectonic forces appear to have been significant in
causing the existing joints, they maintain a remarkably
consistent current mean strike of about 295°.

Plots in Fig. 8 of both {1) the percentage anrd (2) the
number of joints per foot (i,e, joint intensity) of north-
east and southwest dipping joints oeccurring in each of the
areas 1 to 14, provide convincing additional evidence of the
conclusions above. 'Fig. 8{a} indicates that the percentage
of northeast dipping joints is considerably greater on the
west side of the pit and decreases rapidly, becoming negli-
gible east of area 7. -The opposite is true for the south-
west dipping joints. Area 4 is the changing point where
one or the other dominates. In Fig. 8(b) the influence of
the fault can be seen clearly. The intensity of the north-
east dipping joints is excessively high in areas 1 to 4,
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but negligible beyond area 7. ‘The sovuthwest dipping joints,
however,; increase in fregwency only slightly across the
fault-affected area and maintain a fairly constant, though
slightly decreasing, fregquency going from west to east be-
yond this area.

Regional Joint Pattern

East of area 7 additional joints of an anomalous na-
ture, (i.e. joints other than those originating through
regional tectonic processes) are not evident. Thus, it
must be assumed that those remaining, namely the joints
pccurring outside of the limits of the fault influence, are
of the regional joint pattern. These are exclusively the
southwest dipping joints.

Not only are these joints part of the regional pattern,
ut they represent greater than 80 per cent of the regional
pattern (see Fig. 2 and 8). Greater than B0 per cent of
the regional joint pattern, therefore, can be defined,
approximately, as having an average strike of 295° and an
average dip of 72° sw to 76° sw.

Genesis of Jointing and the Tectonic Process at Nchanga

With the general Joint distributions in Fig. 2 and
other structural relationships, the genesis of this dominant
regional set, and the conditions during which both folding
and this jointing took place, can be postulated.

Since definite sets of either one or both conjugate
shear joints are not evident, and the intermediate tension
joint set is essentially absent, the sedimentary rocks in
the area appear to have yielded, at least initially, by
plastic deformation or flowage and recrystallization in con-
¢rast to brittle fracture. The fiyst and major form of
brittle fracture (i.e. sonthwest dipping joints) appears to
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have developed as a result of elagtic rebound of the origi-
_nally highly compressed materials after both the temperature
and pressure subsided. The southwest dipping joints, there-
fore, appear to be tension joints, having developed due to
elastic rebound after the principal tectonic force had ter-
minated. The principal form of deformation was that of
crustal shortening., The type of folding was related prima-
rily to those of horizontal tectonics, i.e. to processes of
deformation wherein the maximum principal stress (tectonic
stress) acted horizontally.

EXTRAPOLATION OF JOINT DATA

For purposes of making slope stability evaluations for
the pit faces advancing both northwards and eastwards at
Nchanga, the question of the reliability of applying infor-
mation acgquired from the existing hanging-wall slope to
other parts of the mass where information is not available
and where the advancing and final pit faces are to be loca-
ted, is an important consideration. If any degree of confi-
dence is to be achieved in proposing slope designs based to
a large extent on these results, it must be shown whether
the joint characteristics can be expected to’'be the same or
to differ, and in what way to differ, in other parts of the
mass where information is not available., The gqguestion of
the extrapolation of joint properties when designing engi-~
neering structures in rock, and basic considerations rela-
ting to this problem, are discussed by Piteau {7}.

Results in Fig. 6 show that both the current mean
strike and current mean angle of dip are, statistically
speaking, remarkably consistent east of area 8. This is
particularly so with respéct to the curyent mean strike.

In either case, the deviation about the overall mean strike
and mean dip orientation in this area is plus or minus
three degrees. The history of folding in the majority of
the syncline, and at least within the confines of the pro-
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posed final pit limits, is expected to be reasonably similar.
Since the joints in question are genetically related to this
folding process (in that they are rebound features which
developed normal to the principal tectonic stress), based on
the resuits of the cumulative sums analysis described above
(see Fig. 6}, there is good reason to believe that southwest
dipping joints with similar orientations will exist in the
proposed eastern extension areas of the pit.

-

For comparative purposes it is fortunate that at
¥changa an extensive joint survey had been conducted on the
hanging-wall of the pit in 1966. The pit face at the time
was 250 ft to the south of its present location, but the
joint survey was conducted at approximately the same eleva-
tion and same relative location as that of the present sur-—
vey. Hence, an ideal situwation exists for determining
whether the joint patterns are similar between the two sur-
.vey lines and, accordingly, whether extrapolation of such
structures is reasonable over this same distance in the
opposite direction.

The }966 survey results were available on stereo-
graphic projections, hence the peak concentration of the
southwest dipping joints was easily measured. This infor-
mation was compared directly to the cusum results for the
respective areas across the pit. Except for minor varia-
tions, in general a remarkable similarity was found between
the two separate survey results. Since the history of de-
formation is expected to be similar within the final pit
limits, this indicated that the results from the present
analysis would probably apply also behind the existing face
in areas where the advancing pit faces are to be eventually
located. These results also confirmed the conviction that
the joint trends will be maintained in areas further east
of the pit-in which the extension is proposed.
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CONCLUSIONS

The cumulative sums technique, illustrated with parti-
cular reference to an extensive joint analysis of the
Nchanga open pit hanging-wall, ?rovides an efficient and
definitive method of examining joint dip and/or joint
strike data in the order in which the joints are derived
along the survey line. Unlike most joint analysis methods,
this technique smooths out "noise®™ effectively. BAlso, both
step changes in the underlying function and slow cyclic
variations are readily displayed.

Basically, it is used to determine:

{2) the current deviation of either the joint dip or
strike above or below some level of the orienta-
tion data or reference value (RK) {i.e. in the
Nchanga analysis X was taken to be the mean of
the orientation data used}:

(b} where these particular ‘changes take place along
the pit face; and

{c) the current mean orientation or simple moving
average at any point in the consecutive seguence
of the joints.

The behavior of a particular group of jeints can be
ascertained with respect to such characteristics as impex-
ceptible rotation, Soth in the horizontal (i.e. strike) and
vertical {i.e. dip) planes. 1In that the plots depicting
this behavior are statistically significant, they can assist
in predicting whether the information from the exposed pit
face can be extrapclated with confidence to other parts of
the mass where information is limited, but where pit slopes
are to be eventually located. In this respect a knowledge
of the geological history and the genetic relationship of
the joints to the regicnal structure is important.
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APPENDIX B

LOWER-HEMISPHERE, EQUAL-AREA PROJECTIONS
OF POLES TO DISCONTINUITIES IN EACH STRUCTURAL
DOMAIN
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APPENDIX C

TEST PIT LOGS AND RESULTS OF GRADATION TESTS



L.

2.

3.

6.

7.

EXPLANATION OF TERMS USED [N THE SOIL CLASSIFICATION

Aapuansacasdes

Coarse Material

- SAHD (4200 sieve to #4 sieve)

- GRAVEL (#4 sieve to 76 mm)

- COBBLES (76 mm to 200 mm)

- BOULBERS {rock greater than 200 mm)

Percentage of Kinor Components

~ and {35 to 503}

- some (20 to 35%)

- little {10 to 20%)

- trace {1 to 103}

Plasticity

- Righ {Liquid 1imit above 50}

- Hedium {Liquid 1imit between 30 and 50}
- Low {Liquid 1imit below 30)

- 511ght {Plasticity Index between 4 and 7)

Structure and Sensitivity

- Stratified {AYternating layers of varying type)

- Laminated {Alternating layers less than 174", 6 m)

- Yarved {Where the laminations consfst of very fine smaterial)

- Fissured {Haterial breaks along plane of fracture}

- Slickensided ([f fracture plane appeared glossyl

- Blocky {1f material can be broken in smail and hard angular lumps)

- Nuggetted (1f sofl breaks into small nuggets ar cubes}

- Homoegenous (Consistent material mixture such as nonstratified clay,
titl})

- Lensed {5ma11 pockets of different texture)

Sensitivity

- High (8 - 16}

- Medium {4 - 8}

- Low {2 - 1)

Consfstency and Density (As determined by pocket penetrometer readings end .

SPT tests)
- VYery soft Less than 12 kPa {Undrained shear strength)
- Soft 12 to 24 kPa
- Firm 24 to 48 kPa
- Stitf 48 to 95 kPa
= Very stiff 95 to 190 kPa
- Hard Greater than 150 kPa
- Yery loose 8- 4blows/0.3 m
- Loase 4 - 10 blows/0.3 m
- Medium dense 10 - 30 blows/0.3 m (compact)
- Dense 30 - 50 blows/0.3 m

= Yery dense over 50 blows/0.3 m

Group Symbols (refer to following page)
i, 6P, M, BC, SW, SP, SM, SC, ML, CL, OL, MH, CH, OH, PT

Laboratory Tests

HS Hechanical Sfeve

H Hydromater Analysis
SFD Proctor Test
CBR Catifornia Bearing Ratio Test

SG Specific Gravity
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5 & G- clay mlxturss P - : and plasticity Lndex greater than 7 | aymbols
e . '] :
E E l 3 Fd .8, . €, = B/ Gruster than &
g 4 . . Well-graded sands and g 1 3‘ 2
% & Seilgn | ¥ geavelly sands, R ©,0°
g . cEa1 EB ¢ lictls or no fines E - 3 3 e = 0 Batvean L and 3
2w &%, HE 7 348 ) Bia X Ugo
h % -] = . ua i a . 4 5
| 2 553§ Poorly graded sands and gravelly - bo fearia tor SW
5 w g v ! sp sands, little or no [inew 7 : kot masting both critaria tor
RN L | g g —~- OoQ
Has H Attarberg 1imita plot balow "A" Lina| Atterberg limite plotting
£8 i 2 ﬂ ) SH Fllry sands, sand-silt mlxtures (H a & k| or plasticity [ndax less than 4 ln hatched acea ars botdac-
ﬁEa : H i - Attarbarg limits plot above *A® llns] ilne classilications requlr-
VT b ! s¢ Clayey sands, sand-clay alxtures A " and plasticity indax greatar than 7 | lnq use of dusl syvbols
L}
. Inorganic silts, very fine &0
4 HL ';:d" fock ““:" slley or PLASTICITY CHART
. clays ne sands
* 3 He i i sof Tor classiflcation of
5 a 5.-:. 1 Inorganic clays of lov to fins-gralned soils,
ﬂ < Z 4. cL sadlus plaaticity, gravelly CH
34 < 20 clays, sandy clays, slity g WO}
8 e g T clayr, lean clays
A A é A-lira
a g oL Organic sklts and orqanic E 3o
E . sllty clays of lov plasticity v}
v
é H 2 . Inorganic ailte, mlcaceous 520 . cL
u'.a 1 ﬁ .2 HYy or diatomacecus fine sande £ MH o CH
z v U9 or silin, alactic ailke
[l b
Eile i - o ...
. E < cH Inorganic clays of high T Moo OL
0 " % P plasticity, fat clays -‘,-' L . . s L
21 & B¢ "
2 d 3 E of /’ Organic clayv of medium 0 b 0 x l‘IOQUD SI'C:M“ ¢0 n - ® 0
7] ] - A te high plasticity
L
v
v vverre]  Peat, muck and other highly il-Manual 1dentiflcation, Gaa ASTH Designatian D 2480
Highly Organic Salls -PT organla solls Vieud !

Sased on Lhe mataclal passing the J=in, (75-mm) sleve

-UNIFIED SOIL CLASSIFICATION SYSTEM




PITEAU & ASSOCIATES
GEQTECHNICAL CONSULTANTS

OFFICE REPORT ON SITE

INVESTIGATION

Sheel 1 :of. 1

Controc!

Nao. . .SHIKAKO .SOUTH. DUHP, .

Compiled By. HAHLEX/CLARIDGE.

Boring Oote_..April.4,. 1935 ...

Boring No..........A. ......... Locarion, SHIKAKD, SOUTH,DUMP, ... Controctor ., ., . . ... .e.vounrn !
Northing ,...veves ciiee e vennnns Eosting_ ... ............,.. GElevation, .. . ... .
SAMALE TYPES SAMPLE CONDITION ,
GS  Grab somde TO Thin wall open - TEST INFORMATION 1
WS  Wesh  scmple TP  Thin wall pision )"‘ Disturbed - H
RC Roex cors TYPE OF RIG.. i . ooevcsriieessonnensnaneeenes i FOIF 2
CR CRREL borrel SAMPLE HAMMER: wi...... drop... ) . % Gogd . "::;:2?:::::0“;”5" szl
SS  Soft  so00n STICK UP (m.... .. Lot O URCOMFINES cOuP STR xw/m
[+
£ a 5O0IL/ROCK SAMPLES B | 4 ovnamic cone BLOWS/O3m
N Ks] - .
N DESCRIPTION . :_§_ B ...é“:f, & <==' ; R R T ',
3 ‘,E_ o a § £ 32 HE |laaTie uw - 9" T e
S|o| g g | = 2] z= | g8 | o ¥ KT
: FIRE SAND - trace of silt, trace of organics, '
medium brown, hormogeneous :
A-l A4
1
i
SAND, GRAVEL AND COBBLES - trace of silt,
cobbles to 20 cm, well-graded
i
p-2 e —
] i
1
H
-5
t
i
6 :
i
b I
L7 ]
!
l-8 1
i i
!
]
NOTES: -
. 1. WATER HOT ENCOUNTERED IN TEST PIT.
!
H
]
JOB RO, ....... BORING NO._ .



EAU & ASSQCIATES 1
::I!Ecumcu_ CONSULTANTS QFFICE REPORT ON SITE INVESTIGATION Sheet 1 of.1 ‘
Controct  No, .SHIKANQ .SOUTH. OUMP. . . Compiled By.HAMLEX/CLARIDGE, .. Boring Date. April.4, 1985 . ‘
Boring No..........B.......... Locotion, SHIKAND SOUTH DUMP, ... Centrocter . . . .. .. ......... 1
Northing ... ... .. ... ..., Eosting, . ..., .. ere e Elevation, | . e e E
SAMAE TYPES SAMPLE CONDITION !
G5 Grob semde TO  Thin wall open TEST INFORMATION
WS Wwash  somple TP Thin woll piston Oisturbes
RC  Rock core TYPE OF RIG.ius. coven-. Fair R 2
TR CRAEL borrel  SAMPLE HAMMER! wr, Goos $ PENETROUECTLE ®M/n :
$5  Sphit  poon STICK UP {m.) e e aae e Lost cl"”’:’m‘ IKES COWP STR xm/m
H L ] 1 1 1 ]
[
£ o SOIL/ROCK SAMPLES p 4 OYNAMIC CONE BLOWS/O3m
2 DESCRIPTION R Y -
£ - vl | 2] ESin 3 Z | MATER CONTEMT
& ,_é, g 3 E|l w3ie n E |Ptsmie G ©T"I%m uw
= ICE |» z Z- 1&g o 1 W ose L) 52
FINE SAND - organic, yellow-brown
0.6
FIHE SAND = trace of s{1t, dense, stratified,
L1 organics, yellow - brown to 0.5 m.,
gray - brown below 0.5 m.
i B-1 [5
o :
“92.3
=3
" l
5
3
5 i
=7
a
NOTES: i
1. HATER NOT ENCOUNTERED IM TEST PIT,
™~
JO8 NQ. . .... BORING NOQ.., ......



PITEAU & ASSOCIATES H
GEQTECHMIGAL CONSLR TANTS OFFICE REPORT OH SITE INVESTIGATION Sheer 1 of 1 1
4
Controct  No.. SHIKAND SQUTH DIRP. . Compiled By HAMLEY/CLARLDGE... 8oring Dote. April.5, 1985 . ... .
Baring No.........L..cciiuvununn Location, SHIXAND, SOUTH . .. Qonlractor ., ., . ......... e}
Necthing, .....................  Eesting .. 1?:::3 °¥E§E35m Elevetion, ,, ... _........ e
SAMPALE TYPES SAMPLE CONOITION
GS  Grab somple TO  Thin woll apen — TEST INFORMATION
W5  Wosh somple TP Thin wall pision X} DistorBed
RC Rork cor: TYPE OF RIG.oocres vt cieiveeiene s saee s enenenenn. [0 FOR 2
CR  CAREL borrel  SAMPLE HAMMERY wh.o Gr0Be oo 6 Good § reuLTROUCTER xx/n? (xr0]
S5 Spit  spoon STICK UP (Mo e venveeceee oo, IR Lot (] UMCOMTINED cOuP STR xu/m
1 1 2 1 L 2 1 1
SAMPLES ] ! SR
£ o SOIL/ROCK = & DYNAMIC CONE BLOWS/O3rm
s g DESCRIPTION & ] « v WY T
|32 REIFIREES g = WATER CORTENTWa
sl El 2 g Elw?gs| B F [mumecus - 0 Goow uw
FRE RS ICE |~ z == o '8 1p %0 £y © LY}
[T T ORGARTE STET {PERT]
SILT - trace ormnics, trace of clay, medium
3 brown to grey, stratified, very stiff, fissured
-1 -1 o]
-2
i 2.4
SILT ~ sandy, stiff, trace of organics |
{TRVANE) {PEN {PEN)
b3 c-2 [ o RN
b |
i
[
L 4 !
- il !
SILT (HL-CL} - clayey, 1ightly stratified, very |
-5 stiff C-3 1 & !
i
L i
K59 - :
-6 . H
-7
1
Fa }
3 i
!
1
B . i
j
!
NOTES: 1. SEEPAGE ENCOUNTERED AT DEPTH OF 3.0 m. :
'
13




ﬁﬁﬁﬁims&?ﬁﬂ.ﬁf OFFICE REPORT ON SITE INVESTIGATION Sheel 1 of.1 |
Contract No, ,SHIKANO SOUTH QUMP, ., Compiled By.HAMLEY/CLARIDGE... Boring Dale...April.5,.1985 - .- \
Boring No........0............. Locotion, SHIXAND, SOUTH.BUMP, .., Centroctar . ... ... ...... i
. - H 1
Nerthing . ... .. e e e . Eosting. _,......4 400ue..., CElewotion Ll !
SAMAE TYPES SAMPLE CONDITION
G5 Grob sompt TO  Thin woll open . TEST INFORMATION
W5 Wosh  somple TP Thin woll pistoa Oisturbed 1
RC  Rock cors TYPE OF RIG corrvovvieeees ceneeerecsiesaesnren snvnvens Faie . 2
LR CRREL  borrel SAMPLE HAMMER: wi. arep.... - Gocy . :zi::?::;!;u:”:“h ::.mz
S5 Soit  spoon STICK UP (Meee ot croeies ees s veaee ercaeens Lost Q UHCDRFINES £OuP 3TR K/
AMP = 1 2 3 4
£ o 501L/ROCK SAMPLES o) & DYNAMIC CONE SLOWS/03m
5 2 DESCRIPTION 1 - RS- g v IS S T S SV Y
. z MR :'67"! S g WATER COMIEKT
& ?_ w e 3 Eluide| wh [rusm: uv @7 oD e
S lwm|E ICE |~ z Z¥ |l g o ] X L] ) e
PEAT - dark brown, amorphous to fibrous
-1 -1 476.2
)
-2
2.2
| SILT - clayey, trace of sand and gravel, grey,
stratified, soft, wet
§2.8
-3 CLAY, SILT, SAND, GRAVEL AND COBBLES (TILL) =
occasional boulders {to 30 cm}, medium to very
| :3? consistency, lenses of very stiff clayey 0-2 Gradatioh test - 1
i
L !
> D'3 Y _'
4.9
5
!
i
6
I
Wi
_3
- |
NOTES: 1. Pit Tocated near swamp.
) 2. Seepage encountered at depth of 1.0 m.

Jog No. . ...

.. BORING KO,



PITEAU & ASSOCIATES :

GEOTECHNIGAL CONSULTANTS OFFICE REPORT ON SITE INVESTIGATION Sheet 1 0of.1 i
1)
Controct  No. SHIKANG, SOUTH .GUM, . . Compiled By UAHLEY/CLARIOGE... Boring Oote. April 5, 1985 | H
. H
Boring No.........E............ Locotion, SHIYAND, SOUTH BUKE, ... Conatractor _ ., ... ... ... !
Nerthing .. ers cee e e eene s Easting ., ..., .. eerevwu... FElevation . ... |
SaMALE TYPES SAMPLE CONDITION i
GS  Grob sompe TO  Thin woll ppen TEST INFORMATION 1
WS  Wash somale TP  Thin wall piston Disturbed :
RC  Rogk  cor: TYPE OF RIG oiciiiies - ceeccieeere crectt e meceseens Faie Py . 2
CR  CRREL boreel SAMPLE HAMMER: wi. arap X - Good PEMETROWETER EN/m I:zl(:h::l)z
$S  Solit  spoen STICK UP tm.J.. .. RS, T 0 UMCOMFINES 02 STR cnfm
1 1 L 1 1 iy 1 L
. = ] 2 3 L]
£ o SOIL/ROCK SAMPLES 2] & DYNAMIC CORE BLOWS/O3m
s % DESCRIPTION £ |« T I N R S S S T
| T 5| w323E S 3
£14| - vw|E123|E5in 3 T L TH
3] el a § Elw3de| O |pasne Gw @7 Toum Gw
a /tn = ICE |~ z z= =] 1p = @ k] 9z
/ CLAY - some sand, some silt, mottlied brown,
/ trace of organics, very stiff, stratified,
/ fissured H
-1 / E-1|Gradatign test
7 | T
-3 éB.l
SILT AND CLAY - trace of fine sand, brown to
grey, stiff, stratified, fissured, trace of
organics L
1
- { VAKE] |{ PEN) :
4 [
E-2 -
) 5.0

NOTES: 1. Seepage encountered at depth of 3.0 m.

-

JO8 NO. . ...... BORING NO.



ATES i
Bt comeaans OFFICE REPORT ON SITE INVESTIGATION  Sneet 1 of 1
Controct No., . SHIKAND SQUTH putp, Compiled By .HAHLEY/CLARIDGE... DBoring Ocle. april.5, 1985 . ...
Boring No.........F........... Localion , SHIEANO.SOUTH DUMP, ... Conlroctor ., .. . .. .. .. ...... :
Nerthing ... .o oeeet s Bosting ., . ............... GElevation e e i
SAMAE TYPES SAMPLE CONDITION
G5 Grab somge T0  Thin woll gpen i TEST (INFORMATION
W3 Wosh  sample TP Thin woll pistos Oislurbed
RC  Rock cor: TYPE OF RIG.... il Fer 2
L P T e amepar k4 3 '™ tm
CR  CRREL vareret SAMPLE HAMMER: w s Goss ¢ ‘:5:507"':?:"(’ £ u:)t! Tlhﬂt ’:
S5 Sofit  spcon STICK UP (m.}., . ceeeere I Lot Q pHeanFes cous STA . Kuse
R = 1 F] 3 %
£ o 50IL/ROCK SAMPLES [ A OYNAMIC CONT BLOWS/03m
-| © P ' '
<3 & DESCRIPTION . é E‘ - é \;,.E, g é, " i 1*‘;“‘: céu:EHTL‘J?L,—
S ?_ w s g E 320 NE [Wusne s O Ddum uw
slwjZ ICE | & 2 z= | 2B | » » s ® e
ORGAHIC SILT {TOPSOIL) ] '
0. 25 . l !
SILT AND FINE SAND - very stiff, stratified, :
mottled yellow-brown, trace of organics l
1 Fel [ TORVANE) (FEMY
L L7
H2 SILT - sandy, trace of clay, very stiff,
stratified, trace of organics, grey
0 (2
L £2 T fwmec L1 EN)
| |
'
-4 :
L T2
SILY - clayey, trace of fine sand, trace of (PEN]
fine gravel, medium consistency, grey {TARVANE) “‘T’
= F-3 L
4 Lo
" ---|--s.9
[
._7
18
i
[
i
NOTES' 1, Water not encountered in test pit. i
i
JOB NO, ... BORING NO.



R e s OFFICE REPORT ON SITE INVESTIGATION  Sheet 1 of.1 1
. [
Controc!  No.. SHIKAND .S0UTH. BUMP. . Compiled By.HAWLEY/CLARIDGE. .. Boring Dote.april. 6, -1985-- - - - :
Boring No...........8......... Location, SHIKAND, SOUTH.OUMP. . .. Controctor . ., ., e i
Nathing, ..o i e Eosting, . ..... .. saieevae.. Elevolion ... i
SaMPE TYPES SAMALE CONDITION !
GS  Grob sampe TO  Thin woli open R TEST INFORMATION i
W5 Wash  somple TP  Thin wall pislon Disturbed
e S SR Bl | & e et
arre vt FOPuisiarnsssarns tearars [ 2
S5 Sl poon STICK UP IMJ.. . ooocsveavrcasecemmeaneees Lest Q uRCOUFINES CouP STR K
[ pyvs = 1 z 3 4
{ a 50IL/ROCK SAMPLES B | & onawic cons BLowsoam
— o - \" w L] pd
.13tz QESCRIPTION :_§_ & h%;,‘s" 3:—; _‘_[ !m;u cén.:-.n:l‘l.! ',
AR 3 3 el k320 B B |rasmie ue 87 Sou tw
clwnlE ICE |~ z Z- 1l g o i » L) 2
PEAT - fibrous, dark brown .
0.3
SAND (TILL} - silty, trace of clay, trace of
gravel, stiff to very stiff, trace of organics,
medium brown
G- =1 -
[ CLAY, SILT, SAND, GRAVEL AHD COBBLES (TILL) -
, hard, cobbles to 20 cm, dark grey 6-2 o i

-4

-5 5.0

NOTES: 1. MWater not encountered in test pit.

JOB NO, . ...... BORING NOQ.



PTEAU & ASSOCIATES

GEQTECHNICAL COMSULTANTS

OFFICE REPORT ON SITE

INVESTIGATION

Sneet 1 of 1

Contract No.. SHIKANQ SQUTH.OUMP. .
Boring MNo..,......H.......

PERTY

Compiled BY.HAHLEY/CLARIOGE. ..
Locaolion , SHIRAND, HORTH .DUMP, . . .

Boring

Contracior

Dote. April .6, 1985 , .

Nerthing . ... EOsting. ... ... euseavsoa..,. CElevation - -
SAMPALE TYPES SAMPLE CONOITION
GS  Grob sompt 10 Thin well open F Y
W5 Wuosh  somple TP Thin woll pision Oislurbed TEST INFORMATION
RC  Roex  cors TYPE OF RIG.eee .. ., Foir 2
CR CRREL barret  SAMPLE HAMMER: wi.... Good ® PLNETROMETLR rK/m .
55 Splil  1pogn STICK UP (m.) Lost []Luuclennutn LOUP STR XH/m
1 L 1 z X 1 z
. T
£ o S0IL/ROCK = A OYNAMIC CONE BLOWS/O3m
s % DESCRIPTION AN B R N
22l E 2 E| 2t 83 [ oo %
Slaly s 3 Elwzgo| Ok fmaste un 07 Gam e
ICE |+~ z == | § o 19 » ] 92
PEAT - fibrous, dark brown
=1
CLAY, SILT, SAND, GRAVEL AND COBBLES (Ti,) -
pccasional boulders, medium consistency, dark
grey
H-1 Gradatiopn test q
BEDROCK - sedimentary rock |
|
- 4 i
NOTE:
t. Terrain poorly drained.
[~ 5 2. Uater table at ground surface. -
[~ 6
7
L l
i
o i
NOTES:

BORING MO e



PITEAU & ASSOCIATES

GEOTECHNICAL CONSULTANTS QFFICE REPORT ON SITE INVESTIGATION Sheet, 1 af) E
Controct  No.. . SHIKANQ .SQUTH DuMP, Compiled BY.HAMLEY/CLARSDGE... Boring Dole. .April.6, 1985 . - .. '
Boring No..........L.......... Localion , SHIKAND. NORTH.DUHP. ... CORIrOCIOr | . . ... ... cceoqunn ]
Nerthing ... . eeeiiieeannnnn. Eosting, . ..., ..+ uc04s+..,. Elevation :

SAMPLE TYPES

SAMPLE CONDITION

GS  Grob somde TO Thin woll open TEST INFORMATION
W5  wosh  somple TP Thin weall pislen Disturtied
RC  Rock tors TYPE OF RIG coiries e crvveeereornn concenmanssnanns [} FOIF b
CR  CRREL borret  SAMPLE HAMMER: wi... . Goera . "m:u“:"' :,m' o,
55  Split  spaon STICK UP (m.}.. Los! D,um.c" 'm[: clou. s.“ .“fn
= ] 2 3 4
£ o SOIL/ROCK (=4 A OYNAMIC CONE BLOWS/AO3m
s % DESCRIPTION £« gzl YUY L 0 0 o oy
| 3|2 SIS B33 8 3 v conon %
Sl Elw a 3 Elw2se 5’5 rastic ue @7 usuio uw
al|wl|Z ICE |+ Zz 2= |l g a8 10 ¥ s o 38
PEAT = fibrous, dark brown H 1
; :
0.4 " - i ;
T FINE SAND - silty, stiff, mottled brown
1-1 -8
CLAY, SILT, SAND AND GRAVEL (TILL) - occasional
cobbles and boulders, stiff
1-2 [« J
BEDROCX - siltstone - hard (R2 - R3}) i
’ |
-5 NOTE: 1. Water table at ground surface
-
i
i
.7
L
8

NOTES:

JOB NO. ...... BORING NO..



PITEAU & ASSOCIATES

5.0

-8

GEOTECHANICAL CONSULTANTS QFFICE REPORT ON SITE INVESTIGATION Sheet 1 of. 1 E
Contract No-SHIKANO SCUTH BUMP Compiled By.WAHLEV/CLARIOGE. ..  Boring Dole. April 6, 1985, ... |
Boring No.........d........... Locotion , SHIKAND NORTH.DUMP. ...  Conmroctor ..., ., . ..cuecovn-. ;
Nerthing .. ..ooeeey e e eeans Easting, . ,................ Elevotion _ ___ . . o

SaMAE TYPES SAMPLE CONDITION H
GS  Grob sompe TO  Thin wall apen . TEST INFORMATION |
WS Wash  somple TP  Thin wall pistan Disturbed I
RC  Rack tor: TYPE OF RIG ... .. o Fair 2
CR  CRREL borrel  SAMPLE HAMMER! w....... . YA Sos $ rovrhouencr xufm (2l00)
55 Splil  spcon STICK UP (M) eiievieniivviivseneeninreeceenaneneens B Lost (D WCONFINED COuP STR xuts
N [+3 1 2 3 4
£ g SOIL/ROCK E " A DYNAMIC CONE BLOWS/O3r
= OESCRIPTION " Yo 1 g -
= é E M é 3 t'g‘i.fi 5 5 3 l‘ﬂ;tﬁ anur"f. ’
sl |l & g Ejwiiol O F [wasme uw @7 Guwn uw
alw|= ICE | = z z= 1z B » x 0 ez
PEAT - amorphous, dark brown :
0.4 SAND - fine to wedium, trace of organics, loose
to moderately dense, grey }=1 Q
L1
1.3
CLAY, SILT, SAND, GRAVEL AMD COBBLES {TILL) -
very stiff, grey to mottied brown, wet
-2
-3 -2 o]

NOTES:

1.

Seepage encountered at depth of 1,2 m.

JOB NQ. L ...,

BORING RO,



ASSOCIATES .
oTeChmata, CORSUATANTS OFFICE REPORT ON SITE INVESTIGATION  Sheel 1 of.p
Contract  No. SHIKAND .SOUTH. DUMP. . . Compiled By.HAMLEY/CLARIDGE. .. Boring Dole. April.6, 1985 - - .-
Boring No.........K...... v Locortion . SHIKAND. HORTH.DUMP. ... COAIFQCIOr | ., ... . ieenen... :
Narthing i ceer e iena Eosting, .., ..yuuuvesenna,. Elevation, - 1
SAMPLE TTYPES SAMPLE CONDITION H
GS "Grob sampt TO  Thin wall apen - TEST INFORMATION i
WS Wash  somple TP  Thin wall pision LX) Distureee i
RC Roch care TYPE OF RIG.. .. .\ o oreeeeceeenneneeeerenns | Fait . H
CR  CRREL borrel  SAMPLE HAMBMER! wi. oo G100 A Goog @ PENETROMLTER «¥fn” (2100}
S5 Spis  apoan STICK UP (m.). . cevervrerer I Lost Q URCONTIALE COLZ STR cufm
] 5 1 1 1 z 1] 1
" = 1 z 3 4
4 o SOIL/ROCK SAMPLES o A DYNAMIC CONT SLOWS/0 3
5 g DESCRIPTION £ 1w st WY [ T T S S
. HE: NERE: 'n-.-"-‘ & 8 z WATER COMILNT %,
sl tlw e g E|lw3gol I E |rusne uw @7 goew uw,
ajwl|Z icg | = z z= | 281 w B ™ as
CLAY, SELT, SAND, GRAVEL AND COBBLES (TILL) -
(clay, misture content increases with depth)
occasional boulders to 40 cm, very stiff, brown,
becoming grey with depth
-1 k-1 @ ]
P2
-3
r i
bl H
L 3 !
4 &0 BEDROCK-
]
!
i i
]
-7
-8
3
} i
1
'
i
5 i
NOTES: 1. Seepage encountered at depth of 2.0 m.
1
]
|
]
Jog NO. . BORING NO



PITEAL & ASSOCIATES

GEDTECHHICAL CONSULTANTS OFFICE REPORT ON SITE INVESTIGATION Sheel 1 of 1
Controct  MNo.. SHLRANO 30UTH DUME_ Compiled By..HRMLEY/CLARIOGE.. Boring Date. April.6, 1985. - ...
Boring No..........k.......... Locotion SHLKARD, BQRTH.OUMP..... Controctor . .., .. ... e e H
NOETNING o oooosooee e ooenes EOSTING L Lt iissy..,, Elevation . e

SAMALE TYPES SAMPLE CONDITION

GS Grab somge TO Thin wall optn TEST INFORMATION

W5  Wash omple TP Thia wall pislon @Dislurﬁed

RC Rotx ctors TYPE OF RIG cie + crveeeervniennns vevere AL Foie 2

. ® PLMETRONITER XM/m
CR CRREL ‘borrel SAMPLE HAMMER: wt, .. Ve Goud ) 2
$5  Solit  spoon STICK UP (m.).. . . crereneneeee M Lost Q WEONTIALE coup 3TR ww/e
T
£ a SOIL/ROCK SAMPLES B | & ovnamic cone eLows/o3m
~|e e : - - W TR : :
|3 l—I— DESCRIPTION . :é 3 l-%\:ﬁ, % éj - T/t
3 ?_ w o El G>20l N E [phste . @7 ueum uw
Sl = Ice | & z z= | g &8 w ® s o -
aa - 9
{
FILL - silt, sand and gravel (with logs) H
{adjacent to road). .
FINE SAND -~ trace of organics, loose,
grey-brown L-1 [e]
BEDROCK - Friable carboraceous shale {RI/RZ)
2
"3
;
Lg ]
=5
i
- ] ;
]
1
-7
-8
i
L ]
] i
i
i
1
i

NOTES: 1. Mater mot encountered in test pit.

JOA NO. .. . BORING MO ceee




ASSOCIATES - :
?Ezagnéusé?gumrs QFFICE REPCORT OHN SITE INVESTIGATION Sheel 1t ol 1 1
Controct  No..SHIKANO .SOUTH.DUMP. . . Compiled By.HAWLEY/CLARIDGE. .. Boring Dete. ppril.6, 1985- - .-
Boring No........H...... e Location, SHIKAND. PLANTSITE. DUMR.  Confroclor ..., . ... ..........
Nerthing, ..., ven i ien, Eosting, ... .., ...,.......,. GElevation _ .. ...... 1]
SAMPLE TYPES SAMPLE CONDITION
G5 Grob somdt TO  This woll open . TEST INFORMATION
W5  Wosh somple TP Thin woll pision Dislurbed
RC Rocx core TYPE OF RG.ice ot civierreranssernm v mnersnnnn ] FOIF 2
CR  CRREL borrel  SAMPLE HAMMERY wh.mn drop. Good b e o
S5 Split  socon STICK UP {M)ee.  coviees ceees e eeraeseanaenas Lost O VHCONFINED coun sTR wwi~
T
8 SOIL/ROCK [ " A DYNAMIC CONE BLOWS/0.3m
E N - vz W L L]
E DESCRIPTIO - Z-§- Ry 335 8 :‘-:J gl VTR CTHTAS
5 s 3 Elw2gel O F Imasne uw O Dou te
= ICE |~ z -l = 1p » osp 0 90
SAND - fine to medium, moderately dense,
brown-grey
-1 Q
2.0
SAND AND GRAVEL - occasional cobbles to 20 em,
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SAMPE TYPES SAMALE CONDITION
GS  Grob somde TO  Thin wall gpen = TEST INFORMATION
WS wash samoie TP Thin woll piston LX) DisturBed
RC Rock _gors TYPE OF RIG e, o e JIIi} Fair N 1
CR  CRREL borre)  SAMPLE HAMMER: ... P Gora ® FCRITROMLTLR <H/m “m’z
$5  Soi  spoon STICK UP (m.)., veereerenee K Lont 0 UNCOFINEZ COUP STR xa/=
. @ 1 2 3 4
£ a 50H./ROCK SAMPLES B A DYNAMIC CONE SLOWS/03m

518 DESCRIPTION 3 S TS < ) A
£l 81 F w|Z |2 E‘E i S T for WATLR COMTENT Y,
5| Bl o s 3 E]lwzdo) ok |nssne ux @7 0dme uw,

ajw|= IcE | = z ==z 8| 0 n s
PEAT - amorphous, dark brown, layer of siity r + ]
fine sand from 0.35 m to 0.55 m : ;

0.6
SILT, SAMD AND GRAVEL (TILL) - trace of clay,
-1 medium consistency, grey
N-4 o]
o 2 ;
2.4
SILT - some sand, trace of clay, trace of
organics, very stiff, dark grey
-3
[TORVANE)
H-1 . [REN]
i
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SAMAE TYPES SAMPLE CONDITION .
G5  Grob samge TO  Thin woll open . TEST INFORMATION
W5 Wosh iomple TP Thin woll pitlon Disturbed
RC Rock cors TYPE OF RIG e e e, Fair 3
CR  CAREL barcel  SAMPLE HAMMER: w. Good . ’f;i:_?"‘"" u’:”""’ ot
55 Split  spoon STICK UP im.}... . Lost l:][u t .Nt,c c.n L sf t ”{h
T
£ o SOIL/ROCK SAMPLES B | & ovnamic cons SLOWS/O3m
=2 DESCRIPTION £}« Y~ L] PR T S T S T
P E MEEDARE L 3 3 [ —_arEr cowsenT %
2 gl s 3 Erwige| W jrsnc e @ oam te
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PEAT - amorphous to fibrous, brown
0.4 i
SAND AHD GRAVEL - trace of silt, loose, sand
is fine to coarse
1
L]
\ r:
}
1
L 5 0-1 o |
be 3 K
11
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L 4 [
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b h
L
. 6 ] b.9 .
NOTE: 1. Water table at ground surface
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